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Abstract

The present study focuses on the use of Datura metel, L. as an effective and efficient adsorbent
for the heavy metal treated Eleusine coracana, Gaertn. The seedlings of Eleusine coracana,
Gaertn were treated with various concentrations of heavy metal ions and their impact on the
growth; biochemical and enzyme characters were studied. After the treatment with different
concentration of lead acetate (2mM, 4mM, 6mM, 8mM, 10mM) the growth parameter such as
leaf area, fresh weight, dry weight, shoot and root lengths were decreased than the control.
Biochemical parameters such as chlorophyll, carotenoids, soluble sugar, and protein content also
decreased with the increase in the concentration of lead acetate. But the content of free amino
acid, proline, phenol and leaf nitrate increased with the increase in the concentration of lead
acetate. The activities of enzyme such as catalase and peroxidase were found to be increased
with the increase in the concentration of lead acetate. Application of low cost bioadsorbent
(Datura metel, L.) in different concentrations (2gm/L, 4gm/L, 6gm/L) on 6mM lead acetate
treated plants has shown the stress relieving effect caused by lead acetate. The results revealed
that Datura metel, L. a road side weed plant have good potential as an adsorbent for the removal

of toxicity caused by lead.
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Introduction

Heavy metals are metallic elements which have a high atomic weight and density much greater
than water. Heavy metals are essential for the growth of plants in low concentration. But become
toxic when the concentration limit exceeds. Many heavy metals are essential for the growth of
the plants in low concentrations but they become toxic only when the concentration limit
exceeded. Heavy metals influence and interfere with a variety of processes in higher plants such
as protein and enzyme synthesis, disturbances in cytokinesis, lowering of DNA synthesis and
stability. All plants have the ability to accumulate “essential” metals such as Ca, Co, Cu, Fe, K,
Mg, Mn, Mo, Na, Ni, Se, V and Zn from the soil solution and plants need these elements in
different concentrations for their growth and development. This ability also allows plant to
accumulate other “non-essential” metals (Al, As, Au, Cd, Cr, Hg, Pb, Pd, Pt, Sb, Te, T and U)
which have no known biological functions (Djingova and Kuleff, 2000). Moreover, metals
cannot be broken down and when concentrations inside the plant cells accumulate above
threshold or optimal levels, it can cause direct toxicity by damaging cell structure (due to
oxidative stress caused by reactive oxygen species) and inhibit a number of cytoplasmic enzymes
(Assche and Clijsters, 1990). In addition, it can cause indirect toxic effects by replacing essential
nutrients at cation exchange sites in plants (Taiz and Zeiger, 2002). Geological and

anthropogenic activities are the sources of heavy metal contamination (Dembitsky, 2003).

In the present study, it was aimed to find out the impact of various concentration of lead acetate
and the effect of varying amount of dried natural biomass of Datura metel, L with 6mM lead on

the growth and biochemical characteristics of Eleusine coracana, Gaertn.
Materials and Methods

Seedling of Eleusine coracana were treated with various concentration of lead acetate (2mM,
4mM, 6mM, 8mM, 10mM). After ten days, various morphometric and biochemical characters
were analysed. The natural weed plant (Datura) was collected from the road side. It was shade
dried, finely powdered by milling and various concentrations (2, 4 and 6 gm/L) were prepared
with 6mM solutions of lead. After 10 days all the growth and biochemical parameters were
analysed. After ten days old plants of Eleusine coracana were used for measuring the growth

parameters such as shoot length, root length, Leaf area, fresh weight, dry weight and for

Murugalakshmi kumari 2016 1046



Volume: 2; Issue: 12; December-2016. ISSN: 2454-5422

analyzing the Biochemical parameters such as Chlorophyll a, b, Total Chlorophyll and
Carotenoid (Wellburn and Lichtenthaler, 1984). Anthocyanin content (Mancinell ef al., 1973).
Total soluble sugar (Anthrone method) protein content (Lowry ef al., 1951), aminoacid content
(Jayaraman, 1981) proline content (Bates et al., 1973), phenol content (Bray and Thorpe, 1954)
in vivo nitrate reductase activity (Jaworski, 1971) Catalase (Kar and Mishra, 1976) and

Peroxidase activity (Addy and Goodman, 1978).
Results

Effect of five different concentrations (2mM, 4mM, 6mM, 8mM, and 10mM) of lead acetate on
the growth, biochemical and enzyme activities are represented in Table 1 to 4. The results shows
that growth parameters such as root length, shoot length, Leaf area, fresh weight and dry weight

decreased with the increase in the concentration of lead.

Similarly Chlorophylls, Carotenoid, Total Soluble Sugar, protein and NR activity also shows a
declining trend. In contrary the pigment Anthocyanin total free amino acid, proline, phenol and
the antioxidant enzyme such as peroxidase and catalase increases with the increase in the metal
concentration. Bioadsorption studies shows that the growth parameters such as root length, shoot
length, Leaf area, fresh and dry weight of the plant were increased by increasing the amount of
dried biomass of Datura with 6mM lead acetate solution treated Ragi plants (Table 5). The
optimum recovery was observed even at 2mg/L of Datura powder in 6mM metal solution

compared to that of metal treated control.

The chlorophyll and carotenoid contents had been significantly increased after the application of
treated metal solution in Eleusine coracana seedlings. The anthocyanin content was decreased

on application of bioadsorbent treated metal solution seedlings (Table 6).

Total soluble sugar and soluble protein contents were significantly increased in the seedlings
after the application of treated heavy metal solution. In contrary, total free amino acid proline
and phenol contents were reduced after the application of treated lead solution (Table 7). The
activities of enzymes such as catalase and peroxidase in the Eleusine coracana seedlings had
been reduced after the application of treated metal solution, where as the nitrate reductase

activity was increased significantly (Table 8).
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Discussion

In the present investigation growth characteristics such as shoot length, root length, fresh and dry
weight, and leaf area of the seedlings were increased in biosorbent treated Eleusine coracana
than in the untreated metal solution applied plants. The present findings coincide with the earlier
findings, that the growth and yield are enhanced by the application of bioadsorbent treated metal
solution in Abelmoschus esculentus (Thirumaran et al., 2009). The removal of heavy metals
from our environment is now shifting from the use of conventional adsorbents to the use of
biosorbents. Biosorbents are prepared from naturally abundant biomass. This feature offers a
convenient basis for the production of biosorbent particles suitable for sorption process.
Mengistie et al., (2008) studied that removal of lead (II) ions from the aqueous solution using

Militia jerruginea plant leaves.

Quiser et al., (2007) reported the removal of hexavalent chromium and lead by exploiting metal
adsorbent capacity of Ficus religiosa leaves powder. Leaves have chlorophyll, carotene,
anthocynanin and tannin which contribute to metal sorption. The important features of these
compounds is that they contain hydroxyl, carboxylic, carbonyl, amino acid, nitro groups which
are important sites for metal sorption. Fourier Transform Infra Red (FTIR) spectra of Ficus
reliagiosa leaves indicated the presence of these functional groups. This indicates that the
biosorbents are effective in reducing the stress impact. The results of the study clearly indicates
that addition Datura biomass reduces the toxic effect and thereby promotes the growth of
Eleusine coracana . The dry Datura biomass in 6mM lead caused an increase in pigment content
than the control lead treated plants. An increase in protein content and decrease in free
aminoacid and Proline after the application of dry Datura biomass powder in 6mM lead observed
in the present study indicates the active promotive nature of weed plant extracts on plant growth

and metabolism.

Peroxidase and catalase are the enzymes responsible for scavenging the plant materials from the
stressed impact. Upon the addition of dried biomass of Datura in 6mM lead treated seedlings of
Eleusine coracana, these enzyme activities decrease considerably than in plants treated only with
the said metal. The present study shows that, the toxic effects of nickel on plants can be almost

removed by the addition of dried seaweed biomass.
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Conclusion

Conventional methods of removal are expensive and hence the uses of low cost abundant
environment friendly biosorbents have been tested. The present investigation on the use of dried
weed biomass available in large quantities for removal of heavy metals has tremendous potential
as an economic effective safe alternative. Innovative, economically feasible and novel biomass
regeneration and conversion of the recovered metal into usable form are the best options to

attract more usage of biosorbents.

The result of the present investigation clearly shows that the used weed plant Datura metel, L.
can efficiently remove the toxicity of lead from the soil. Hence we strongly suggest that
Datura metel, L. can be used as a biosorbent of heavy metal in the metal polluted environment

for sustainable agriculture.
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Table: 1 Effect of Various Concentrations of Lead acetate on the Growth of Eleusine coracana, Gaertn.

S.No | Parameters Control 2mM 4mM 6mM 8mM 10mM

. Shoot 6.4 +0.03 6.1 +0.02%* 5.9 +0.03** 5.6 +0.01** 5.4+0.02%* 5.03 +0.07**
length (cm) | (100) (95) (92) (88) (84) (79)

5 Root length | 15.1 +0.09 9.6 +0.07** 7.08 +0.02%* 6.3 +0.06** 2.6 +0.08** 1.3 +0.01**
(cm) (100) (64) (47) (42) (17) ©)

; Fresh 0.074 +0.002 | 0.04 +0.001** | 0.03+0.038** 0.036+0.004** | 0.02 +0.001** | 0.01+0.007**
weight (g) | (100) (57) (52) (49) (29) (14)

A Dry weight | 0.01+0.007 0.007 +0.01** | 0.005+0.002** | 0.0043+0.02** | 0.003 +0.04** | 0.001+0.002**
(2 (100) (70) (50) (43) (30) (10)

s Leaf Area | 1.07+0.02 0.6 +0.009** | 0.5+ 0.04** 0.4 +0.01** 0.3 +0.007** | 0.1 +0.01**
(cm2) (100) (56) (47) (37) (28) (18)

Values are an average of ten observations. Values in parentheses are percentage activitywith respect to control. Mean (£) SE. **

Sigfinicance at P < 0.01 level.
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Table : 2 Effect of Various Concentrations of Lead acetate on the Pigment Content of Eleusine coracana, Gaertn.

S.No Parameters Control 2mM 4mM 6mM 8mM 10mM
L Chlorophyll a 2426 +0.011 | 2.183+0.021%** 5 13440.01 1 ** 1.649 £0.10** | 1.4794£0.003** | 1.213 £0.001**
(mg/gLFW) (100) (90) (88) (68) (61) (50)

) Chlorophyll b 1.944 £0.003 | 1.594 £0.071** | 1.438 £0.012** | 1.30 £0.014** | 1.127£0.013** | 0.758 +0.03**
’ (mg/gLFW) (100) (82) (74) (67) (58) (39)

3 Total Chlorophyll | 4.370 £0.001 | 3.777 £0.012** | 3.572 £0.003** | 2.949+0.071** | 2.606+0.011** | 1.971 £0.012**
' (mg/gLFW) (100) (87) (84) (67) (59) (46)

4 Carotenoid 2.149 £0.002 | 2.02 £0.004** 1.805 £0.002** | 1.72 £0.001** | 1.611+£0.012** | 1.375£0.001**
’ (mg/gLFW) (100) (94) (84) (80) (75) (64)

5 Anthocyanin 1.023 £0.01 1.125 £0.001** | 1.166 £0.024** | 1.411 £0.01** | 1.493 £0.03** 1.565 +0.03**
’ (mg/gLFW) (100) (110) (114) (138) (146) (153)

Values are an average of three observations. Values in parentheses are percentage activity with respect to control. Mean (£) SE. **

Sigfinicance at P < 0.01 level.
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Table : 3 Effect of Various Concentrations of Lead acetate on the Biochemical Characteristics of Eleusine coracana, Gaertn.

S.No Parameters Control 2mM 4mM 6mM 8mM 10mM

Total soluble

N sugar 13.41 £0.102 | 11.93 £0.021** | 9.52 £0.015** | 7.51 £0.11** 6.43 £0.12** | 5.22 +£0.012**
(mg/g LFW) (100) (89) (71) (56) (48) (39)

5 Protein 13.53 £0.02 10.9 £0.074** 10.41 £0.14** | 9.06 £0.10** 7.98 £0.016** | 7.30 £0.016**
(mg/g LFW) (100) (81) (77) (67) (59) (54)
Amino acid 3.245 +0.001 | 3.89 +0.01** 4.41+0.013** | 4.890 £0.012** | 532 +0.001** | 5.54 +£0.05**

> (n mole/g LFW) | (100) (120) (136) (159) (164) (171)

A Nitrate 256.5+£0.015 | 282.1 £0.013** | 318.0+0.011** | 325.5+0.032** | 348.8 +£0.02** | 359.1 +£0.02**
(mg/g LFW) (100) (110) (124) (127) (136) (140)

5 Proline 1.153 £0.003 | 1.279 £0.005** | 1.33 +£0.024** 1.418 £0.016** | 1.54 £0.021** | 1.6 9 +£0.021**
(mg/g LFW) (100) (111) (115) (123) (134) (147)
Phenol 3.26+0.012 3.78 £0.042*%* | 4,17 £0.013** | 4.423 £0.012** | 4.66 £0.001** | 4.82 +£0.001**

N (mg/g LFW) (100) (116) (128) (136) (143) (148)

Values are an average of three observations. Values in parentheses are percentage activity with respect to control. Mean (£) SE. **

Sigfinicance at P < 0.01 level.
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Table: 4 Effect of Various Concentrations of Lead acetate on the Enzyme activities of Eleusine coracana, Gaertn.

S.No Parameters Control 2mM 4mM 6mM SmM 10mM

Nitrate reductase | 581.4+0.011 | 505.8 £0.013%* | 4593 £0.021%* | 406.9 +0.001%* [ 3. 1w | 337.20.016**

(w mole/g LEW) | (100) (87) (79) (70) (63) (58)

Catalase activity | 2.834 +0.002 | 3.174 £0.10** | 4.052 £0.01** | 4.61 £0.012** | 4.846 +£0.14** | 4987 £0.012**

(u mole/g LFW) | (100) (112) (143) (163) (171) (176)
Peroxidase
o 0.389 +£0.016 | 0.420 £0.01** | 0.501 £0.013** | 0.552 £0.001** | 0.587+0.021** | 0.602 £0.021**
activity
(100) (108) (129) (142) (151) (155)
(1 mole/g LFW)

Values are an average of three observations. Values in parentheses are percentage activity with respect to control. Mean (£) SE. **

Sigfinicance at P <0.01 level.

Murugalakshmi kumari 2016 1054




Volume: 2; Issue: 12; December-2016. ISSN: 2454-5422

Table: 5 Effect of Datura with Lead acetate on the Growth of Eluesine coracana, Gaertn.

S. No. Parameters Control (water) 6Mm 2g/L(W/V) 4g/1L(W/V) 6g/L(w/v)
6.4 +£0.002 5.6 £0.015%* 7.3 £0.10%* 8.5+ 0.021** 10.2 £0.012%*
l. Shoot length (cm)
(100) (88) (115) (133) (159)
5 Root length (cm) 15.1£0.013 6.3 £0.013** 16.6 £0.013** | 21.4+£0.01** 22.3£0.012%*
' (100) (42) (110) (138) (148)
; Fresh weight (g) 0.074 £0.02 0.036+0.012** | 0.0831£0.004** | 0.103 £ 0.01** 0.105 £ 0.013**
. (100) (49) (112) (139) (142)
A Dry weight (g) 0.0124 £0.012 | 0.0053£0.001** | 0.0148 £ 0.12** | 0.0182 £ 0.01** 0.0199+0.001**
. (100) (43) (119) (140) (143)
1.07£0.011 0.14 £ 0.002** | 1.295£0.001** | 1.68 £ 0.014** 1.75 £ 0.002%*
5. Leaf area (cm2)
(100) (37) (121) (157) (164)

Values are an average of ten observations. Values in parentheses are percentage activity with respect to control. Mean (£) SE. **

Sigfinicance at P < 0.01 level.
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Table: 6 Effect of Lead acetate with Datura on the Photosynthetic Pigment Content of Eleusine coracana, Gaertn.

S. No. Parameters Control (water) 6mM 2g/L(W/v) 4g/L(W/V) 6g/L(W/V)

| Chlorophyll a 2.426 £0.016 1.649 £0.016** | 2.134 £0.014** | 2.353 +0.1** 2.983 £0.021**
(mg/gLFW) (100) (68) (88) 97) (123)

5 Chlorophyll b 1.944 £0.1 1.3 £0.01** 1.594 £0.026** | 1.924 £0.071** | 2.313 +£0.005**
(mg/gLFW) (100) (67) (82) (99) (119)

; Total Chlorophyll 4.370 +£0.05 2.949 £0.002** | 3.728 £0.013** | 4.277 £0.11%** 5.296 +0.04%**
(mg/gLFW) (100) (67) (85) (98) (121)

A Carotenoid 2.149 £0.21 1.992 £0.011** | 1.912 £0.021** | 2.17 £0.17** 2.514 £0.101**
(mg/gLFW) (100) (80) (89) (101) (117)

5 Anthocyanin 1.023 +0.11 1.411 £0.15%* 1.266 £0.004** | 1.156 £0.041** | 1.107 £0.21**
(mg/gLFW) (100) (138) (103) (94) (90)

Values are an average of three observations. Values in parentheses are percentage activity with respect to control. Mean (£) SE. **

Sigfinicance at P < 0.01 level.
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Table: 7 Effect of Lead acetate with Datura on the Biochemical Characteristics of Eleusine coracana, Gaertn.

S. No. Parameters Control 6mM 2g/L(w/v) 4g/L(W/v) 6g/L(w/v)
(water)

. Total soluble sugar | 13.41+£0.102 7.51 £0.121%* | 12.73 £0.018** 17.70 £0.002** 18.5 £0.13**
(mg/g LFW) (100) (56) (95) (132) (138)

5 Protein 13.53 £0.002 9.06 £0.031** | 12.31 £0.014** 16.91 £0.016** 18.94 £0.10**
(mg/g LFW) (100) (67) 91) (125) (140)

; Amino acid 3.245 +0.001 4.89 £0.01** 3.885 £0.12%* 2.945 £0.004** 2.265 £0.01%**
(u mole/g LFW) (100) (151) 12.0 91) (70)
Nitrate 256.5 +0.015 325.5£0.012** | 253.95+0.035** 184.65+0.001** 164.15+0.002**

* (mg/g LFW) (100) (127) (99) (72) (64)
Proline 1.15+0.003 1.42 £0.015%* | 1.164 £0.1** 0.807 £0.14** 0.801 £0.003**

> (mg/g LFW) (100) (123) (101) (70) (68)

. Phenol 3.26 £0.012 4.42 £0.021** | 3.749 £0.031** 2.738 £0.011** 2.379 £0.132%%*
(mg/g LFW) (100) (136) (115) (84) (73)

Values are an average of three observations. Values in parentheses are percentage activity with respect to control. Mean (£) SE. **

Sigfinicance at P < 0.01 level.
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Table: 8 Effect of Lead acetate with Datura on the Enzyme Activities of Eleusine coracana,Gaertn.

Control
S. No. Parameter 6mM 2g/L(W/v) 4g/L(W/V) 6g/L(w/v)
(water)

. Nitrate reductase | 581.427 £0.011 | 406.9 £0.015** 546.5 £0.015** | 761.6 £0.001** | 819.8 £0.022**
(n mole/g LFW) | (100) (70) (94) (131) (141)

5 Catalase activity | 2.834 £0.002 4.61 £0.012** 3.54 £0.004%* | 2.52 £0.1** 2.04 £0.025**
(n mole/g LFW) | (100) (163) (125) (89) (72)
Peroxidase

o 0.389 +0.018 0.552 £0.011** 0.435 £0.034** | 0.299 £0.012** | 0.264 £0.011**

. activity (100) (142) (112) (77) (68)

(n mole/g LFW)

Values are an average of three observations. Values in parentheses are percentage activity with respect to control. Mean (+) SE. **

Sigfinicance at P <0.01 level.
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