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A B S T R A C T

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