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Biochar aided aromatic grass [Cymbopogon martini (Roxb.) Wats.] vegetation: A
sustainable method for stabilization of highly acidic mine waste
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ARTICLE INFO ABSTRACT

Editor: Rinklebe J6rg Dumping of acidic mine waste poses severe threats to the ecosystem due to high acidity, nutrient deficiency and
mobility of toxic metals. The present study has been undertaken on phytoremediation by amending the acidic

soil/mine waste with biochar (BC) and plantation of palmarosa (Cymbopogon martini (Roxb.) Wats. A greenhouse

Keywords:

Mine waste experiment in different combinations of biochar and acidic mine waste was conducted to assess the phytoremedi-
Biochar ation efficiency of palmarosa by BC amendments. Results indicate that the palmarosa tolerates multiple stresses
Phytostabilization effectively with a 54 % metal tolerance index (MTI) and capable of reducing acid production from the acidic

Acid neutralization
Risk assessment code

mine waste alone. BC incorporation in the mine waste and soil treatments significantly enhanced the palmarosa
biomass (1.11-3.3 times) and oil content by liming the acid, immobilization of metals and improving the soil
quality. BC addition in highly acidic mine waste amplified the phytoremediation efficiency and mitigates abiotic
oxidative stress on plants (MTI 84 % to >100 %). BC aided palmarosa plantation shifted the soil from high-risk
assessment code (RAC) to low RAC for vegetation. Biochar amendments along with palmarosa plantation offer a
sustainable technology for phytostabilization of highly acidic mine waste along with the production of industri-
ally important essential oil.

1. Introduction

Acidic mine wastes are considered as the largest and continuously in-
creasing hazardous waste which jeopardizes the nearby environmental
conditions worldwide (Migaszewski et al., 2019). Many of these mine
wastes enriched in sulfide-bearing minerals (e.g. pyrites), which on ox-
idation generate the acid leading to an increase in mobility of the toxic
metals. The acidification and proliferation in heavy metal content de-
teriorate the physicochemical properties of nearby soils and aquatic
ecosystems (Havlickova et al., 2019).

Phytostabilization of acid-generating wastes in the mine site is con-
sidered as a promising option for inhibition of aqueous run-off and
spreading of the acidic generating minerals (such as pyrites) and toxic
metals. The natural plant growth is not favorable in these areas due
to several abiotic stresses such as extreme pH, soil nutrient and or-
ganic matter deficiency, low water retention capacity and presence of
toxic metals (Asensio et al., 2013; Wong and Ho, 1993, 1994). The or-

ganic and/or inorganic amendments were widely used for optimal plant
growth for soil amelioration on mine tailings. Biochar (BC) has been
considered as an emerging panacea for rehabilitating mine waste af-
fected soils and can enhance the process of phytostabilization (Ippolito
et al., 2019; Jain et al., 2016; Novak et al., 2019). The additional bene-
fits of BC are an increase of soil organic matter levels, sequestration of
heavy metal; neutralization of the soil acidity; improvements in micro-
bial activities and nutrient cycling (Nigam et al., 2019a; Yadav et al.,
2019a). It acts as a source of macro and micro-nutrients with longer soil
residence times (Ippolito et al., 2019; Jain et al., 2017; Yadav et al.,
2019b).

The aromatic grasses considered as an excellent candidate for phy-
toextraction and phytostabilization and have more potential than shrubs
or trees due to better adaptability to stress environment and higher bio-
mass production (Malik et al., 2010). In addition, the essential oil ex-
tracted from these grasses has commercial importance. The palmarosa
[Cymbopogon martini (Roxb.) Wats.], a perennial aromatic grass from
the family- Poaceae is reported as a candidate for phytosta-

= Corresponding author at: Agronomy & Soil Science Division, Central Institute of Medicinal and Aromatic Plants, P.O.- CIMAP, Near Kukrail Picnic Spot, Lucknow, 226 015, India.
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Retention of antibacterial and antioxidant properties of lemongrass oil )
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ARTICLE INFO ABSTRACT

Keywords:

Cellulose nanofibres
Lemongrass essential oil
Antioxidant capacity
Antibacterial activity

The lemongrass oil (LgEo) exhibits excellent antioxidant and antibacterial properties. However, low aqueous
solubility and instability of its major constituents reduced the retention of these properties for the longer time.
Hence, LgEo loaded composites of cellulose nanofibres (CNFs)- polyethylene glycol (PEG) were fabricated
through melt and mixing process and sustainability of their antioxidant and antibacterial properties was as-
sessed. The interaction of essential oil with composite systems was evaluated using Fourier-transform infrared
spectroscopy (FI-IR), scanning electron microscope (SEM), Transmission electran microscopy (TEM), and X-ray
powder diffraction (XRD) and quantification of released major compounds up to 120 days was done by Solid
phase micro extraction/Gas chromatography-mass spectroscopy (SPME/GC-MS) methods. Results suggested
that composite systems were able to sustained major compounds of lemongrass essential oil (geranial, neral and
geranyl acetate) up to 120 days and followed Pseudo Fickian diffusion of aroma molecules, In vitro study of total
antioxidant capacity, total phenolic, free radical scavenging efficiency and antibacterial properties (against 5.
aureus and E. coli) of the composites were suggested that composite system retained the properties of the pure
lemongrass oil. These results indicate that fabricated scented composites can be used further in various industrial
applications such as indoor air quality improvement materials and food storage.

1. Introduction obtained from the native cellulose persist remarkable excellent prop-

erties such as biocompatibility, nontoxicity, and biodegradability, The

Nowadays, the development of biodegradable polymer is gaining
importance over the synthetic materials particularly encapsulation
and/or coating of natural molecule. They can improve the quality and
the shelf life of natural product (Bashir et al., 2017; Esfanjani and
Jafari, 2016). They can also act as vehicles for different naturally oc-
curring compounds for instance antioxidants or antimicrobial com-
pounds, vitamins, flavor compounds, and colorants, (Aytac et al., 2016;
Castro-Rosas et al,, 2017; Cerqueira et al., 2016; Fidelis er al., 2015).
The composite system of the biodegradable polymers and herbal pro-
ducts such as plant extracts and essential oils provides a better dur-
ability of desired properties such as increase its functionality, improve
their appearance, and extended the shelf life through controlling the
release (Echeverria er al, 2016; Oliveira et al., 2017; Sultanbawa,
2011). Cellulose, being most naturally abundant polymer has attracted
attention for such type application. Cellulose nano-fibers (CNFs)

* Corresponding author.
E-mail address: pujakhare@cimap.res.in (P. Khare),

https://doi.org/10.1016/).indcrop.2018.01 077

0926-6690/ © 2018 Elsevier B.V. All rights reserved.
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unique properties of CNFs widen the possible applications of this bio-
polymer such as in pharmaceutical, biomedical, electronic and textile,
as well as in food packaging industries (Chauve and Bras, 2014; Lee
etal, 2017). Recently, cellulosic fibers used for reinforcement due to its
biodegradability, lower weigh, renewability, and molecular strength.
These fibers are used to produced nano compounds with phenolic resin,
styrene butyl acrylate, poly urethane, starch (Borah and Kim, 2017;
Rojo et al,, 2015). Similar to CNF, poly ethylene glycol (PEG) is also a
biocompatible and nontoxic polymer composed of repeating ethylene
glycol units. It is commonly used in designing of various successfully
commercialized biomaterial in various applications, such as nonionic
surfactants, lubricants, solvents, adhesives, cosmetics, and pharma-
ceutical formulations (Lou et al., 2017; Lu et al., 2017; Ravikumar et al.,
2017; Wang et al., 2017; Zhang et al., 2017), It is reported that Poly-
ethylene glycol (PEG) has excellent compatibility and affinity with CNF
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Immobilization of eadmium (Cd) and lead (Pb) along with the alleviation of their phytotoxicity in Mentha ar-
vensis by biochar was examined in this investigation. A greenhouse experiment was executed to evaluate the
effect of biochar (BC) amended Cd and Pb spiked soil on their immobilization and uptake, plant growth, pho-
tosynthetic attributes (total chlorophyll, photosynthetic rate, transpiration rate, and stomatal activity) and
oxidative enzymes (guaiacol peroxidase: POD; catalase: CAT and superoxide dismutase: SOD). In the present
study, the photosynthetic attributes showed that BC significantly improved the total chlorophyll, photosynthetic,
transpiration rates, and stomatal activity in the plants. The incorporation of BC in soil increase the Pb and Cd
tolerance in M. arvensis vis-3-vis improved the biomass yicld and nutrient intake. In addition, biochar has also
reduced the POD, CAT, and SOD in the plant as well as improved the soil pH and enzymatic activities. Overall,
BC immobilized the Cd and Pb in soil by providing the binding site to the metals and reduced the phytotoxicity in
M. arvensis. However, large-scale field trials of BC are required for safe cultivation of M, arvensis which is known

for its phytopharmaceuticals impartance.

1. Introduction

Heavy metals (HMs) are ubiquitously present in all the spheres of
the environment. Soil acts as a funnel through which these HMs dis-
perse into different environmental compartments like plants and living
organism through the food chain. The HM contamination in agri-
cultural soil possesses serious problem for plants, microflora of soil, and
human health, Among HMs, lead (Pb) and cadmium (Cd) are the most
potentially hazardous metallic pollutants to human health due to their
non-biodegradability and readily transferred through the food chain
(Murtaza et al., 2015; Rizwan et al., 2012). The major sources of Pb and
Cd in the soil are anthropogenic activities such as transportation,
mining, smelting, gasoline, and paint industries. The phyto-availability
of point and non-point sources of Pb and Cd in soil is a major concern
for edible crops in connection with food safety and health (Ashraf et al_
2017; Lopez-Orenes et al., 2018). The consumption of the Pb and Cd
contaminated plants could have chronic health effects. Cd and Pb ex-
posure can result in neurological and gastrointestinal distress,

015, India.
E-mail address: pujakhare @cimap.res.in (P, Khare).
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0147-6513/ © 2019 Elsevier Inc, All rights reserved.

pulmonary disease, and kidney damage (Rehman e al, 2016: Tang
et al., 2018), In the plant, the HMs enhance the oxidative stress by
increasing the production of reactive oxygen species (ROS) in different
parts of the plant (Karak et al., 2013). This overproduction of ROS may
damage the biological macromolecules and negatively affects the an-
tioxidant system in plants (Ali et al., 2017; Huang and Wang, 2010,
Redovnikovic et al,, 2017). Leaf chlorosis, retardation in plant growth,
disturbance of plant physiological activitics and nutrient metabolism
are the major toxic effects of the HMs stress.

Several amendments were used to immobilize the Pb and Cd in soil
and restrict their translocation in edible parts of the plant (ur Rehman
et al., 2018). Among these techniques, biochar (BC) is recently con-
sidered as a metal immobilizing agent in the soil contaminated with
organic (pesticides, dyes, and polyaromatic hydrocarbons) and in-
organic (e.g. HMs) pollutants (Kumar et al,, 2018: Lu et al., 2017: Park
et al, 2011). Biochar, a carbon-rich material is produced from carbo-
nization of biomass in a limited oxygen environment at a high tem-
perature (350-700°C) (Wang et al, 2018). The micro and nanopore
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* We evaluated the effect of averburden
& biochar amendment on the resistance
& resilience of soil.

* Phyto-remediated OB-contaminated
soil has its own resilience power.

* Biochar addition enhanced the enzyme
resistance and resilience of OB contam-
inated soil.

* In silico study indicates that biochar-Fe
complex play a significant role in con-
trolling the enzymatic activities of soil,
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Soil enzymes are crucial for soil nutrient cycling function. Understanding of the factors that control their response to
major disturbances such as dumping of environmentally toxic acidic waste remains limited. We evaluated the effect
of dumping of overburden {(OB) and their amendments using biochar, on the resistance and resilience of soil
enzyme activities involved in phosphorus, nitrogen, sulphur and carbon cycling (acid & alkaline phosphatase,
urease, arylsulphatase, dehydrogenase, phenol oxidases, cellulase and I-glucosidase). For investigation the soils
treated with OB and with the mixture of OB and biochar were used for the cultivation of bacopa were used. We
assessed O day, 45 day and 90 days activities of the target soil enzymes, available phosphorus, nitrogen, sulphur,
soil organic carbon and microbial identification. The resilience and resistance index of all the treatments were
calculated. We found that phyto-remediated OB-contaminated soil has its own resilience power. However, biochar
addition enhanced the enzyme resistance and resilience of OB contaminated soil. In silico study indicates that
biochar-Fe complex play a significant role in enzymatic activities, Overall, the results indicate a significant influence
of phytoremediation and biochar addition on soil enzymatic activity that is extremely resistant to OB, This study pro-
vides insight on how biochar addition modulates soil biechemical and microbiological response to OB affected soils,
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The over burden or mine spoils generated near the coal mine could

be considered responsible for the disturbance in the nearby soils.
Though, these disturbances may be paositive or negative for the soil
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