Evaluating the growth potential of Vigna radiata (green gram) using Albizia amara (AA) and Leucaena leucocephala (LL) as a phytoremediator for textile dye (Navy blue dye) simulated soil
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Abstract
 Soil pollution due to textile dye affects the soil fertility, is a cause for demand crop production in agriculture. The present investigation was to evaluate the growth level of Vigna radiata (green gram) before and after simulation of dye in soil. Germination, biometric evaluation (root length, leaf area, shoot length and plant height) and biochemical activity (Total protein, amino acids, DNA, total carbohydrate and amylase activity) were analyzed. All the process carried out with 1% concentration of dye to assess remediating capacity of plant biomass Albizia amara (AA) and Leucaena leucocephala (LL). Use of these adsorbents as phytoremediator could enhance the binding capacity of blue dye to a great extent shows the phytotoxicity of dye upto 1% in soil.

Key words: Phytoremediator, Albizia amara (AA), Leucaena leucocephala (LL), Textile dye (Navy blue), Germination study, Biometric evaluation and Biochemical estimation.

INTRODUCTION
	Textile dye stuffs discharge from industries during the coloration process enters water body and binds the soil increases soil contamination. Approximately 45% dyes are released into the environment during dyeing process making the effluent highly colored and aesthetically unpleasant.(Wang et al., 2002). The dyes which have high water solubility travel towards the land through rivers and sewage  lead to soil contamination and affects food chain which on further destroy the living organisms (Khouni et al., 2010). Hence to protect the plant from potential hazard an eco-friendly technique called phytoremediation, to achieve soil stabilization, minimization of contaminant leaching and aesthetic improvement at cost effect often efficient for heavy metal removal (Nooshin Karimi 2013). The two plant source leaf biomass Albizia amara (AA) and dry pod biomass Leucaena leucocephala (LL) were used as adsorbents to remove navy blue dye in simulated red soil. This study helps to remove the toxicity level in contaminated sites and to improve the plant growth.

MATERIALS AND METHODS
Textile dye
         Navy blue dye was chosen for the study since it is widely used in textile dyeing process. Navy blue dye was purchased from a whole sale supplier near to the dyeing industry in Tirupur. Range finding test was performed and observed the toxicity level of dye was upto 1% and chosen for the further study. Physio chemical properties of textile navy blue dye are characterized for their colour, type is an organic dye, pH-11.6, highly soluble in water, and specific gravity of 0.835 and UV visibility around 620mn and its melting point is above 400ºc was identified and used for the assessment of phytoremediation. 
Selection of soil for the study
      Virgin-red soil is suitable for all plant cultivation, maintains the moisture and texture.  Virgin red soil from Sulur- Coimbatore was selected for the study. It was cleaned of debris and stones and used for the study. Pot study was carried out with 1kg of soil, 1% of dye solution and 250g of phytoremediator.Soil analysis indicates dye contamination can change the macronutrients such as N, P and K content, micronutrient such as copper and manganese, iron and zinc status of the soil. 
Selection of plant material for phytoremediation  
  Albizia Amara and Leucaena leucocephala were selected as plant source for phytoremediation. Plant indexing for both the plant sources was done at BSI index. Albizia amara BSI/SRC/5/23/13-14/Tech-2055 and Leucaena leucocephala BSI/SRC/5/23/10-11/Tech-448. Albizia amara leaves were shade dried, powdered and used. Dry pods of Leucaena leucocephala were powdered and used. The two forms of plant source were studied separately and in combined form in the ratio of 1:2 by weight.


Assessment of plant for phytoremediation
 Co-6 variety of green gram (Vigna radiata) seeds was obtained from TNAU. The seeds were stored, uniform sized seeds were selected for the study. Green gram grows well in any soil and thus was chosen for the study. It was sterilized with 0.5% mercuric chloride and washed thrice with distilled water and air dried for a few seconds before using it for germination study.
Preliminary phytochemical screening of plant biomass
 The phytochemical screening of 50% ethanolic extract of Leucaena leucocephala and Albizia amara were used and identified for further study. The result reveals the presence of Alkaloids (Waldi, 1965), flavonoids (Harborne, 1987), tannins (Evans,1997), phenols and Saponins (Mace 1963), carbohydrates (Ramakrishnan and Rajan1994),proteins(Fischer,1968) and high intensity of flavonoids and phenols.
Seed imbibitions rate
Imbibition study helps to identify the germination process. Seed imbibitions rate of green gram was studied with different concentration of dye with 0.25%, 0.50 and 1%at different time interval upto 5 hours maximum. After each time interval the seed is dried and the weight of seed is calculated before and after imbibition in dye solutions. The percentage of dry weight and wet weight was calculated using the formula (C-T/C*100) and is plotted in graph (ISTA 2002).
Quantitative determination of phenols and flavonoids
	Phenols and flavonoids are important phytoconstituents in plant plays a role in physiological health and molecular mechanisms was quantified using the standard methods used by Cameron et al., 1943. The validation was done and reveals the presence of flavonoids and phenols in AA has 10.5mg catechol and in LL has 9.9mg catechol and 2.9mg catechol.
Seed Germination
            Seed germination is the physiological sense and can be considered to be complete when embryo growth is initiated. Germination percentage of Vigna radiata (green gram) is calculated after the emergence of radical through the seed coat. Germination period was maintained upto   three days. The number of seeds germinated was counted and calculated using the formula, % germination= No: of seedlings/No: of seeds sown×100.

Biometric evaluation of Vigna radiata (green gram)
          The biometric evaluation is the potential tools in monitoring the ecological stress in plants (Tracey et al 1993). Biometric studies of plant Vigna radiata (green gram) was done, (i) root length, (ii) shoot length, (iii) plant height and (iv)leaf area. The measurement was précised using measuring scale and the values were expressed in graph. Leaf area was calculated by measuring length and breadth of leaf as described by Yoshida and Tracey (1993).
Biochemical estimation of Vigna radiata (green gram)
 With the exception of root crops, plant root studies are limited than shoot system. The root systems were maximum accumulation and damage occurs due to dye toxicity was taken as a measure of stress.  Stress influences the evolution of plant shoot, which follows after the advent of roots. Thus soil-root studies are considered more vital and root extract was taken for the following analysis the roots taken for the analysis was from plants grown upto17th day. The biochemical parameters total protein (Lowry(1951), Total carbohydrate(Hedge et al (1962),Amino acids(Jonnes and KIelland 2012,DNA(Pikovskaya R.E(1948)and  amylase (Peter Bernfield (1955) on the root extract of Vigna radiata (green gram) before and after remediation were estimated.
RESULTS & DISCUSSION
Seed Imbibition Rate
 The seed imbibitions study is carried out with Vigna radiata (green gram) with a minimum of 0.25% to a maximum of 1%, concentration of dye. Rate of imbibition reveals the rate of absorption of dye at different time interval as calculated and depicted below in figure1
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          Maximum absorption rate of dye by Vigna radiata (green gram) seed occurs within the first 2hours after which a similar pattern of absorption occurs in control and in dye treated seeds. The rate of imbibition is influenced by the solute rather than the dye present in it. High activity of α-amylase could  causes starch granule damage and changes in the physicochemical properties of starch which could be a contributory reason  in  germinating seeds (Wiwart et al., 2006). This may suggest that at the initial stage of imbibition water penetrates very quickly into the seeds characterized by advanced starch degradation, and equally quickly gets out of them. These processes are not accompanied by changes in seed volume. 
Seed germination
Germinability of plants strongly depends on soil to germinate and grow, so any alterations in the seed development may reflect the presence of toxic substances in the soil. Hence germination test in ecotoxicological assays is considered short-term and evaluates acute toxicity effects (Jacqueline et al., 2013). A study on the percentage germination of Vigna radiata (green gram) on dye treated and remediated with AA, LL and AA+LL was assessed. The soil was amended with different concentration of dye (0.25%, 0.50 % and 1%) was used for germination study of green gram. A reference control was maintained without the dye. Percentage germination was calculated upto the third day after sowing when the maximum activity occurs. 
                [image: C:\Users\USER\Pictures\Seed.jpg]
 Figure 2 reveals the toxicity induced by dye on Vigna radiata (green gram) germination and seedling growth. The results showed that seedling growth is more sensitive to dye than seed germination. Comparing the rate of germination of control, test and remediated, control seeds had 100% germinability whereas test had 35-60% based on the concentration of dye simulated. On remediation with AA, LL and AA+LL the percentage germinability increased above 85% in all concentrations of dye. Vigna radiata (green gram) seed with dye and remediated did not show any inhibitory effect on seed germination at minimum concentration of 0.25%. Though the seeds germinated at 1% dye, they did not survive for longer periods. The better growth was recorded at 0.25% dye concentration.
 The germinability of seeds is importantly related to the agricultural scenario for the removal of dyes which consumes a large area of soil.  It is to evaluate in order to assess the degree of toxicity, since this could affect the viability of seeds.
Biometric Evaluation
	Biometric evaluation of root length, shoot length, plant height and leaf area were assessed in Vigna radiata (green gram) plant grown before and after remediation of dye simulated soil. A pot experiment is carried out with different percentage of dye from minimum concentration of 0.25%, 0.5% and maximum concentration upto 1% to categorize the growth level of (Vigna radiata) green gram using a plant biomass Albizia amara and Leucaena leucocephala.
	Biometric studies explain the development status of root, shoot, plant growth and leaf area of Vigna radiata (green gram). There was a significant change in plants grown in remediated soil compared to dye simulated soil. Thus, the study reveals that the plant biomass AA, LL and AA+LL used as phytoremediator for dye removal helps to promote plant growth in dye contaminated soil upto 1% level. Similar results are observed with, sunflower in Evans blue dye contaminated soil (Huicheng Xie et al., 2014).




Figure 3: Biometric assessment of Vigna radiata (green gram)
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BIOCHEMICAL ANALYSIS OF VIGNA RADIATA ROOT BEFORE AND AFTER REMEDIATION
The biochemical changes observed were for protein, total carbohydrate and DNA. Comparison between control, dye simulated and remediated roots were made. 
Table 1: Comparison of biochemical changes observed between control, test and remediated roots of Vigna radiata before and after remediation
	Groups
	Total protein (mg/g of tissue)
	Amino acids (mg/g of tissue)
	DNA
(mg/g of tissue)
	Total carbohydrates
(mg/g of tissue)
	Amylase
(Units /g of tissue)

	Control(G1)
	28.3±1.18 
	0.16 ±0.01
	1.91± 0.11
	35.1 ±1.41
	59.7± 1.19

	Test(G2)
	16.7±0.97*a
	0.34±0.01*a
	1.03±0.07*a
	10.8 ±1.09*a
	28.9 ±0.80*a

	AA(G3)
	38.8±1.57a*/(ns)
	0.18±0.02 a*/ (ns)
	2.78±0.09 a*/ (ns) 
	30.1± 1.33*a/(ns)
	70.8±1.29*a/(ns)

	LL(G4)
	 36.6±1.39a*/(ns)
	0.14±0.02 a*/(ns)
	2.55±0.08*a/(ns) 
	29.5 ±1.12*a/(ns)
	61.6±1.13 */*ab

	AA+LL(G5)
	39.5±1.70 *a/(ns) 
	0.21±0.02 *a/*ab
	2.99±0.12*a/(ns) 
	34.5± 1.48a*/(ns)
	69.6±1.20*a/(ns) 


1unit of amylase activity=µ moles of maltose released
Values are mean ± SD; n=6;
 Group comparison: G1 vs. G2; G2 vs. G3, G4, G5; G5 vs.G3, G4
Statistical significance- p<0.05 
*a-Highly significant,*ab significant; ns-no difference.
Table 1 shows the biochemical changes observed in root tissue of Vigna radiata (green gram) grown in dye simulated, remediated and control soil. The plant roots in dye simulated soil shows significant decrease of protein, DNA, total carbohydrate and amylase activity. Amino acids in dye simulated roots shows highly significant compared to that of remediated and control roots. When compared between control and remediated roots, the plant biomass AA and LL and combined plant biomass (AA+LL) used for phytoremediation enhances the root growth and improved the biochemical activity and shows significant increase in protein, DNA, carbohydrate and amylase. Comparison within the remediator AA+LL shows high activity.
DISCUSSION
Germination study showed that the plant biomass had the potential of removing the dye toxicity and enhanced seed germination. Biometric studies revealed that the development of root, shoot, plant growth and leaf area of Vigna radiata (green gram) was reduced in dye simulated soil and enhanced on remediation. AA, LL and AA+LL show the ability to remediate the phytotoxicity caused by navy blue dye on Vigna radiata (green gram). Biochemical estimation revealed that level of protein, DNA, total carbohydrate and amylase was significantly high in plant biomass AA+LL with regards to AA and LL. This study showed that the plant biomass Albizia amara and Leucaena leucocephala has the potential to grow Vigna radiata in textile dye simulated soil.  
CONCLUSION
From the above evaluation it concludes that leaf biomass Albizia amara and dry pod biomass of Leucaena leucocephala was a potent phytoremediator has the remediating capacity for simulated textile navy dye and improved the growth rate of Vigna radiata (green gram). 
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