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Abstract

Metal contamination of soil due to industrial and agricultural activities is increasingly becoming
a global problem, thereby affecting animal and human life, thus rendering soil unsuitable for
agricultural purposes. Remediation of cadmium (Cd) contaminated soil (Vertisol) using
agricultural by products as source of organic amendments, Coir pith- a by-product of the coir
industry and Prosopis charcoal- prepared by burning Prosopis plant wood (Prosopis juliflora L.)
was investigated. The alleviation potential of Prosopis charcoal and Coir pith on the negative
effects of Cd in soil was evaluated in pot culture experiments with Vigna radiata as the test plant,
a Cd accumulator. Cadmium addition to soil resulted in accumulation of Cd in all plant parts of V.
radiata predominantly in roots. The influence of Cd in the presence and absence of organic
amendments on the various biological and chemical parameters of the soil, on the levels of Cd
accumulation and on the growth attributes of V. radiata has been assessed. Among the organic

Article Info amendments, Prosopis charcoal was found to be more effective in reducing the bioavailable
levels of Cd in the soil artificially spiked with Cd in graded concentrations of 0, 5, 10, 20, 40, 60,
80 and 100 pg g1 and its accumulation in V. radiata, thus resulting in an increase in the root, leaf
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Introduction

Soil contamination with heavy metals are increasing on a global scale due to waste emissions from industrial
production, mining activities, waste (i.e, biosolids and manure) application, wastewater irrigation, and
inadequate management of pesticides and chemicals in agricultural production (Bolan et al., 2004; Mench et
al, 2010). Soil heavy metal pollution poses a risk to the environment and to human health (Roy and
McDonald, 2014) due to biomagnifications. Soil pollution with heavy metal has a malicious effect on soil
microbial properties (Yang et al., 2012) and on the taxonomic and functional diversity of soils (Vacca et al,,
2012). While some of these elements are essential for living organisms certain others are non-essential.
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Among them Cd, at present is receiving the largest attention as the most important metal in the soil pollution
problem because of the very narrow gap existing between the level of its consumption through many crops
and the level at which it causes significant human health effect. All commercial Cd is a by-product of Zinc
production, and there are no ores mined and processed exclusively for Cd. It occurs widely in nature in small
amounts. Many anthropogenic activities such as mining and metal processing operations, burning of fossil
fuels, production and use of phosphate fertilizers, heating systems, industrial waste disposals, sewage sludge
disposals on land, waste incinerators, urban traffic, cement factories, electroplating operations, pigment
production and cadmium-nickel battery production units (Mhatre and Pankhurst; 1997; Sanita di Toppi and
Gabbrielli, 1999) are the sources of Cd to soils.

At present, remediation methods for heavy metal contaminated soil include physical, biological and
chemical treatments. Among them, chemical remediation typically employs soil amendments which can
reduce their bioavailability through a variety of reactions. The technology relies on choosing an economic
and effective amendment (Mercier and Detellier, 1995). Many scientists have studied the adsorption of heavy
metals on clay minerals including zeolite, sepiolite, attapulgus, illite, montmorillonite and other natural clay
minerals or modified forms, and have found that they have great potential to remove heavy metals from
water (Liu and Gonzalez, 1999; Liu 2007; Missana et al., 2008; Bailey et al., 1999; Gworek, 1992). These clay
minerals are low cost materials and offer an attractive and inexpensive remediation option. They are
abundant and cheap, with negatively charged layered aluminosilicates that make them good cationic
adsorbents because of their relatively large surface areas (Wu et al,, 2009). In recent years, researchers have
used clay minerals in the remediation of heavy metal contaminated soil and achieved positive results
(Haidouti, 1997; Zorpas et al., 2000; Nissen et al.,2000; Gar¢la et al., 1999).

Organic amendments have also been used in the remediation of heavy metal contaminated soils (Herwijnen
et al., 2007). Application of organic matter in forms such as cattle manure, pig manure, chicken manure, peat
and crop straw are inexpensive, highly available and feasible in the restoration of heavy metal contaminated
soils. It was shown by Sauvé et al. (2003) that the adsorption ability of heavy metals on soil organic matter is
30 times that of the clay minerals, so soils with high organic matter contenthad a higher adsorption
capacity and could effectively reduce the mobility of heavy metals. The stability of the complex will influence
the bioavailability and extraction of heavy metals by plants. In addition, the organic materials can affect the
acidity and redox properties of the soil (Walker et al, 2003; 2004). Although in-situ remediation with
amendments for heavy metal contaminated soils is widely studied, the impact of organic matter on the
element retention is case specific and generalizations are difficult to make (Kumpiene et al., 2008).

In the present investigation, a pot experiment was conducted to screen for environmentally friendly and low
cost soil amendments which will be capable of remediating Cd contaminated soils. Organic amendments are
known immobilizers of metals in the soil environment. However, their efficiency has to be assessed using a
plant species, specifically an accumulator or hyperaccumulator. Hence, in this study, the influence of Cd in
the presence and absence of organic amendments on the various chemical and biological parameters of the
soil, on the levels of Cd accumulation and on the growth attributes of V.radiata has been assessed.

Material and Methods

Soil (alfisol) used in this study was sampled from the agricultural land in, Coimbatore, India. It is
characterized by clay loam in texture, bulk density 1.3 g cc't, pH 6.9 (1:2.5 soil water suspension), electrical
conductivity 0.38 mS cm-! and organic carbon (0OC) 0.68 %. The soil was air-dried under shade and sieved
through 1 mm sieve for analysis of various soil properties. Soil-available nutrient and metal concentrations
in micrograms per gram were Cu 2.98, zinc 4.12, iron 4.84, manganese 92.78, cadmium 0.98, nitrogen (N)
1.30%, phosphorus 0.018 %, potassium (K) 0.010, R0z 8.76 %. Coir waste and Prosopis charcoal powder
were used as soil amendments. Coir pith, a by product of the coir industry, was obtained from agricultural
lands and Prosopis charcoal, prepared by burning the Prosopis plant wood (Prosopis juliflora L.) was obtained
from commercial sources. The materials were dried, sieved through a 2mm sieve to obtain uniform particle
size and used for this study. Physico-chemical characteristics of raw Coir pith and Prosopis charcoal are
given in Table 1.

Pot culture experiments

Ten Kilogram of soil mixed with varying concentrations of organic amendments (50, 125, 250 g/10kg of
soils) were filled in earthen pots (27cm height by 29cm diameter) lined with polythene sheet. The soils were
spiked with graded concentration (0, 5, 10, 20, 40, 60, 80 and 100 pg g!) of cadmium chloride (CdCl..H:0)
(AR grade) solution and mixed thoroughly, and fertilized with a standard basal fertilizer (0.313 g of N and
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0.782 g of P to 10 kg soil). All treatments were performed in triplicate. The soils were given two wetting and
drying cycles over a 2 weeks period to ensure better contact between the soil and the heavy metal. One day
prior to planting, the soil treatments were remoistened with water and the seeds of green gram, Vigna
radiata were planted at a rate of 6 seeds per pot at a depth of 0.5 cm. The seedlings were thinned to three
per pot 15 days after growth. The pots were arranged in complete randomized design (CRD) and maintained
under green house conditions.

Table 1. Composition of organic amendments

Composition Raw Coir Pith Prosopis charcoal
Cadmium (ug/g) 0.06 0.18
Nitrogen (%) 0.26 0.46
Phosphorous (%) 0.01 0.02
Potassium (%) 0.78 2.85
Organic carbon (%) 234 73.8
Lignin (%) 30 -
Cellulose (%) 26 -
Calcium (%) 0.40 1.85
Magnesium (%) 0.36 0.52
Iron (ppm) 0.07 2.30
Manganese (ppm) 12.50 42.80
Zinc (ppm) 7.50 26.50
Copper (ppm) 3.10 6.92
C:N ratio 112:1 160:1
pH 6.36 9.82
EC (millimhos/ cm) 0.4-1 3.81

Plant and soil analysis

The plants were harvested 65 days after sowing. Roots were carefully removed from the pots, shaken free of
soil in a manner so as to minimize the loss of nodules and washed with distilled water, air dried for 48 hrs,
and then dried in an oven at 60 2C for 48 hrs. The dried samples were ground and digested with HNO3, H2SO4
and HCIO4 at the ratio of 9:2:1 (Piper, 1966) prior to estimation of their mineral and Cd content. The sub
samples of roots were taken for the measurement of mycorrhizal colonization. Arbuscular myccorhizal
colonization was estimated employing the method of Muthukumar et al. (1996). Soil samples were air-dried
and sieved (2mm) before chemical analysis. The soil Cd were extracted in DTPA solution (Lindsay and
Norvell, 1978). Soil and plant Cd was measured using Atomic Absorption Spectrophotometer (Pyeunicom
SP9, Philips, UK). Bacterial population was measured employing standard method (Jha et al., 1992).

Cadmium sorption

Sorption of Cd by different amendments added soil, was performed by weighing 2g soil in 100 ml plastic
bottles and equilibrated with 20ml of 0.01M Ca(NOs). solution containing graded levels of Cd (5, 10, 20, 40,
60, 80, 100 pg/g as CdCl; solution. The soil suspension was equilibrated for 24 h at 25 + 2 on an
environmental shaker. After equilibrium time (24hrs), the suspension was centrifuged and concentration of
Cd in the supernatant was determined using AAS. Amount of Cd adsorbed was calculated by the difference
between the amount of Cd added and that remaining in the solution (Adhikari and Singh, 2003).

Statistical analysis

The soil quality parameters and the growth parameters of green gram grown on soil with different organic
amendments were subjected to analysis of variance and the means were separated using Duncans Multiple
Range Test (DMRT) (Alder and Roessler, 1977). Percent values of mycorrhizal colonization were arcsine
square root transformed and spore data were log transformed prior to statistical analysis. The results were
expressed as mean =SD and the interrelations between parameters were assessed using correlation test.

Results and Discussion

Cd sorption

Sorption of Cd as measured by the percent removal of Cd from the soil solution increased with an increase in
the concentration of amendments. Maximum sorption amount of Cd was highest in Prosopis charcoal
compared to coirpith. The sorption data fitted well with the Freundlich model,
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log qe =log Kr+ 1/n log Ce
Where, Ce is the equilibrium concentration of metal in solution (mg/L), qe is the amount of metal sorbed

onto the soil and organic materials (mg/g), and Kf and 1/n are Freundlich constants, which corroborates
with the results of Kalmykova et al. (2008).

Cadmium toxicity on soil

Cadmium addition to soil increased the bioavailable Cd in the soil and thereby its accumulation in plant parts
of Vigna radiata. The DTPA extract of Cd increased (80 to 3026%) (Figure 1) with increasing soil
amendment concentration of Cd (5 to 100 pg g'1). With increasing level of Cd in soil, pH, the most important
chemical factor governing the availability of a heavy metal in the soil (Li et al., 2011) also decreased (Table
2). Cadmium amendment also affected the bacterial population in the soil. The negative correlation that
existed between the soil Cd and bacterial populations was an indication of combined stress of toxicity and
undernourishment to which the bacterial population was subjected to, which resulted in a decrease in its
population with an increase in the concentration of Cd in the soil. The bacterial population of control soil
which was 26 x 103 CFU / g decreased to 4 x 103 CFU / g in response to Cd stress, at Cd treatment
concentration of 100 pg g1.

Table 2. pH of the vertisol treated with Cd and amended with Prosopis charcoal and Coirpith (g/10 kg)

Organic Cd concentration (ug/g)

amendments Control 5 10 20 40 60 80 100
Cd 6.98 6.97 6.96 6.94 6.94 6.90 6.90 6.90
Prosopis 9.82

50 7.61 7.63 7.58 7.52 7.56 7.50 7.46 7.48
125 7.68 7.66 7.66 7.63 7.60 7.58 7.50 7.48
250 7.72 7.64 7.68 7.65 7.64 7.60 7.56 7.52
Coirpith 6.36

50 6.90 6.84 6.88 6.86 6.80 6.82 6.80 6.78
125 6.90 6.86 6.86 6.80 6.81 6.78 6.78 6.72
250 6.86 6.82 6.79 6.76 6.72 6.70 6.70 6.70
Plant attributes

Vigna radiata grown on Cd amended soils resulted in decreased root biomass, dry weight of stems and
leaves. Root biomass decreased from 2.302 g in control plants to 0.082g at Cd concentration of 80 ug g1
(Figure 2). Seed germination was completely arrested at 100 pg g ! Cd treatment. The stem dry weight
decreased from 4.236 g in control plants to 0.503 g at Cd concentration of 80 pg gt (Figure 3) . Leaf biomass
decreased from 3.287 g in control plants to 0.162 g at Cd concentration of 80 ug g (Figure 4). The reduction
recorded in the growth-related parameters may be due to the culmination of the toxic impact of Cd on the
biochemical machinery of the plant. Of the major impacts recorded reduction in root and leaf biomass are of
major concern, since the former is the supplier of soil nutrients and the latter, the biosynthetic machinery of
the plant. In view of their interdependency, both would exert synergistic effect on the plant, thus decreasing
the plant biomass, which increased with increase in Cd concentration. Cadmium accumulation was observed
in roots, stems and leaves of Vigna radiata grown on Cd pretreated soils but accumulation was
predominantly in the roots, as has been reported by number of researchers in different plant species (Gu et
al, 2007, John et al., 2009, Prabha, 2010, Stritsis et al., 2012). The Cd content, showed a manifold increase
with increase in Cd concentration of soil. Cadmium content in roots of control plants was 34.98 pg g-! which
increased to 1045.36 pg g! at Cd treatment concentration of 80 ug g1 (Figure 5). The accumulation indices in
roots, which decreased with increase in Cd concentration, were higher than their respective Cd treatment
controls (Table 3). Stem Cd content increased from 1.787 pg g in control plants to 64.10 pg g! at Cd
treatment concentration of 80 pg g! (Figure 6). The accumulation indices in stems were lower than their
respective Cd treatment controls (Table 4). Leaf Cd content increased from 0.990 pg g-! in control plants to
23.59 pg g1 at Cd concentration of 80 ug g1 (Figure 7). The accumulation indices for roots, stems and leaves
did not show any specific trend in Cd treatments. The accumulation indices, as in stems, were higher than
their respective Cd treatment controls (Table 5). In the control roots, the percentage of hyphal colonization,
arbuscular colonization and vesicle percentage was 39.86%, 9.761% and 36.20% respectively, all of which
recorded a decrease on addition of Cd to soil. Hyphal, arbuscular and vesicular colonization were completely
arrested at 100 pg g! of Cd (Figures 8-10).
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Table 3. Accumulation in roots of Cd in roots of the green gram grown on Cd, Prosopis charcoal, and Coirpith (g/10kg
of soil) amended vertisol.

Organic Cd concentration (ug/g)

amendments Control 5 10 20 40 60 80 100
Cd 56.42 123.22 86.46 79.68 67.82 71.18 63.51 -
Prosopis

50 54.21 138.71 131.75 100.51 78.28 78.70 65.15 -

125 60.62 141.02 133.04 97.79 74.89 59.66 52.42 58.50
250 41.74 138.32 166.65 101.96 84.10 56.49 49.72 52.82
Coirpith

50 48.37 119.06 98.87 95.79 67.27 72.16 49.98 -

125 48.31 148.84 100.58 95.63 65.61 66.20 43.37 -

250 43.84 164.84 95.31 102.84 65.10 70.17 40.69 -

Table 4. Accumulation indices of Cd in the stem of green gram grown on Cd, Prosopis charcoal and Coirpith

Organic Cd concentration (ug/g)

amendments Control 5 10 20 40 60 80 100
Cd 0.051 0.098 0.101 0.080 0.074 0.058 0.061 -
Prosopis

50 0.045 0.080 0.087 0.076 0.067 0.058 0.048 -

125 0.039 0.082 0.089 0.068 0.078 0.072 0.058 0.054
250 0.040 0.074 0.073 0.072 0.073 0.078 0.058 0.059
Coirpith

50 0.053 0.092 0.089 0.072 0.069 0.061 0.057 -

125 0.052 0.087 0.088 0.077 0.074 0.063 0.068 -

250 0.049 0.068 0.086 0.071 0.077 0.64 0.69 -

Table 5. Accumulation indices of Cd in leaves of green gram grown on Cd and Prosopis charcoal, and Coirpith

Organic Cd concentration (ug/g)

amendments Control 5 10 20 40 60 80 100
Cd 0.554 0.453 0.430 0.387 0.445 0.426 0.368 -
Prosopis

50 0.621 0.565 0.470 0.388 0.480 0471 0.424 0.421
125 0.641 0.525 0.468 0.418 0.450 0.485 0.430 0.403
250 0.701 0.548 0.500 0.451 0.446 0.449 0.432 0.377
Coirpith

50 0.618 0.502 0.472 0.383 0.444 0.444 0.444 0.437
125 0.667 0.557 0.469 0.406 0.428 0.422 0.409 0.387
250 0.617 0.578 0.403 0.395 0.406 0.414 0.393 0.391

* Mean concentration in leaves/ mean stems metal concentration

Effects of organic amendments to soil

The application of organic amendments to soil - Prosopis charcoal and coir pith (50, 125, 250 g/10 Kg of
soil) reduced the bioavailable Cd in the soil, the magnitude of reduction being higher for Prosopis charcoal
followed by Coir pith which was 40% and 33% respectively. The bioavailable concentration of a metal
generally depends on the strength of retention factors, strength of removal factors and the quantity of metal
the soil receives at that period of time. In the present study, Cd input was greater than the immobilizing
power of the soil, and the rate at which it is removed by removal factors, hence the higher availability of Cd
in the soil. The observed increase in the DTPA extractable Cd with an increase in Cd addition is a further
proof of the capacity limit of the immobilizing power of the soil. Amendment of soil with Prosopis charcoal
increased the soil pH from 6.90 to 7.52, whereas, Coir pith addition decreased the soil pH from 6.90 to 6.72
(Table 2). The increase in soil pH by Prosopis charcoal is considered efficient as it favours decreased Cd
phytoavailability in the soil. Similar results have been reported by Zhang et al., (2006) where soil pH was
increased by addition of manures to the soil. The DTPA extractable Cd, therefore, was greater in Coir pith
amended soil followed by Prosopis charcoal. The plant uptake of Cd seems to be influenced by the DTPA
extractable Cd level in the soil, therefore, the Cd content of Vigna radiata raised on Coir pith amended soil
was higher followed by Prosopis charcoal.
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Addition of increasing quantity of organic amendments increased the total bacterial population and
Vesicular Arbuscular Mycorrhiza (VAM) in the soil (Fig 11and 13). With Prosopis charcoal (125 and 250 g/
10 Kg), considerable percentage of hyphae, arbuscule and vesicle was observed in the roots even in the
highest treatment concentration of Cd of 100 pg g! (Figures 8-10). The increase recorded at the highest
amendment concentration of Prosopis charcoal and Coir pith was 27 % and 19% in the control soil and in
the Cd pretreated soil it ranged from 45 to 125 % and 27 to 50% compared to treatment controls (Figures 8-
10). The increase recorded at the highest amendment concentration of Prosopis charcoal and Coir pith was
11 % and 5% in the control soil and in the Cd pretreated soil it ranged from 27 to 60 % and 19 to 50%
compared to treatment controls respectively (Figures 8-10). In all the above cases it was observed that the
remediative effect was higher for Prosopis charcoal followed by coir pith. Microbial population depends on
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the availability of organic carbon for its growth and activity, and organic carbon in view of its CEC and high
surface area facilitate adsorptive reduction of bioavailable Cd. Both of which would naturally enhance the
biological activity as is seen from the revival of bacterial population and activity in the organic materials
amended soil. Perusal of the results showed that though organic amendments revived biological activity,
they have not completely restored the activity to its original level, since all the organic materials at the
amendment concentration used have not altogether removed the bioavailable Cd, but only reduced it. The
reason being that no organic material used, even at the highest concentration, had the potential to remove
100 % of the available Cd irrespective of the range of concentration of Cd tested (5 to 100 pg g of soil) and
with increasing Cd concentration, the percentage removal of Cd decreased.
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Effect of organic amendments on growth of plants

Addition of Prosopis charcoal and Coir pith to Cd pretreated soils increased the root biomass from 0.082 g at
80 pg gt Cd treatment to 0.532 g on addition of 250 g of Prosopis charcoal, and to 0.394 g on addition of 250
g of Coir pith (Figure 2). Similarly, an overall increase was recorded in the biomass of the above ground parts
compared to that recorded in the Cd pretreated soil (Figures 3, 4). The observed increase in root biomass,
therefore the increased absorptive surface would have contributed for the increased uptake of nutrients,
which can be evidenced by the increase in plant biomass. Comparatively the increase was greater in leaves
followed by stems. Also, Seed germination occurred in response to Prosopis charcoal, seedlings established
and considerable amount of root biomass was also produced at 100 pg g1 Cd treatment concentration.
Addition of organic amendments have been reported to stimulate soil microbes and their activities
(Frankenberger and Bingham, 1982; Mora et al,, 2005). Research has shown that organic amendments are
effective in the reduction of bioavailable Cd by altering its speciation. Segregation of Cd to different fractions
upon organic amendments depends on the chemical composition and pH of the organic materials used
(Narwal and Singh, 1998, Shuman, 1998). When Prosopis charcoal and coir pith were added to the soils, the
magnitude of decrease of biomass was progressively less with increasing treatment concentration of
Prosopis charcoal and coir pith, the protective effect being higher in Prosopis charcoal than in Coir pith. The
increase recorded in the bacterial population in organic materials amended soils in the presence of Cd in the
present study corroborates with the earlier findings.

Addition of organic amendments, however, did not significantly decrease the Cd content in plant parts
(roots, stems and leaves). Though Cd accumulation level decreased, it was higher than in the control plants.
Among the organic materials, Prosopis charcoal was more efficient in reducing the Cd uptake by Vigna
radiata and thereby its accumulation in leaves and stems. In roots, both Prosopis charcoal and coir pith were
equally effective in reducing Cd content (Figures 5-7).

What is more important in the remediation of Cd contaminated soil using organic amendment is the level of
success achieved in the reduction of soluble and exchangeable Cd and to which fraction it is translocated and
the length of period the organic material remains stable in the soil environment. Coirpith is resistant to
microbial degradation but not totally unbiodegradable. Composting of Coirpith has been achieved using urea
and Pleuroetus species. Prosopis charcoal is the most resistant, and would remain in the soil intact for
centuries, therefore, release of Cd from it depends more on the nature of Cd adsorption rather than by
degradation. Hence, Prosopis charcoal is considered as the best among the organic amendments used in the
study for stabilization of Cd in the soil for longer duration. Further, it is more economical in terms of its
production and use. Such a remediation technique with no direct involvement of any live plant species
would be termed more appropriately as biochemoimmobilization or biochemostabilization technique
encompassing all chemical and biological materials used as stabilizers of heavy metals in the soil.

Conclusion

The present study showed that the increased availability of Cd in the soil for longer duration can be managed
by employing adsorptive surfaces such as organic carbon amendments, the choice of which depends on their
potential to redistribute the soil Cd more in unavailable fractions. The use of organic amendments caused
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revival of biological activity, favored the growth of Vigna radiata, and resulted in a decrease in the Cd
content of Vigna radiata. Among the organic amendments used in this study, Prosopis charcoal was more
effective in reducing the DTPA extractable Cd in the soil and the Cd content of roots, stem and leaves, and
resulting in an increase in the root, leaf and stem biomass. Coirpith was more effective in increasing the total
mycorrhizal colonization of roots and second best in reducing the soil, root, stem and leaf Cd levels.
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