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Introduction

Potential public health risk associated with dietary
intake of heavy metals has become a matter of increasing
concern. Heavy metals can have a serious impact if released
into the environment even in trace quantities (Lin ,
2005). Uptake of these metals via soil-crop system has been
postulated as predominant pathway for human exposure to
environmental heavy metals. Mobility and transportation of
these metals are strongly influenced by their absorption and
desorption in soil. However, heavy metals in soil exist in
various forms that reflect their solubility and availability to
plants. The capacity of soil to bind heavy metals depends on
the amount and nature of binding sites in soil which in turn are
influenced by several factors such as soil pH, organic matter
content and soil type (Alloway, 1995). Uptake and
accumulation of heavy metals in plants can result from soil
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contamination by a single or multiple number of heavy
metals. However, the results of single metal contamination
cannot reflect the biological toxicity when multiple elements
are present alongside.

Therefore, more attention is being focussed on
contamination by multiple heavy metals. The normal
interactive pattern of combined heavy metal contamination is
either antagonistic or synergistic. However, Zhao and Qiu
(2005) found that the effect of soil-applied Cd on crop Zn
varied with different Zn concentrations in soil: low-zinc
showed antagonism, whereas high-zinc concentration
showed synergism. The reaction of plants to toxic
concentrations of heavy metals may be manifested by
changes and anatomical abnormalities. The level of
absorption of metals can be regulated depending on plant
species. Cadmium and lead rank highest in terms of damage
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to plant growth and human health. Their uptake and
accumulation in plants pose a serious health threat to humans
via food chain (Shah and Dubey, 1998). The presence of
excessive amount of Cd and Pb in soil commonly elicits
various types of stress symptoms in plants, and these include
reduction in growth, especially root growth (Hoseini and
Zargari, 2013) and inhibition of certain vital plant processes,
such as photosynthesis where toxic symptoms such as wilting
of older leaves, stunted foliage and short brown roots occur
(Patra , 2004).

Rice is one of the three major food crops in the world
and is the staple diet of about half of the world's population.
Paddy belongs to grass family and accounts for the bulk of
human diet throughout Asia. Rice production is mainly
undertaken in Asia, with more than 90% of the world's rice
growing areas occurring in the Asian region (Kyuma, 2004).
The objective of the present study was to identify
morphological and structural changes in paddy due to single
and combined treatment of Cd-Pb, and to correlate metal
accumulation with morphological and anatomical changes
that may subsequently take place in paddy plant.

Paddy seeds
( ), obtained from Muda Agriculture
Development Authority (MADA) Kedah, Malaysia, were
grown under green house conditions at the UKM in Bangi,
Malaysia. Seeds of MR 219 variety were sown in early May,
2011. Prior to sowing, seeds were soaked in water, drained
and allowed to germinate for 24 hrs until white root or radical
emerged from the seeds. Soil collected from MADA was
placed in plastic pots, (size of 60 L x 42 W x 30 H cm) and
kept moisturized-prior to transplanting.

After 20 days after of sowing (when seedlings were at
second leaf stage), seedlings were transplanted evenly into
the pots (20 seedlings per pot). Two weeks later, when the
growth of paddy plants stabilized, they were supplemented
with single and combined close of Cd and Pb. Paddy plants
were treated with five different concentrations of heavy
metals and observed along with control (0, 5, 10, 15, 20, and
25 ppm). Exposure of the prepared plants to the heavy metals
was made only once and the soil around the plant roots as well
as the plants was analyzed for heavy metal content. This
experiment was carried out in triplicate and sampling was
done randomly from the pots at three main stages of plant
growth i.e at 65 (vegetative), 95 (reproductive) and 130
(ripening) day. Water level was gradually increased as
seedlings emerged, and was maintained at 7-10 cm when
seedlings attained 3-4 leaf stage (Wahyuni , 2003).
Weeding was done manually to eliminate competition and no
fertilizers or pesticides were used during the experimental
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Oryza sativa
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Materials and Methods

Biological materials and growth conditions :

period. Plant growth parameters were measured in order to
study the response of paddy plants to heavy metal exposure.
Colours of the leaves, root length, and shoot height were
noted studied at three growth stages.

Extraction of heavy metals from
leaves, stems, roots and grains of paddy, were carried out
using the wet digestion according to AOAC methodology
(2012). Samples were washed with tap water to remove soil
particles followed by three rinses, twice with distilled water
and once with distilled deionized water. The plants were then
blotted dry with tissue paper, separated into stems, roots and
leaves and cut into small pieces. Finally, the samples were
oven dried at 70ºC for three days until they reached constant
weight (AOAC, 2012). The procedure of extraction followed
by the method described by AOAC (2012). The heavy metal
concentration was determined using the Inductive Coupled
Plasma Mass Spectrometer ICP-MS. (ELAN 9000, Perkin
Elemer SCIEX).

Heavy metals in soil were extracted by sequential
extraction method (Khairiah , 2014). This extraction
method was conducted on the four fractions namely: the
easily leachable and ion exchange fraction (ELFE), acid
reducible fraction (AR), oxidation organic fraction (OO) and
resistant fraction (RR). The first three fractions: (ELFE),
(AR), and (OO) were included in the study. The soil samples
collected were air-dried in the laboratory before being ground
and sieved using a 250 μm mesh. The extraction procedures
followed the method described by Khairiah (2014). All
the samples were determined using the ICP-MS in order to
determine heavy metal content (mg l ).

Fresh materials (roots and leaves) were fixed in Acetic acid:
Alcohol. The sectioning methods were followed Johansen
(1950) and Sass (1958) with modifications. Materials were
sectioned at 15–40 μm thicknesses using a sliding
microtome. Fresh cross-sections of the roots were manually
cut with a sharp razor blade, 50 mm behind the root tips.
Transverse sections were taken from the central portion of
fully grown leaves: from the mid region of the petiole,
midrib, secondary veins and the leaf margins. The sections
were cleared in the bleaching agent Clorox, washed and
stained in Safranin and Alcian Green for 5 minutes each,
dehydrated through alcohol series 50, 70, 95 and 100%,
differentiated in 70% alcohol with a drop of hydrochloric
acid and mounted on slides using Euparal solution. The slides
were kept in the oven for two weeks at about 60˚C.
Photographs of the sections were taken using Leitz Diaphlan
polarizing microscope. Images were processed using the
Image Analysis and Adobe Photoshop Software. All the
specimens were stuck onto a stub using double sided tape or
colloidal silver, then were coated with gold using 'Edward's

Heavy metal analysis :

Procedure for anatomy and micromorphology studies :

et al.

et al.
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Table 1 :

Root length (cm) Shoot height (cm)

Cd (ppm) 65 days 95 days 130 days 65 days 95 days 130 days

Paddy root length and shoot height when exposed to different concentrations of Cd at different developmental stages

0 16.00 ± 1.00 17.33 ± 0.57 20.33 ± 3.21 74.33 ± 0.57 85.00 ± 3.05 97.00 ± 2.15
5 15.00 ± 2.64 14.25 ± 1.53 16.13 ± 1.52 73.36 ± 2.30 84.00 ± 2.00 87.00 ± 4.58
10 14.33 ± 3.51 13.11 ± 1.25 14.33 ± 2.30 71.96 ± 2.08 83.33 ± 3.81 84.03 ± 3.29
15 13.66 ± 1.73 11.00 ± 1.00 12.15 ± 1.27 71.33 ± 3.78 81.00 ± 3.59 80.63 ± 1.65
20 11.00 ± 1.52 10.63 ± 1.05 11.33 ± 2.64 65.66 ± 4.61 78.00 ± 4.00 70.66 ± 0.85
25 12.00 ± 1.32 12.33 ± 1.35 15.00 ± 1.00 69.00 ± 2.64 80.33 ± 1.84 76.02 ± 2.48

Different letters indicate significant differences between means at (P<0.05)

c b a c b a

b c a c b a

a c c c b

a c b c a b

b c a c a b

c b a c a b

Values are mean SD;+

Table 2:

Root length (cm) Shoot height (cm)

Pb (ppm) 65 days 95 days 130 days 65 days 95 days 130 days

Paddy root length and shoot height when exposed to different concentrations of Pb at different developmental stages

0 16.00 ±1.00 17.33 ± 0.57 20.33 ± 3.21 74.33 ± 0.57 85.00 ± 3.05 97.00 ± 2.15
5 17.00 ± 1.73 16.23 ± 3.21 18.00 ± 1.00 76.38 ± 3.05 83.33 ± 1.53 92.53 ± 1.31
10 14.00 ± 3.60 15.11 ± 2.15 17.47 ± 3.21 77.03 ± 3.05 82.68 ± 1.09 91.13 ± 3.51
15 13.00 ± 2.64 14.33 ± 2.00 17.00 ± 1.74 75.66 ± 0.75 79.47 ± 2.08 89.00 ± 0.35
20 12.66 ± 2.08 12.00 ± 1.52 16.13 ± 2.03 79.00 ± 2.59 76.13± 4.72 79.07 ± 2.72
25 11.00 ± 1.00 11.66 ± 0.57 12.33 ± 1.37 74.00 ± 3.60 72.33 ± 2.21 74.33 ± 4.61

Different letters indicate significant differences between means at (P<0.05)

c b a c b a

b c a c b a

c b a c b a

c b a c b a

b c a b c a

c b a b c a

Values are mean SD;+

Table 3 :

Root length (cm) Shoot height (cm)

Pb (ppm) 65 days 95 days 130 days 65 days 95 days 130 days

Paddy root length and shoot height when exposed to different concentrations of Cd-Pb at different developmental stages

0 16.00 ±1.00 17.33 ± 0.57 20.33 ± 3.21 74.33 ± 0.57 85.00 ± 3.05 97.00 ± 2.15a
5 12.00 ± 1.00 16.75 ± 0.73 16.66 ± 1.53 80.76 ± 2.30 90.00 ± 4.16 98.00 ± 3.65a
10 11.33 ± 1.15 15.00 ± 1.00 14.23 ± 1.29 77.66 ± 3.15 89.00 ± 2.01 94.00 ± 2.30a
15 10.66 ± 4.04 13.67 ±1.52 12.86 ± 3.00 75.12 ± 1.52 84.00 ± 1.72 89.16 ± 5.13a
20 12.27 ± 2.08 15.00 ± 0.57 18.00 ± 0.57 83.87 ± 0.65 95.33 ± 3.00 103.67 ± 2.14a
25 11.35 ± 2.16 13.11± 1.27 15.18 ± 0.35 74.66 ± 2.88 77.08 ± 1.00 87.66 ± 1.25a

Values are mean SD; Different letters indicate significant differences between means at (P<0.05)

c b a c b

c a b c b

c a b c b

c a b c b

c b a c b

c b a c b

+
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sputter coater' (15 to 20 nm thick of gold coating) (Gomes and
Léa de Jesus Neves, 2009). Coated specimens were viewed
under scanning electron microscope.

Data was prepared and analyzed by Duncan
statistical analysis and correlation of SAS and Excel. P <0.05
was the relationship considered statistically significant.

The growth of paddy plants exposed to various
concentrations of Cd, Pb and Cd-Pb were significantly lower
(p 0.05) as compared to that of control at different paddy
growth stages (Table 1). However, the effect of Cd, Pb and
Cd-Pb on the paddy root length and shoot height were
significantly different (p<0.05) as compared to that of
control. At high metal concentrations, the root length was

Data analysis :

Results and Discussion

≤

reduced to 44.2% with 20 ppm Cd and 38.5% with 25 ppm Pb
after 95 days of treatment and 33.3% with 25 ppm Cd-Pb after
30 days of treatment (Table 2). The reduction in paddy shoot
height under Cd, Pb and Cd-Pb treatments was less as
compared to that of paddy root length. The maximum
decrease in shoot height observed was 27.1% with 20 ppm
Cd, 23.3% with 25 ppm Pb and 23.4% with 25 ppm Cd-Pb
after 95 days of treatment. Paddy plants, however, showed an
increase in root length with Pb after 30 days of exposure and
with Cd-Pb after 60 and 95 days of treatment implying, that
the root length of paddy was enhanced by heavy metals in
comparison to paddy shoot height (Table 3).

Anatomical studies of leaf and root of paddy plant
showed gradual changes as compared to control, whereby the
morphological and physiological characteristics of plant

Effect of heavy metal in morphological of paddy plant
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were modified (Figs. 1, 2 and 3). It was not worthy that the
leaf, cell, wax structures and vascular bundles totally
collapsed in Cd-Pb treated plants (Fig. 1C and 1D), while in
root it was observed that the parenchyma cells collapsed in Pb
(Fig. 3C) and Cd-Pb treated plants (Fig. 3B) but not in Cd
treatments and control plants (Fig. 3A). Observation under
SEM showed that the schlerenchyma cells in leaf were less in
Pb and Cd-Pb treated plants. In roots, however the
parenchyma cells collapsed in Pb and Cd-Pb treated plants
but not in Cd treated and control plants.

Paddy plants exposed to Cd, Pb and Cd-Pb showed no
visual symptoms at vegetative stage. However after 60 and
95 days of metal treatment, leaf chlorosis, reduction in root
length and shoot height were clearly visible, especially at 20
and 25 ppm Cd, 25 ppm Pb and 25 ppm Cd-Pb close. Similar
results were reported in at 150 mM Zn, and
10 mM Cd treatment (Maruthi , 2005). A report by Wani

. (2012) on the exposure of runner beans
) to Cu in a range of 20-30 μg g , highlighted that

leaf chlorosis could occur due to Fe deficiency. Chlorosis due

Hordeum vulgare

et al.

et al (Phaseolus

coccineus
-1

to Cd and Pb treatment might be due to deficiency of Fe. This
process has been observed at low pH, whereas in the present
study negative correlation between heavy metal
concentrations and soil pH was observed. According to
Baryla (2001) leaf chlorosis observed in oilseed, rape
( L.) grown in contaminated soil (100 mg kg
dry soil, Cd ) could be related to reduced number of
chloroplasts and change in cell size. Paddy leaf chlorosis was
observed to be less with Pb than with Cd treatments.
However, a study done by Wozny (1995) on barley
( L.), indicated that the mesophyll cells of
barley leaves did not accumulate Pb, while apoplasm, guard
cells and cuticle showed Pb deposits.

Metal content in paddy plant showed significant
(p<0.05) difference in metal concentration as compared to
control. The concentration of heavy metals in paddy parts
was higher in roots as compared to other parts of the plant.
Table 4 shows that highest concentration in paddy roots:
4.155 mg kg with 25 ppm Cd-Pb, 3.711 mg kg with 20 ppm
Cd and 3.024 mg kg with 25 ppm Pb were observed at

et al.

Brassica napus

et al.

Hordeum vulgare

-1

+2

-1 -1

-1
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A B

C D

Fig. 1 : Cross section of paddy leaf under the scanning electron microscope. A) Control plant, B) Cd-treated plant, C) Pb- treated plant, D) Cd-Pb treated
plant, B) Residue (red arrow) presence showing thickened cell walls (green arrow), C & D) Collapsed cell structures (yellow arrow), accumulation of
residue (red arrow) in the vascular tissue and cortex parenchyma cells. Scale = 2 μm.
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reproductive stage. Concentration of heavy metals in paddy
stems was less than roots for various concentrations of heavy
metal (Table 5). Highest metal content of 1.298 mg kg with
20 ppm Cd, 0.783 mg kg with 25 ppm Pb was noted at
reproductive stage, and 1.292 mg kg with 25 ppm Cd-Pb at
the vegetative stage, respectively. As shown in Table 6, Cd,
Pb and Cd-Pb accumulation in paddy leaves tended to be
lower than that in roots and stems. With regards to the
treatments, maximum concentrations in paddy leaves was
0.414 mg kg with 20 ppm Cd, 0.379 mg kg with 25 ppm Cd-

-1

-1

-1

-1 -1

Pb and 0.210 mg kg with 25 ppm Pb at reproductive stage.

Anatomical analysis of paddy leaf and root showed
high accumulation of cadmium (Cd) (Fig. 1B, 3B) and lead
(Pb) (Fig. 1C, 3C). Roots of paddy plants exposed to Cd (Fig.
3B), Pb (Fig. 3C) and Cd-Pb (Fig. 3D) had thickened cell
walls, breakdown of parenchyma tissue and dark deposits in
cell walls of vascular tissue. Thickening of exodermal and
endodermal cells may indicate adaptation and high tolerance
to heavy metals (Lux , 2004). However, rupture in

-1

et al.

Effect of heavy metal in morphological of paddy plant

A

Fig. 2 : Leaf surface of the paddy plant under the scanning electron microscope. A) Control plant, B) Cd-treated plant, C) Pb-treated plant, D) Cd-Pb
treated plant, B, C & D) Wax dissolved leaving smooth leaf surface and fusion of wax covers pit stomata (red arrow). A, B, C & D) = 2μm.

B

C D



On
lin

e C
op

y

Journal of Environmental Biology, September 2016

parenchyma tissue suggests greater metal accumulation
capacity in roots and lower transfer to shoots, particularly in
plants which are exposed to Cd treatments (Wojcik ,
2005). Dark deposition in walls of both xylem elements and
cortical parenchyma of roots is an anatomical adaptation to
heavy metal toxicity. Some researchers have suggested that
the capacity to bind heavy metals in cell wall is a protective
action against the deleterious effects of heavy metals by
reducing the amount of cytosolic heavy metals. However,
wall thickening can help to maintain the hydraulic safety of
root and as a barrier to water loss by reflux. This adaptation
might be due to the plant's capability to accumulate heavy
metals by blocking ion reflux, particularly during periods of
low or absence of transpiration processes (Enstone ,
2003). Besides, the thickness of cell walls, changes in the
number of treacherous elements, as observed in the study, can
be associated to promoted root maturation by heavy metals as
a result of hormone balance alternation. On the other hand,
the increasing number of treacherous elements promotes
efficiency in plant transportation.

Exposure to Cd, Pb and Cd-Pb caused reduction in the
thickness of leaf blade. Due to reduction in leaf parenchyma
cells by increased size of endodermis and bulliform cells.
Cell degeneration occurs probably due to the ability of heavy
metals to disrupt hormonal balance (Gomes , 2011),

et al.

et al.

et al.

which in turn can affect tissues morphogenesis and influence
number of cells in these tissues. Moreover, breakdown of the
vascular bundles and shrinkage of the palisade and epidermal
cells suggest that paddy plant has high tolerance and uptake
ability for Cd and Pb uptake. Moreover, decrease in the
cuticular wax was observed in the leaf adaxial surfaces (Fig.
2B, 2C, 2D), represented especially by an accelerated fusion
and degradation of tubular wax structure caused by heavy
metal accumulation, which could have covered the stomatal
pores (Bacic , 2005). Permanent stomatal closure
seemed to be a consequence of reduced K and Ca under
heavy metal stress, both ions being the main controlling
factor of stomatal opening (Yruela, 2005). High
concentration of Cd and Pb reduced transpiration rate and
alter water relations, probably as a result of root damage.
Transpiration behaviour indicated that the effect of water
vapour pressure on the degree of stomatal opening was small.

Heavy metal content in paddy grain might be an
indicator for safety assessment, since it is the staple food of
numerous people. As shown in Table 7, Cd level in control
plants was below the permissible limit, while Pb level
exceeded the average limit consumed in China: 0.027 Cd and
0.075 mg kg Pb. In the pot experiments, all the
concentrations of Cd, Pb and Cd-Pb in paddy grains were
higher than the permitted level. The concentrations of Cd, Pb

et al.
+ +
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Table 4 :

65 days 95 days 130 days

Pb ppm

Cd-Pb ppm

Average heavy metal concentration in paddy root at different
developmental stages (mg kg )

0 0.019 ± 0.003 0.119 ± 0.081 0.062 ± 0.040
5 0.242 ± 0.065 0.845 ± 0.397 0.599 ± 0.345
10 0.581 ± 0.444 2.954 ± 2.202 1.100 ± 0.476
15 0.670 ± 0.089 2.996 ± 0.546 1.239 ± 0.167
20 1.410 ± 0.417 3.711 ± 0.885 1.251 ± 0.287
25 0.826 ± 0.258 2.089 ± 0.896 0.832 ± 0.302

0 0.143 ± 0.081 0.147 ± 0.003 0.134 ± 0.040
5 0.195 ± 0.073 1.768 ± 0.349 1.042 ± 0.295
10 0.379 ± 0.295 1.810 ± 0.658 1.522 ± 0.169
15 0.409 ± 0.225 2.199 ± 1.283 1.578 ± 0.370
20 0.467 ± 0.361 2.294 ± 2.016 1.608 ± 0.416
25 0.941 ± 1.176 3.024 ± 1.142 1.649 ± 0.382

0 0.181 ± 0.118 1.545 ± 0.470 1.298 ± 0.709
5 0.419 ± 0.154 1.025 ± 0.492 0.508 ± 0.106
10 0.427 ± 0.233 2.942 ± 0.502 0.686 ± 0.079
15 0.708 ± 0.603 4.023 ± 1.582 0.877 ± 0.216
20 0.667 ± 0.345 1.767 ± 0.677 0.847 ± 0.210
25 1.885 ± 0.435 4.155 ± 0.677 1.054 ± 0.166

Means within the same column followed by the
same letter are significantly different from each other at (p<0.05)

-1

c a b

c a b

c a b

c a b

b a c

c a b

b a c

c a b

c a b

c a b

c a b

c a b

c a b

c a b

c a b

c a b

c a b

b a c

Cd ppm

Values are mean SD;+

Table 5:

65 days 95 days 130 days

Pb ppm

Cd-Pb ppm

Average heavy metal concentration in paddy stems at different
developmental stages (mg kg )

0 0.018 ± 0.012 0.072 ± 0.011 0.007 ± 0.001
5 0.096 ± 0.030 0.292 ± 0.086 0.137 ± 0.002
10 0.208 ± 0.079 0.454 ± 0.220 0.154 ± 0.107
15 0.258 ± 0..084 0.532 ± 0.035 0.209 ± 0.032
20 0.368 ± 0.145 1.298 ± 1.443 0.228 ± 0.012
25 0.151 ± 0.137 0.368 ± 0.032 0.241 ± 0.064

0 0.120 ± 0.024 0.838 ± 0.217 0.100 ± 0.042
5 0.149 ± 0.006 0.610 ± 0.154 0.102 ± 0.018
10 0.156 ± 0.060 0.671 ± 0.061 0.107 ± 0.016
15 0.161 ± 0.057 0.715 ± 0.115 0.112 ± 0.014
20 0.162 ± 0.035 0.783 ± 0.066 0.147 ± 0.007
25 0.221 ± 0.080 0.937 ± 0.342 0.193 ± 0.054

0 0.910 ± 0.224 0.836 ± 0.220 0.596 ± 0.272
5 0.858 ± 0.042 0.126 ± 0.041 0.195 ± 0.099
10 1.263 ± 1.469 0.220 ± 0.072 0.167 ± 0.035
15 1.282 ± 0.116 0.638 ± 0.424 0.168 ± 0.004
20 0.665 ± 0.068 0.586 ± 0.209 0.093 ± 0.012
25 1.292 ± 0.339 0.699 ± 0.119 0.182 ± 0.016

Means within the same column followed by the
same letter are significantly different from each other at (p<0.05)

-1

b a c

c a b

b a c

b a c

b a c

c a b

b a c

b a c

b a c

b a c

b a c

b a c

a b c

a c b

a b c

a b c

a b c

a b c

Cd ppm

Values are mean SD;+
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and combination of Cd-Pb in paddy grain were recorded as
follows: Cd: 0.021 mg kg -0.099 mg kg , Pb: 0.433 mg kg -
0.627 mg kg , and Cd-Pb: 0.308 mg kg -0.454 mg kg . It
should be noted that the highest accumulation of Cd was 0.099
mg kg at 20 ppm Cd, while Pb was 0.627 mg kg at 25 ppm
Pb, and Cd-Pb was 0.57 mg kg in control plants (Table 7).

With regard to the results obtained, distribution of Cd,
Pb and Cd-Pb was observed in the following order root>
stem> grain> leaf. Analysis of variance indicated that the
sequence of heavy metal concentration in paddy plants in the
following order: Cd> Cd-Pb> Pb. A positive correlation was
also observed between heavy metal concentrations in soil
with the concentration in paddy plant. However,
accumulation of Cd, Pb and Cd-Pb in paddy plant parts
increased significantly with increase in the concentration of
heavy metal. Throughout the study it was observed that
paddy plants grown in contaminated and non-contaminated
soil showed similar distribution of Cd and Pb during the three
stages of plant growth. Comparison of the heavy metal
concentration in the three parts namely roots, stems and

-1 -1 -1

-1 -1 -1

-1 -1

-1

leaves, showed that the concentrations were low at vegetative
stage, then increased at reproductive stage and decreased at
ripening stage. The results also indicated that Cd, Pb and Cd-
Pb content in paddy plants decreased from roots to leaves
which reflected the course of absorption and accumulation of
these metals by plant parts. However, paddy root and stem
were the main parts for heavy metal accumulation and
transportation. It was also observed that when paddy plants
were exposed to 25 ppm Cd and 20 ppm Cd-Pb there was a
slight decrease in the metal concentration as compared to
exposure to 25 ppm Cd and 15 ppm Cd-Pb. On the other hand,
heavy metal concentration in paddy grains exceeded the
permissible limit, and increased directly with increased metal
dosage.

The distribution of Cd, Pb and Cd-Pb in the paddy
plant was in the order of roots> stems> grains> leaves. This
finding is in line with the results of similar studies using other
crops such as wheat ( ) and maize (

) (Shi , 2008). The results of the pot experiments
showed a remarkable increase in the Cd, Pb and Cd-Pb

Triticum aestivum Zea

mays et al.

Effect of heavy metal in morphological of paddy plant

Fig. 3 : Cross section of paddy root under the scanning electron microscope. A) Control plant, B) Cd-treated plant, C) Pb-treated plant, D) Cd-Pb treated
plant, B) Thickened cell walls (red arrow), C) Increased number of metaxylem (yellow arrow), D) Shrunken cells, presence of residue (yellow arrow) with
thickened of cell walls. Scale = 10 μm

A B

C D
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concentration for increased metal application. It was
observed that the higher the heavy metal content in the soil,
the higher the heavy metal concentration in the paddy plant
(Keli , 2015), except at 25 ppm Cd and 20 ppm Cd-Pb.
According to Inouhe (2013), under Cd-stress, a Cd-
binding complex containing phytochelatin was detected in
the cytoplasm of cereal roots. This complex played a role in
causing resistance of cereals to Cd, while in the case of the 20
ppm Cd-Pb concentration, interaction of Cd and Pb showed
antagonistic effects between the two toxic metals which may
indicate the possibility of the same resistance mechanism
providing protection from multiple metal toxicity stress
(Babula , 2009). Generally, the interaction of Cd and Pb
could be a two-way partially synergistic action which

et al.

et al.

et al.

suggests the effects of the two metals working together and
presenting multiple metal toxicity, or it could be antagonistic
suggesting that any decrease in the Cd concentration due to
the effect of the decreasing level of Pb would reduce multiple
metal toxicity (Anjum , 2014). The results also showed
that the Cd, Pb, and Cd-Pb concentrations in the paddy plant
were low at the vegetative stage, and then they sharply
increased at the reproductive stage and decreased at the
ripening stage. In the case of high metal uptake, plants have
the ability to release hydrogen ions and decrease the pH of the
root zone. The released H ions can then, by exchange,
increase the bioavailable concentration of metals and hence
their uptake (Singh , 2012). When metals are taken up
into the plant tissue, they can accumulate in the plants
epidermal cell walls as well as in the meshophyll cells.
According to Kabata-Pendias (2010) Cd has been reported to
precipitate with phosphate and calcium oxalate and to be
stored as the immobile salt complex.

The mobility and bioavailability of heavy metals in
paddy soil largely depend on their binding forms. The present
study indicated three sequential extraction fractions: Easily
leachable and ion exchange fraction (ELFE) normally
contained heavy metals that are loosely bound to organic
matter; The Acid Reduction fraction (AR) contained heavy
metals which are bound to secondary minerals, sulphates and
phosphates, and The Organic Oxidation (OO) fraction which
comprised accumulated metals which are strongly bound
with organic matter (Khairiah , 2014). The results
revealed that Cd, Pb and Cd-Pb concentrations varied
significantly (p<0.05) within the three sequential fractions.
Cd concentration was found to be in the following decreasing
order: AR> ELFE> OO (Table 8), while Pb concentration
decreased in the order of OO> ELFE> AR (Table 9), and Cd-
Pb concentration was also found to be in the order of OO>
ELFE> AR (Table 10). The results also showed that all of the
Cd, Pb and Cd-Pb concentration in paddy soil was at highest
level during the reproductive stage of the paddy plant and
decreased thereafter. Overall, Cd was found to be strongly
bound at the acid reducible fraction, while Pb and Cd-Pb were
found to be strongly bound at organic oxidation fraction,
suggesting that Cd was higher in bioavailability to paddy
plant than Pb and Cd-Pb.

Exposure of Cd, Pb, Cd-Pb to paddy plant caused
gradual changes in the morphology and structure of leaf
surfaces of paddy plant. At higher accumulation of Cd, Pb
and Cd-Pb caused alteration in the structural characteristics
forms, but not at lower concentration.
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Table 6:

65 days 95 days 130 days

Pb ppm

Cd-Pb ppm

Average heavy metal concentration in paddy leaves at different
developmental stages ( )

0 0.015 ± 0.004 0.016 ± 0.005 0.011 ± 0.005
5 0.046 ± 0.019 0.093 ± 0.021 0.042 ± 0.026
10 0.088 ± 0.030 0.147 ± 0.056 0.043 ± 0.019
15 0.109 ± 0.088 0.151 ± 0.070 0.061 ± 0.008
20 0.132 ± 0.086 0.414 ± 0.182 0.099 ± 0.025
25 0.058 ± 0.026 0.190 ± 0.141 0.046 ± 0.007

0 0.068 ± 0.027 0.124 ± 0.039 0.120 ± 0.006
5 0.146 ± 0.083 0.169 ± 0.045 0.062 ± 0.043
10 0.163 ± 0.023 0.170 ± 0.029 0.076 ± 0.024
15 0.171 ± 0.022 0.179 ± 0.044 0.103 ± 0.027
20 0.180 ± 0.044 0.210 ± 0.032 0.130 ± 0.036
25 0.189 ± 0.038 0.237 ± 0.059 0.144 ± 0.021

0 0.083 ± 0.031 0.141 ± 0.044 0.131 ± 0.004
5 0.052 ± 0.023 0.260 ± 0.081 0.136 ± 0.038
10 0.205 ± 0.105 0.277 ± 0.160 0.123 ± 0.026
15 0.233 ± 0.101 0.325 ± 0.058 0.180 ± 0.027
20 0.014 ± 0.004 0.281 ± 0.122 0.126 ± 0.009
25 0.254 ± 0.100 0.379 ± 0.117 0.155 ± 0.048

Means within the same column followed by the
same letter are significantly different from each other at p<0.05

(mg kg

Values are mean SD;
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Cd ppm
b a c

b a c

b a c

b a c

b a c

b a c

c a b

b a c

b a c

b a c

b a c

b a c

c a b

c a b

b a c

b a c

c a b

b a c

+

Table 7 :

Metal treatment Cd Pb Cd-Pb

Average heavy metal concentration in paddy grains (mg kg )

0 0.021 ± 0.012 0.337 ± 0.029 0.570 ± 0.216
5 0.042 ± 0.026 0.342 ± 0.027 0.332 ± 0.036
10 0.043 ± 0.019 0.471 ± 0.068 0.356 ± 0.050
15 0.046 ± 0.007 0.544 ± 0.206 0.353 ± 0.026
20 0.099 ± 0.025 0.583 ± 0.186 0.308 ± 0.035
25 0.061 ± 0.008 0.627 ± 0.298 0.386 ± 0.030

Means within the same column are significantly
differences at (p<0.05)

-1

c b a

c a b

c a b

c a b

c a b

c b a

ppm

Values are mean SD;+
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