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Abstract
Chemical pollution in the soil and water bodies has become a major source of concern and has posed a serious health problem in many countries. An
experiment was conducted in sawdust contaminated soils at glasshouse to determine the growth response, metal tolerance and phytoremediation
potential of Pluchea indica. P. indica seedlings were planted in the following growth media: T, (Control, 100% soil), T, (80% soil + 20% sawdust
sludge), T, (60% soil + 40% sawdust sludge), T, (40% soil + 60% sawdust sludge), T, (20% soil + 80% sawdust sludge) and T, (100 % sawdust
sludge). The best growth performance in terms of height, basal diameter and number of leaves was found in 40% sawdust in combination with 60%
soil. This combination also produced highest biomass. The maximum reduction of copper and zinc was found in 80% sawdust contaminated media,
iron and aluminium in the control while lead was in T5 (100% sawdust). Cu, Fe and Al were highly concentrated in the roots, Pb both in stems and
roots while Zn was concentrated both in roots and leaves. P. indica was found to have a high potential to accumulate high amounts of Cu, Fe, Al, Pb
and Zn in the roots, leaves and stems. Control to medium contaminated soil showed maximum translocation factor. The species was able to tolerate
and accumulate high concentrations of heavy metals. Being a non-food plant P. indica can be an ideal option to be grown for phytoremediation in

multi-metal contaminated sites. A field experiment also needs to be conducted to confirm the results of this glasshouse study.
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Introduction

Soil and water pollution is very important environmental problem
and has been drawing considerable public attention over the last
few decades. Malaysia is also facing the same problem in some
places. Many inorganic and organic pollutants are being mixed
with the soils and water. The quantity and diversity of toxic and
hazardous wastes have been increased with increase in quick
industrial development and urbanization '. Heavy metal pollution
in soil is one of the major environmental problems throughout the
world. Heavy metals have a significant toxic effect on humans,
animals, microorganisms and plants %. The heavy metals are being
released into the environment by several anthropogenic activities,
such as industrial manufacturing, domestic refuse and waste
materials, particularly sewage sludge, sawdust sludge, textile
industry sludge and slaughter house sludge. Sawdust originates
from wood and wood based factories and gives harmful leachates
into local water bodies, creating environmental hazards. However,
it is used as removal of heavy metals such as Cu, Zn, Pb, Fe, Cd,
Cr, As, Hg and Ni 3. It is cheaper alternative to absorb oil or chemical
spill and other pollutants *. Excess amount of metalloids and heavy
metals in soils such as Cd, Cr, Cu, Hg, Pb and Zn have caused the
disruption of natural terrestrial ecosystems °.

Cadmium and lead are non-essential elements possessing high
toxicity and easily accumulated from the environment by
organisms °. Zinc and Cu at lower concentration are essential
micronutrients for plants. Higher doses of these metals may cause
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metabolic disorders and growth inhibition for most of the plants
species and often leading to death -, These soil contaminates
need to be cleaned up for safe environment. Restoration of soil
contaminants with potentially toxic metals and metalloids is of
major concern °. Some existing methods such as physical and
chemical treatments, excavation, burial and microbial
bioremediation at a hazard waste site are insufficient, costly, time
consuming and some parts remain contaminated.

Planting trees is a device for remediation of waste land and to
restore contaminated soils. For an effective phytoremediation
process the plant species should be fast growing and grown
abundantly in large scale on wastelands. Plants will be able to
tolerate with harsh conditions such as heavy metal contaminations,
low nutrient contents and drought '°.

Considering all the options available among fast growing
species, Pluchea indica L. has been selected for this experiments.
P, indica L. belongs to the family Polygonaceae and is found
throughout Southeast Asia and in South China. In Indonesia, this
plant grows in the hot sun and at an altitude of 800 m above sea
level. Some works of phytoremediation on polluted soils have
been done but phytoremediation in sawdust sludge contaminated
soil with P, indica has not been reported yet. Therefore, the present
study was initiated with the following objectives: (i) to study the
growth performance of Pluchea indica in sawdust contaminated
soils, (ii) to determine heavy metal concentrations in P. indica
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plant parts, and (iii) to quantify the heavy metal concentrations in
the growth medium before planting and after harvest.

Materials and Methods

Site description and planting materials: The experiment was
conducted at the glasshouse, Universiti Putra Malaysia, at 4°062 N
latitude and 101°162 E longitude from April 15 to July 30, 2009.
The average temperature in the greenhouse was 27, 36 and 32°C
for morning, afternoon and evening, respectively. The growth
media prepared using soil mixing with different levels of sawdust
were: T, (Control, 100% soil), T, (80% soil +20% sawdust), T,
(60% soil +40% sawdust), T, (40% soil + 60% sawdust), T, (20%
soil + 80% sawdust) and T, (100 % sawdust). A Completely
Randomized Design (CRD) was used with six replications. Pluchea
indica L.was used as the test plant. Healthy saplings, similar in
form, were selected for this study. Before planting, a seedling was
tested for toxicity in 100% sawdust sludge without soil for about
one week. Thirty plants were used to measure growth parameters
including basal diameter, number of leaves, and height at certain
interval of time. The height was taken by using a ruler. Basal
diameter was measured by using caliper. The growth parameters
were measured twice in a month.

Nature of plant: Pluchea indica L. belongs to the family
Polygonaceae. This plant is found throughout Southeast Asia
and in South China. In Indonesia, this plant grows in the hot sun
and at an altitude of 800 m above sea level. It is small shrub, grows
upright, height can reach 2 m. Leaves are oval, light green, 2-9 cm
long, pointed toes, alternate location, and distinctive smell. Fruit
is small, hard, brown, and with whitish brown seeds .

Plant and soil sampling and chemical analysis: The plant

samples were collected after harvest and soil samples were

collected from each pot before planting and after harvest. The

samples were kept in a standard plastic container and air-dried
before physico-chemical analysis. For analysis of heavy metals,
1.0 g dried plant sample and 20 ml aqua regia solution (mixture of
concentrated HNO, and HCl in a ratio of 3:1) was taken into the
digestion tube and digestion completed with 80 to 120°C for 3

hours. The digest was filled into 100 ml beaker and the solution
was analysed for heavy metals using ICP-MS (Inductively Couple
Plasma Mass Spectrometry) method 2 applied for analyzing the
concentrations of heavy metals in the planting medium, plant parts
and sample solutions. Particle size distribution was analyzed by
pipette gravimetric method and the texture was determined using
USDA textural triangle. Soil pH and total carbon were determined
by using glass electrode pH meter * and loss on ignition method,
respectively.

Plant biomass measurement: Plant biomass was measured
separately according to leaves, stems, and roots. The loss in
weight upon drying is the weight originally present. The moisture
content of the sample was calculated using the following equation:

Wt. wet sample - Wt. dry sample

100 )]
Wt dry sample X

%Moisture=

Translocation factor: The plant’s ability to accumulate metals
from soils and translocate metals from roots to shoots was
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estimated using the translocation factor (TF) and calculated as
follows:

Metal concentration aerial parts @

TF= — x 100
Metal concentration in roots

Statistical analysis: Analysis of variance for growth and heavy
metal concentrations (in soil and plant parts) was done following
the ANOVA test and the mean values were adjudged by DMRT (P
=0.05) method '*. Comparison using t-test was also done to detect
any significant differences between values before planting and at
harvest.

Results and Discussion
Properties of the growth media: The nutrient content and water
holding capacity are high in clay soils but low infiltration and
aeration. Moreover, clay soils crack excessively while drying, if
they are very low in organic matter, this soil may lose their structure
and become cloddy and compacted . On the other hand, sandy
clay loam has high infiltration and better aeration which is good
for plant growth and development '°. Texture is an important soil
characteristic that affects soil management and crop production.
Some of the treatments presented a sandy clay loam texture except
control, T1 and T2 which had a clay texture.

Before planting, pH of the growth media was slightly acidic to
near about neutral, varied from 5.05 to 6.67. The highest pH (6.87)
was found in T5 followed by T4 (6.64) and the lowest was in T1
(5.05). After harvest pH was changed in the growth media and
decreased in all the treatments except T2 and T3 (Table 1). T1
showed highest decrease (-0.55) followed by T5 (-0.23) and the
minimum was in T4 (-0.07). Treatment T2 showed increase (+0.2)
in soil pH. The decrease of soil pH in the growth media might be
due to increased availability of heavy metals after decomposition
of contaminated sawdust sludge. The chemical, physical and
biological properties of soil depend on soil pH 7. Chemical elements
absorption by the plants depends not only on their absolute
content in soil but also on the level of soil pH and reductive
oxidative conditions and content of organic matter '*°. Soil pH
affects the solubility of trace elements, bioavailability of elements
in soil for plant uptake.

Before planting, the total carbon content ranged from 14.0 to
19.88%, was highest (19.88%) in TS followed by T4 (18.65%) and
T3 (18.21%) while control showed lowest carbon content (14.0%)
(Table 1). After harvest, the total carbon content increased in the
growth media. Treatment T5 showed highest increment (4.45%)
followed by T4 (3.85%) and T3 (2.92%). The lowest increment

Table 1. pH and total carbon content change in the

growth media.

Treatment pH changes Total carbon (%)

Before After Before After

planting  harvest planting harvest
TO 5.68 5.6 14 14.6
Tl 5.6 5.05 15.33 17.63
T2 6.07 6.27 17.65 20.32
T3 6.49 6.49 18.21 21.13
T4 6.74 6.67 18.75 22.6
T5 6.87 6.64 19.88 24.33
SE (+) 0.22 0.27 0.90 1.43

Note: TO = 100% soil, T1 = 80% soil + 20% contaminated sawdust, T2 = 60% soil +
40% contaminated sawdust, T3 = 40% soil + 60% contaminated sawdust, T4 = 20%
soil + 80% contaminated sawdust, T5 = 100% contaminated sawdust. Means + SE are
shown in error bar (p = 0.05).
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(0.60%) was in the control (Table 1). The total carbon content
increased with increase in sawdust content in the growth media.
Sawdust is generated from woody materials which naturally high
carbon content 4. The soil organic matter increases cation exchange
capacity (CEC), which improves soil fertility °. Organic matter
also improves water holding capacity, thus increasing the plants
ability to withstand short droughts.

Growth performance: The height, basal diameter and number of
leaves were measured as growth parameters for each level of
treatment. Plant height and number of leaves were significantly
different (P<0.05) among treatments. At harvest, the plant height
ranged from 16.6 to 22.73 cm, with the highest value (22.73 cm) in
T2 (60% soil + 40% sawdust) followed by T3 (22.3 cm) and the
lowest (16.6 cm) value was in the control (Fig. 1a).

The monthly height also exhibited an increase for each treatment
(Fig. 1a). From month 0, 1 and 2, the mean height was 15.70, 18.58
and 20.27 cm, respectively. Pluchea indica L. showed normal
growth in terms of plant height as it is known to be a fast-growing
species !, In the case of basal diameter, there was no significant
difference among the treatments. The highest basal diameter (3.68
mm) was found in 40% sawdust + 60% soil followed by T4 (3.33
mm) and the lowest one (2.83 mm) was in the control (Fig. 1b). The
mean basal diameter was 2.26, 2.94 and 3.20 mm for month 0, 1 and
2, respectively. This finding clarified that P. indica also showed
normal growth in terms of basal diameter for all treatments.

The number of leaves was also significantly influenced by the
different treatments (p<0.05). Treatment T2 also gave maximum
number of leaves (15.83) followed by T3 (13.12) and the minimum
number (7.83) was in the control (Fig. 1c). The number of leaves
also increased every month which indicates that the plant is able
to survive better in both control and contaminated sawdust sludge.

Majid et al. *' reported that as a fast growing species Justicia
gendarussa also showed normal growth in textile sludge
contaminated soil which corroborated our findings. The pH did
not seem to affect the growth performance.

Plant biomass: The plant biomass was not significantly influenced
by the different treatments (p<0.05). Among the plant parts highest
biomass (0.52 g) was found in the stems followed by the roots
(0.48 g). The lowest biomass (0.35 g) was in the leaves (Fig. 2). In
stems, T2 produced highest biomass (0.74 g) followed by T3 (0.58
g). The lowest biomass was in the control (0.31 g) (Fig. 2).

Treatments T4 and TS failed to produce maximum biomass and
this might be due to toxicity to plants because heavy metal
concentrations were higher in these two growth media. Juwarkar
et al.? reported that higher concentrations of As, Cr and Zn in
growth media reduced the growth and biomass of J. curcas which
are in agreement with our results. Medium including 40-60%
sawdust in combination with soil produced the highest stems and
roots biomass so this plant can be grown for phytoremediation of
sawdust contaminated soils. Moreover, life cycle of P. indica is
very short; therefore, this plant can be cultivated frequently in
the contaminated sites.

Heavy metal concentration in the growth media: Commonly
found heavy metals (Cu, Fe, Pb, Al and Zn) in the sawdust
contaminated soil were studied. After harvest, heavy metal
concentrations were significantly changed in the growth media
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Figure 1. Plant height (a), basal diameter (b) and number of leaves (c) of
Pluchea indica L. at different weeks after planting as influenced by
different treatments (increase per month). Growth media indicate different
proportion of sawdust sludge and soil, i.e. TO = 100% soil, T1 = 80%
soil + 20% contaminated sawdust, T2 = 60% soil + 40% contaminated
sawdust, T3 = 40% soil + 60% contaminated sawdust, T4 = 20% soil +
80% contaminated sawdust, T5 = 100% contaminated sawdust. Means
+ SE are shown in error bar (p = 0.05).

(p<0.05). Cu concentration decreased significantly for T3, T4 and
TS5 in the growth media (Fig. 3a). The highest reduction (9758.41 ppm)
was found in T4 followed by T3 (3676.6 g) and the lowest one (2244.18
ppm) in T5. The lowest reduction in T5 might be due to lower
absorption by the plant caused by heavy metal toxicity. Cu
concentration increased in some treatments and the highest increase

— SLeaf Stem
< 1.8
§ 164
) Il
5
Z 121
& 14
= 0.6 1
£ o044
0.2 4
0 4
TO T1 T2 3 T4 T5
Treatment

Figure 2. Dry biomass of leaves, stems and roots of Pluchea indica L. at
harvest as influenced by different treatments. Growth media indicates
different proportion of sawdust sludge and soil, i.e. TO=100% soil, T1 =80%
soil +20% contaminated sawdust, T2 = 60% soil + 40% contaminated
sawdust, T3 =40% soil + 60% contaminated sawdust, T4 =20% soil + 80%
contaminated sawdust, T5 = 100% contaminated sawdust. Means = SE
are shown in error bar (p = 0.05).
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(1483.72 ppm) was in T2 followed by T1 (211.42 ppm). The lowest
Cu increase (50.98 ppm) was in the control (Fig. 3a).

The Cu content increased in lower concentrated growth media
might be due to more prominent microbial activity in lower Cu
concentration as a result of increased decomposition of sawdust
sludge. Moreover, pH of these treatments (TO, T1 and T2) was
less than those of other treatments (T3, T4 and T5) which were
another reason for increasing Cu availability in soil %.

At harvest, iron concentration decreased in all the treatments.
The highest reduction was recorded (1050.02 ppm) in the control
followed by T1(907.32 ppm) (Fig. 3b). Iron concentration decrease
in the growth media might be due to higher uptake by the plant.
The lowest reduction (329.41 ppm) was in T5 and this might be
due to metal toxicity which disturbed normal physiological and
biochemical activity.

Lead concentration was significantly changed in the growth
media (Fig. 3c). Lead concentration increased in the control, T1
and T2. The highest increase (687.28 ppm) was found in T2 followed
by T1 (56.91 ppm) and the lowest increase (1.4 ppm) was in the
control (Fig. 3¢). Lead concentration significantly decreased in
T3, T4 and T5 treatments. The maximum reduction (1438.24 ppm)
was detected in T5 followed by T3 (632.29 ppm) and lowest was in
T4 (591.82 ppm) (Fig. 3¢). Ghafoori et al. * also observed significant
decrease of Pb in the growth media where Dyrea costulata was
planted in sewage sludge contaminated soils which is in agreement
with our results.

Lead is not essential element but potentially toxic to plant, animal
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Figure 3. Change in copper (a), iron (b), lead (¢) aluminium (d) and zinc (e) concentrations
in the growth media after cultivation of Pluchea indica L. as influenced by different
treatments. Growth media indicates different proportion of sawdust sludge and soil,
i.e. TO=100% soil, T1=80% soil + 20% contaminated sawdust, T2 = 60% soil + 40%
contaminated sawdust, T3 =40% soil + 60% contaminated sawdust, T4 =20% soil +
80% contaminated sawdust, TS = 100% contaminated sawdust. Means + SE are

shown in error bar (p = 0.05).
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and human. P. indica was found to remove Pb efficiently. Pb is
one of the most common inorganic pollutants in soils . It is
potentially toxic even at low concentrations, and the soil is considered
hazardous to human health if Pb concentration is above 400 mg
kg 6. Aluminium concentration was also decreased in the growth
media at harvest. The control showed highest reduction (9487.08
ppm) followed by T1 (5735.61 ppm) and T2 (2060.83 ppm) (Fig.
3d). The lowest reduction was in T5 (634.98 ppm) (Fig. 3d). It was
observed that Al concentration decreased with increase in sawdust
content in the growth media and this might be due to variable pH
among the treatments. The pH was comparatively low in the
control, T1 and T2 which may influence Al availability in the growth
media.

Zn concentration significantly decreased in the growth media
after harvest, the highest reduction (4824.51 ppm) was in T4
followed by T5 (1866.88 ppm) and T3 (1621.83 ppm) whereas, Zn
concentration increased in the control (Fig. 3e). Zn concentration
decrease in the growth media (except control) after harvest may
be due to uptake by the plants. Zinc is an essential element for
plants and animals but excess concentration in soil (>30 ppm) is
considered as contaminant and toxic to several species of
microorganisms %,

Heavy metal concentration in plant parts: The heavy metal

absorptions in the plant parts were significantly influenced by
the different treatments (p<0.05). The roots showed highest mean
Cu concentration (1.51 ppm) followed by the stems (0.52 ppm)
and the lowest concentration (0.30 ppm) was in the
leaves (Fig. 4a). Justin et al. ¥’ also reported highest
Cu absorption by the roots of Acacia mangium in Cd
contaminated soil. In the case of roots, the highest
Cu concentration (2.35 ppm) was found in T4 followed by
T5(2.09 ppm)and T3 (1.89 ppm). The lowest absorption
(0.03 ppm) was in the control. Among the treatments,
highest total Cu concentration (3.39 ppm) was

recorded in T3 followed by T5 (3.31 ppm) and the
lowest one (0.26 ppm) in the control. It was observed
that Cu concentration in the leaves and stems was
low compared to the roots because Cu translocation
in the shoot was low and this might be due to toxic
effect.

The roots showed highest iron accumulation (9.41
ppm) followed the leaves (3.97 ppm). The lowest
accumulation (3.02 ppm) was found in the stems (Fig.
4b). Similar result was also observed by Ghavri and
Singh 2 on Jatropha curcas plants grown on iron
rich waste land soil. In roots, the highest Fe concentration
(12.88 ppm) was detected in TS which was closely
followed by T2 (12.61 ppm). Treatments T1, T3 and
T4 showed similar accumulation in the roots. The
control showed lowest Fe concentration (2.09 ppm) in
the roots (Fig. 4b). T1 showed maximum Fe absorption
(5.22 ppm) in the leaves followed by T5 (4.07 ppm)
and the lowest one (3.29 ppm) was in T4. The total Fe
concentration was significantly variable among the
treatments. The highest Fe accumulation (19.9 ppm) was
found in T5 which was followed by T2 (19.59 ppm).
The lowest accumulation (8.78 ppm) was in the control
(Fig. 4b). Among the plant parts, the highest mean Pb

T4 T5

T4 T5
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concentration (1.02 ppm) was found in the stems followed by the
roots (0.73 ppm) and lowest (0.27 ppm) in the leaves (Fig. 4c). The
lead concentration in the stems was significantly influenced by
the different treatments (p<0.05). The highest Pb accumulation
(1.62 ppm) was found in T2 followed by T5 (1.22 ppm) and the
lowest one (0.19 ppm) was in the control (Fig. 4c).

The total Pb concentration ranged from 0.46 to 2.68 ppm, being
highest in T5 followed by T2 (2.52 ppm) and T4 (2.49 ppm). The
lowest concentration (0.46 ppm) was in the control. As lead is
potentially toxic element, before remediation it is wise not to use
sawdust contaminated soil for food crops production. The roots
showed highest Zn concentration (3.26 ppm) followed by the leaves
(2.44 ppm) and the lowest one was in the stems (1.87 ppm) (Fig.
4e). In the case of roots, the highest accumulation (4.89 ppm) was
found in T2 followed by T5 (3.52 ppm) and T4 (3.40 ppm). There
was no significant difference of Zn concentration in the leaves
among the treatments (Fig. 4e). In leaves, T2 also showed highest
Zn concentration (2.78 ppm) followed by T3 (2.57 ppm) and was
lowest (2.10 ppm) in the control. The total Zn accumulation ranged
from 4.84 to 8.25 ppm, the highest content in T5 followed by T4
(7.8 ppm) and T3 (7.74 ppm). The lowest Zn accumulation (4.84
ppm) was in the control.

Aluminium accumulation was also significantly different among
the treatments (p<0.05). In the case of roots, TS showed highest
accumulation (18.28 ppm) followed by T2 (14.23 ppm) and T4 (14.23
ppm). The lowest accumulation (6.54 ppm) was in the control (Fig.
4d). T2 showed maximum Al accumulation (5.98 ppm) in the stems
followed by T5 (5.35 ppm) and lowest (3.37 ppm) in the control.
Among the plant parts, the roots exhibited highest absorption

(12.77 ppm) followed by the stems (4.34 ppm) and lowest (3.03
ppm) in the leaves. The total Al concentration was also
significantly different among the treatments. TS showed highest
total accumulation (27.57 ppm) followed by T2 (25.86 ppm) and
the lowest one (12.04 ppm) was in the control (Fig. 4d). It was
found that Al accumulation in the roots increased with increase in
sawdust content in the growth media. Accumulation and
distribution of heavy metals in plant tissues are important to
evaluate the role of plant in remediation of heavy metals in soils %.
Though nutrient accumulation by P. indica is small, more plants
can be planted in a specified area. Moreover, the plant frequently
can be harvested because duration of the plant is very short.

Translocation factor of heavy metals: The translocation factor
of heavy metals was significantly influenced by the different

treatments (p<0.05). In the case of lead, the highest translocation
factor (2.65) was found in T2 followed by T1 (1.82) and the control
(1.77) (Fig. 5a). The lowest translocation factor (1.39) was in T4.
Treatment T2 also showed maximum translocation factor (1.62) of
Zn which was closely followed by the control (1.60) and the lowest
one (1.00) was in T1 (Fig. 5b). In the case of Fe and Cu, the highest
translocation factor (3.20 and 7.67 for Fe and Cu, respectively)

was observed in the control (Fig. 5c-d). The lowest translocation
factor (0.55 and 0.22 for Fe and Cu, respectively) was in T4. The
minimum translocation factor was in T4 and T5, which may imply
the restriction in soil-root and root-shoot transfer at higher metal
concentrations in the soil. Similar results were found by Yoon et
al* (Fig. 5). Majid et al.*' also reported lowest TF at higher metal
concentration at Justicia gendarussa cultivation in textile sludge

contaminated soil.
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Figure 4. Copper (a), iron (b), lead (c), aluminium (d) and zinc (¢) accumulation in different parts
of Pluchea indica L. as influenced by different treatments. Growth media indicates different
proportion of sawdust sludge and soil such as TO =100% soil, T1 =80% soil +20% contaminated
sawdust, T2 = 60% soil + 40% contaminated sawdust, T3 = 40% soil + 60% contaminated
sawdust, T4 =20% soil + 80% contaminated sawdust, T5=100% contaminated sawdust. Means+ SE

are shown in error bar (p = 0.05).
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sawdust. Means = SE are shown in error bar (p = 0.05).

Conclusions

The best growth performance in terms of height, basal diameter
and number of leaves was found in 40% sawdust in combination
with 60% soil. This combination also produced highest biomass.
The maximum reduction of Cu and Zn was found in 80% sawdust
contaminated media, Fe and Al in the control while Pb was in T5
(100% sawdust). Cu, Fe and Al were highly concentrated in the
roots, Pb both in stems and roots while Zn was concentrated both
in roots and leaves. P. indica was found to have a potential to
accumulate sufficient amounts of Cu, Fe, Al, Pb and Zn in the
roots, leaves and stems. Control to medium contaminated soil
showed maximum translocation factor. The species was able to
tolerate and accumulate sufficient amount of heavy metals. Being
anon-food plant P, indica can be an ideal option to be grown for
phytoremediation in multi-metal contaminated sites. A field
experiment also needs to be conducted to confirm the results of
this glasshouse study.
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