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ABSTRACT

A comprehensive search of primary (journal) literature pertaining to post-mined land
rehabilitation in India identified 57 studies from 1995 to 2011. From this collection,
hierarchical classification criteria were used to systematically group like-studies from which
37 of those papers provided sufficient data to enable a robust qualitative assessment of the
species used for revegetation in the post-mine environment. Using this information of plant
species studied in the context of land rehabilitation, the putative environmental outcomes and
impacts of these revegetation activities were analysed. Four species (Karanj, Pongamia sp.;
Shisham, Dalbergia sp.; Shirish, Albizia sp.; and, Neem, Azadirachta sp.) emerged as having
the highest frequency of reporting in the context of having an array of shared and relevant
agro- and socio-economically relevant properties as well as being referenced with respect to
environmental outcomes. Taking into consideration the notion that land rehabilitation
success should be an amalgamation of numerous ecological factors, it is considered that
these characteristics could be indicative of these four tree species being of the potentially
greatest value to rehabilitating agro-ecosystem function within the context of Indian post-
mined landscapes.

1.0 INTRODUCTION

India’s mining sector represents an important contributor to the country’s economic growth
and technological development. In this regard, the country currently ranks 4" among leaders
in the production of coal and lignite (6.8% of world production — US Dept Energy 2011;
Ministry of Coal, National Gov't India 2011) as well as contributing significantly in the
production of other mined commodities such as mineral fuels, metallic minerals, industrial
materials, and metal alloys (see: Khullar 2006; Kuo 2005). Altogether, the combined value of
these mined commaodities is estimated to provide nearly 3% of India’s annual gross domestic
product (National Mineral Scenario, Ministry of Mines, Gov'’t India 2008a). Still, representing
a similar scenario to that of other world producers within the mining sector (Hodge 1995), it
can be argued that India’s industrial growth is coupled with a significant environmental
burden whereby ecosystem health and sustainability are detrimentally affected due to the
inherently invasive characteristics and often pervasive impacts of mining toward both natural-
undisturbed and managed agro-ecological landscapes. Accordingly, the Geological Survey
of India (2007-08) has estimated an affected area of 1,394 sq km large-scale mapping, while
approximately 2,760 million tonnes per annum of coal resources were extracted from various
coalfield regions, namely within Andhra Pradesh, Madhya Pradesh and Orissa (Ministry of
Mines, Gov't India 2008b). Upon closer examination of available Indian National and State
policies on the development of mined resources (Ministry of Mines, National Gov't India,
2008a; Directorate of Geology & Mining, Gov't Tamil Nadu, India, 2010), a few notable
amendments have been made emphasizing basic standards for environmentally sound
exploration practices which incorporate assessments of risk and management criteria for
potential land contamination and post-mining land-usages (data not shown). Based on
these criteria and other analogous notions by Chattopadhyay (2006), such ‘best
environmental’ considerations should involve multi-disciplinary approaches incorporating
phytoremediation technologies, landscape development (e.g., ecohydrological management)
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and revegetation schemes, and prevalent aftercare surveillance programs to assess the
status and resilience of ecosystem function at various stages of post-mined land
rehabilitation. This illustration seems to provide a well-defined and unambiguous perspective
as to the assessment and potential implementation of post-industrial land rehabilitation in
India; however, when compared to more well defined guidelines such as within the Australian
context for post-mined land rehabilitation (Dept. Mines and Energy, Queensland Gov',
Australia, 1995), the reality of the Indian context imposes unique challenges due to the
widespread distribution of mining activities across varied microclimates and the constraints of
site-specific revegetation strategies based on local land-use requirements (e.g.,
ethnobotanical and/or agro-ecological usages). If circumstances prevailed wherein Indian
National and State policies saw benefit from an appropriate revision or supplementation in
relation to the latest peer-reviewed literature (among other sources), there is a unique
opportunity to identify important aspects of rehabilitation based on current research.

1.1 Study Objectives

In light of the few available reviews in the field of Indian restoration ecology (Ghose 2004,
Ghose and Kumar 2004; Pandey et al. 2009; Prasad 2007; Singh and Shukla 2008), a
number of knowledge gaps have been identified regarding the broad-scale depiction of post-
mined land rehabilitation in India. Among others, a few lingering research questions
deserving of further consideration include:

Which plant species have been studied for the purpose of land revegetation? Which
of these are considered most suitable for determining revegetation success and
what characteristics make them more appropriate than others for this purpose? How
are environmental and (or) physiological factors used to determine revegetation
success? What is the significance of these factors toward ecosystem restoration?

With the purpose of addressing some of these apparent knowledge gaps and then building
upon current notions of post-mined land rehabilitation within the Indian context, a
comprehensive review of literature pertaining to post-mined land rehabilitation in India has
been undertaken. From this review, an extensive list of plant species studied in the context
of land rehabilitation has been compiled and analysed from the perspective of how
revegetation activities have had an impact and contributed (or not) to an environmental
outcome. This data compilation also used species reporting frequency to assess the species
deemed most adapted (i.e., based on biological and socioeconomic suitability) to assess the
species deemed most adapted (i.e., based on biological and socio-economic suitability) for
the apparent challenges, rigors and requirements of the Indian post-mined landscape.
Hence, it is considered that the species list presented here provides a relevant data
supplement for existing rehabilitation guidelines as well as a functional database that is
based on research, for potential implementation in future land revegetation projects.

2.0 REVIEW METHODOLOGY AND DATA DESCRIPTION

After a thorough review of scientific literature, a comprehensive selection of 57 studies
(dating from 1995 to 2011) was compiled from available primary literature sources, each for
having dealt with mining industry activities in India, and collectively focussing on a wide array
of associated post-industrial land rehabilitation options. The repartition of mining activities
investigated in the literature pool includes coal (35%), general and (or) generic mining (22%),
limestone (8%), gypsum (7%), bauxite (7%), and a combination of seven other less
prominently represented mineral resources (21%). From this literature pool, a hierarchical
classification criteria was developed (Table 2) in order to systematically group like-studies
according to their respective study types (e.g., literature reviews and syntheses, comparative
experimental analyses, or case-study/field surveys), stated topics and specific objectives



(e.g., policy and management, species conservation, landscape/soil management, or
vegetation responsivity and productivity), and intended scope of impact (e.g., local, regional,
national, or global). Of the 57 studies, 37 were deemed to provide a substantial data-pool for
a robust qualitative assessment of species used for revegetation. For this reason, the data
analysis focussed especially on these 37 studies and ecological relationships reported
therein to avoid any inadvertent conjecture regarding the broader literature pool; still, it is
acknowledged that a more in depth assessment of others topics identified from the literature
review, yet not covered here, would be useful once sufficient meta-data are made available.
Henceforth, a descriptive database of each reported plant species was generated including
an identification of their respective taxonomy and growth forms, their context for study, and
reported outcomes. In total, 245 different taxons consisting of 38 separate Orders and 69
Families (Table 3) having 12 distinct growth forms ranging from trees (42%), shrubs (5%),
annual (2%) and perennial herbs (5%), herbaceous flowering plants (32%), succulents
(0.5%), mosses (0.5%), grasses (9%) and sedges (2%), and vines (2%). With this database
(not shown), the frequency of species reporting was determined as well as the diversity of
bioindicators (e.g., plant physiological and productivity descriptors, soil nutrient composition,
soil microbial diversity, plant species abundance and distribution, etc.) used to assess
ecological responses in relation to revegetation.

Table 1. Hierarchical classification of the literature survey

Publication Type Stated Study Objectives & Topics References
Primary Secondary

Environmental Issues Global Considerations

Lit. Reviews &
Syntheses

Hodges (1995)
Regional Considerations Ghose and Kumar (2004)
Chattopadhyay (2006)
Singh and Shukla (2008)
Singh (2009)

Site Assessment

Comparative Exp’t
Studies

Revegetation
Strategies

Soil Management

Soil Management

Criteria

Soil Management

Site Assessment
Criteria

Hydro Geology

Phytoremediation

Plant Physiology &
Productivity

Singh et al. (2002)
Sheoran and Sheoran (2009)

Khurana and Singh (2001)
Ghose (2004)

Nikhil (2007)
Ram and Masto (2010)

Soni (1995)
Pandey et al. (2005)

Prasad (2007)
Pandey et al. (2009)

Rao and Tarafdar (1998)
Sharma et al. (1998)

Rao and Tak (2001)
Ghose (2001)

Rao and Tak (2002)
Ganihar (2003)

Singh et al. (2004)

Singh and Singh (2006)
Kshirsagar and Aery (2007)
Khosla and Reddy (2008)
Misra et al. (2009)




Table 1 (cont’d)

Publication Type Stated Study Objectives & Topics References
Primary Secondary

Case Studies, Field Resource Management Local Level Sinha et al. (2007)

Studies, & Site Policy Assessment Sustainability

Surveys
Land-Use Landscape Roy (1997)

Management Chauhan (2010)

Revegetation Species Plant Physiology & Mohanty (1997)
Diversity Productivity De and Mitra (2002)

Hazariak et al. (2006)
Hanief et al. (2007)
Dowarah et al. (2009)
Raizada and Juyal (2010)

Landscape Tarafdar and Rao (1997)

Management Singh and Singh (1999)
Singh et al. (1999)
Chalya et al. (2000)
Sharma et al. (2000)
Raghu (2001)
Dutta and Agrawal (2003)
Sharma et al. (2004)
Singh et al. (2006)
Tripathi and Singh (2008)
Juwarkar et al. (2009)
Chauhan and Silori (2010)
Chauhan and Ganguly (2011)
Deo et al. (2011)

Soil Development & Plant Physiology & Raman et al. (1993)
Conservation Productivity Kundu and Ghose (1997)
Mehrotra (1998)

Dutta and Agrawal (2001)
Sharma et al. (2001)

Dutta and Agrawal (2002)

Maiti (2007)

Juwarkar and Jambhulkar (2008)
Juwarkar et al. (2009)

Singh and Soni (2010)

3.0 GENERAL TRENDS AND DISCUSSION
3.1 Identification of suitable revegetation species based on reporting frequency

In spite of the relatively modest peer-review literature pool available on the topic of post-
mined land revegetation in India, there is still a remarkably extensive reporting of plant
species (n=245 sp.) including vegetative growth forms and diverse bioindicators of ecological
form and function. By consolidating these literature sources into a single dataset, the
present study represents the first comprehensive list of plants (having a wide variety of
growth forms and life history strategies) within the context of post-mined land rehabilitation in
India. Although the list alone is not currently a sufficient indicator of rehabilitation
development or success, its compilation has direct implications in terms of its use as a
supplement for current land rehabilitation planning and implementation guidelines by
providing a benchmark referencing source for future research. Likewise, the analysis of
potential data-trends therein could provide further insight into the suitability of these species
for the purpose of land rehabilitation based on the similarity and (or) frequency of
environmental reporting (Fig.1). Here, approximately 45% of species were reported only
once, while 65% of species were reported fewer than four times out of 37 studies resulting in
a reporting frequency of less than 10% of the total literature pool. That being said, the
remaining dataset (90%) indicates an occasional reporting frequency (15-25%) of 17 trees,



shrubs, and herbaceous plants, and an extensive reporting (30-50%) of four notable tree
species. In other words, the current literature pool is dominated by the reporting of 21 plant
species across a wide array of climatic, geologic, and ecological landscapes and
environmental variability. Therefore, under the assumption that the reporting frequency is
indicative of ecological relevance, such differences within the literature pool could suggest
that:

D A subset of species (i.e., occasionally and especially extensively
reported) seems to be more suitable for land rehabilitation than others;

(2) Their respective life history strategies (i.e., trees and shrubs versus other
vegetative growth forms) could be more conducive to the colonization of
Indian post-mined landscapes in relation to its inherent environmental
challenges; and,

(3) This subset of species could represent significant keystone indicators
(i.e., predictors) of success within the current land rehabilitation
framework taking into consideration the available pool of associated
physiological and ecological data.

With this rationale, four species (Karanj, Pongamia sp.; Shisham, Dalbergia sp.; Shirish,
Albizia sp.; and, Neem, Azadirachta sp.) have emerged as having the highest frequency of
reporting in addition to an array of shared and relevant agro- and socioeconomically relevant
properties along with notably similar environmental outcomes regarding their impact toward
above- and belowground ecological factors (Table 3). These characteristics include that
three (members of the Fabaceae) are promoters of nitrogen fixing interactions, while all four
are relatively fast growers, well adapted to environmental conditions within more arid zones
(i.e., intense heat, sunlight), and have root architectural adaptations for drought tolerance
(Koul et al. 1990; Lowry et al. 1994; Scott et al. 2008; Tewari 1994). Furthermore, all four
species similarly hold significant socioeconomic development applications toward landscape
agro-ecology (i.e., shade intercropping, timber, fuel, and forage) and regional ethnobotanies
(i.e., having pharmacopeia-ic relevance as antibiotics, pesticides, etc.). Correspondingly,
when assessing the experimental context of their study (see Table 3: Reported outcomes of
revegetation), all four species have often been found to increase soil microbial activity
resulting in soil nutrient mineralization, increase belowground biodiversity due to rhizospheric
interactions, increase nutrient cycling, and stabilization of the soil matrix. Altogether, these
reported environmental outcomes have led to increased plant productivity and even species
survivorship. Taking into consideration the notion that land rehabilitation success should be
an amalgamation of numerous ecological factors, we consider (albeit tentatively, given the
gualitative nature of the current data analyses) that these characteristics could be indicative
of these four tree species being potentially significant keystone indicators of rehabilitating
agro-ecosystem function within the context of Indian post-mined landscapes. More
importantly, these plants already hold a significant socioeconomic status in Indian culture in
terms of their inherent land-use values (e.g., shade intercropping, timber, fuel and forage,
and pharmacopeia-ic relevance) thereby seemingly bridging the conceptual divide existing
between the target environmental goals and socioeconomic goals; the latter of which are
typically not always adequately or appropriately covered in land rehabilitation design or



intent. However, it is recognised that this perspective somewhat exceeds the analytical
scope of the current dataset and that a more thorough investigation would be required to
elaborate on the potential significance of these relationships.

Table 2. Abbreviated list of plant species studied in land revegetation

Order Family No. Diff. Order Family No. Diff.
Genus Genus
Alismatales Araceae 1 Magnoliales Annonaceae 1
Arecales Arecaceae 1 Magnoliaceae 1
Arecales Arecaceae 1 Malpighiales Euphorbiaceae 6
Asparagales Agavaceae 1 Phyllanthaceae 5
Asparagales Ruscaceae 1 Salicaceae 2
Asparagales Hypoxidaceae 1 Violaceae 1
Asterales Asteraceae 11 Malvales Dipterocarpacceae 2
Brassicales Brassicaceae 1 Malvaceae 5
Capparaceae 1 Myrtales Combretaceae 4
Salvadoraceae 2 Lythraceae 4
Caryophallales Amaranthaceae 3 Melastomataceae 1
Caryophallales Polygonaceae 1 Myrtaceae 9
Tamaricaceae 1 Oxalidales Oxalidaceae 1
Celastrales Celastraceae 1 Pinales Pinaceae 1
Commelinales Commelinaceae 3 Poales Cyperaceae 4
Cornales/Ericales Boraginaceae 2 Poaceae 23
Cucurbitales Cucurbitaceae 3 Polypodales Pteridaceae 1
Ericales Ebenaceae 1 Proteales Proteaceae 1
Myrsinaceae 1 Ranunculales Berberidaceae 1
Sapotaceae 2 Rosales Cannabaceae 1
Theaceae 1 Moraceae 5
Fabales Fabaceae 64 Rhamnaceae 3
Casuarinaceae 2 Rosaceae 2
Gentianales Apocynaceae 3 Urticaceae 3
Rubiaceae 6 Sapindales Anacardiaceae 4
Gleicheniales Gleicheniaceae 1 Meliaceae 5
Lamiales Acantaceae 3 Rutaceae 2
Bignoniaceae 1 Sapindacae 2
Lamiaceae 9 Simaroubaceae 1
Acantaceae 1 Schizaeales Lygodiaceae 1
Scrophylariaceae 1 Solanales Convolvulaceae 2
Verbenaceae 1 Solanaceae 4
Laurales Lauraceae 1 Urticales Ulmaceae 1
Lycopodiales Lycopodiaceae 1 Zingiberales Musaceae 1
Zygophyllales Zygophyllaceae 1

N.B. The complete taxonomic list of plant species can be made available upon request
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Figure 1. Taxon reporting frequency (n=245 reported sp.; N=37 studies).
Table 3. Highest reported species and their shared agro-ecological properties
Family Genus Common Agro-Ecologically Relevant Properties* Reported Revegetation Outcomest
Names [References]
Meliaceae = Azadirachta  “Neem” . (Relatively) Fast Growth; Increased soil microbial activity resulting in
“Sacred nutrient mineralization
Tree” ~ ; ; [Rao and Tak (2001); Sharma et al. (2001); Rao
¢ Yg?:tggsg tﬁgéﬁoaizdsﬁ%ﬂgﬁ’t;adapta“°n and Tak (2002); Singh et al. (2004); Maiti (2007);
Juwarkar et al. (2008); Tripathi and Singh (2008);
Fabaceae  Dalbergia “Indian . Root architecturaliadaptations for Juwarkar et al. (2010)]
Rosewood” drought tolerance; Increased belowground biodiversity and (or)
“Shisham” . L symbiotic mutualisms (e.g., mycorrhizal and
. Economic development applications bacterial associations)
(timber cropping, landscaping); [Raman et al. (1993); Mehrotra (1998); Rao and
Tak (2001)]
Albizia “Lebbeck . Ethnobotanical usages (e.qg.,
Tree” anthelmintic, antifungal, antidiabetic, Increased productivity and (or) site survivorship
“Shirish” antibacterial, antiviral, contraceptive [Sharma et al. (1998); Chaulya et al. (2000); De
and sedative). and Mitra (2002); Singh and Singh (2006); Hanief
et al. (2007); Juwarkar et al. (2008); Chauhan and
. Promoter of nitrogen fixating Silori (2010)]
interactionst;
Pongamia “Indian Increased nutrient deposition and soil carbon
Beech” stock due to litter fall and (or) rhizospheric
“Karanj” mineralization

[Singh et al. (1999); Singh et al. (2004); Singh et
al. (2006); Juwarkar et al. (2010); De and Mitra
(2002)]

Increased soil moisture retention and soil matrix
stabilization

[Sharma et al. (2001); Sharma et al. (2004); Maiti
(2007); Juwarkar et al. (2010)]

*Based on: Koul et al. (1990); Scott et al. (2008); Tewari (1994); Lowry et al. (1994)
TIn combination with other re-established species; $Characteristic of the Fabaceae only.



3.2 Potential implications for future policy development

Being mindful of the limitations of using literature review strategies for guiding land
rehabilitation policy, it is considered that the comprehensive list of vegetation provided here
and subsequent identification of potential bioindicators of agro- and socio-economic
development within the Indian context should provide useful data supplements toward the
implementation of current rehabilitation guidelines. In fact, given the sometimes provisional
status of land rehabilitation at the National and State policy levels among growing
economies, assessments of the most current primary literature sources should represent a
step-forward for identifying suitable research benchmarks by consolidating entire reference
sources within a single, comparative framework. As such, the hierarchical review
methodologies described above could represent substantial tools for evaluating similar data-
pools to derive relevant opportunities for discovery and identify potential ecological
challenges based on current research.
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