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Abstract

has also been suggested to enhance the recovery process.

Dominance; RI: Relative Index

The study was carried out with an aim to select indigenous plant species for restoration of a degraded habitat at Bonai reserve forest
area formed due to mining in Sundergarh district of Odisha. Species for restoration were selected from mine forest area through systematic
phytosociological analysis that involved measurement of Importance Value Index (IVI) and regeneration values of tree species. However, species
selection from plantation was made based on their growth, productivity, and adaptation to terrain and soil types. Shrubs and grasses were
selected based on relative index and relative abundance, respectively. The top 15 tree and 16 grass species, and the entire six shrub species were
selected from mine forest area and plantation were considered for restoration of dump areas. Since soils of dump were of similar nature as that of
the forest area, the findings will be helpful in faster restoration of the degraded habitats with initial human facilitation. After care and monitoring
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Introduction

Ecological restoration aims to recreate, initiate, or
accelerate the recovery of habitats that has been disturbed.
Disturbances are environmental changes that alter ecosystem
structure and function. Common disturbances include mining,
logging, damming rivers, intense grazing and fire. Out of these
disturbances degradation of natural habitats due to opencast
mining leads towards clearing of vegetation is a common
phenomenon. Normal recovery of distributed habitats takes
times through colonization of plant and animal species [1-3] and
can be accelerated through human intervention. Till yet, not much
attention was paid to restore these habitats. Recent awareness
followed by stringent enforcement of rules and regulations has
generated consciousness about the environment. Restoration
has been attempted on an experimental basis in various parts of
India [4-7] through implementation of plantation programme. In
such practices plantation of exotic and horticultural species has
attempted for restoration and as a result the degraded land has

been made productive [8].

Restoration is the recreation of entire communities of organisms,
closely modeled on those occurring naturally, while reclamation
refers to any deliberate attempt to return a damaged ecosystem
to some kind of productive use [9-11]. It would appear that
in many cases, it is reclamation rather than restoration which
is attempted. Restoration needs knowledge of indigenous
biological resources for understanding the species response to
micro-environmental features and edaphic conditions [12-14].
Information on these aspects not only helps in selecting species
adapted to local conditions [7] but also in the fast recovery of
the ecosystem when such species are planted there [15,16]. This
article represents the outcome of a study that included these
aspects to help in ecological restoration of a disturbed site at
Bonai reserve forest area in Sundergarh district, Odisha.

The Bonai reserve forest in Sundergarh district, Odisha
has been disturbed due to mining since 1970. The area with
dry deciduous forests contains good quality of minable iron
ore deposits. To undertake the mining activities some part of
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the forest covers of this reserve forest was cleared. Presently
dumping is being done in well vegetated valleys adversely
affected the vegetation. Thus the present study was an attempt
to select plant species based on a set of criteria in restoring the
degraded habitat of Raikela Iron Ore Mine, Odisha.

Study area

The Raikela Iron Ore Mine (RIOM) 21° 52/ 45// to 21° 53/ 08
//N latitude and 85° 11/ 05// to 85° 11/ 30 // E longitude having a
lease area of about 45.93 ha covers some part of Bonai reserve
forest in Sundergarh district of Odisha. In this area mining has
been done in 29.184 ha and 4.16 ha have been used as dump.
The rate of extraction of ore is around 5, 02, 200 TPA. The ore to
waste ratio is 1.8:1 which might decrease to 1:1 with increasing
depth. The mines lease area includes the following:

i. Forest area (FA): 12.592 ha, where mining activities
have not yet been taken up and have natural vegetation in
some parts.

ii.  Active dump (AD): Nearly equal to one hectare area i.e.
0.75 ha, where waste and top soil of the mining area is being
dumped.

iii. Old dump (OD): 3.41 ha, where the waste and top soil
was dumped in the past. Only Acacia farnesiana has been
planted here.

iv..  Mining Area (MA): 29.18 ha, where mining has been
done.

The soil of the area is slightly acidic (pH: 5.8 + 1.18), loamy
with some proportions of silt and clay. The depth varies from
shallow (0-30cm) and medium (31-50cm) to moderately deep
(51-80cm). Most areas have medium depth soil. More than 50%
of the area has moderate to good water holding capacity. Average
value of some important soil physico-chemical characters of the
study area is presented in Table 1.

Table 1: Soil physico -chemical characters (Mean + SD) of the study
site.

Parameters Values (Mean + SD)
Sand (%) 70.5 +3.13
Silt (%) 13.3+0.86
Clay (%) 16.2+1.12
BulkDensity (g/cm?) 1.26 + 0.035
Soil Moisture (%) 11.73 £ 0.87
WHC (%) 46.6 £ 2.6
pH 5.8+0.38
Nitrogen (kg/ha) 122.65 + 16.62
Phosphorus (kg/ha) 9.25 +1.66
Potassium (kg/ha) 236.5 +23.2
Organic Carbon (%) 0.46 £ 0.012

Source: EIA and EMP Report [17]; WHC: Water Holding Capacity.

Methods

A reconnaissance survey was carried out from June, 2010-
May, 2011 in FA, OD, AD and plantation (P). FA was studied in
twenty stratified random belt transects, each 25x20m. The
stratification was based on the habitats and major topographic
variation. In each transect, data on trees ( 2 30cm gbh) such as
girth at breast height (137cm above ground), height, canopy
height, canopy width and regeneration (plants <10cm gbh) were
recorded. Shrub species and their frequency were recorded on
these transects, while in case of herbaceous species, abundance
was recorded. OD and AD had only herb cover that was estimated
at 10m intervals along five lines transects in each of them. Since
herb cover on AD and OD was low, it was estimated quantitatively
i.e. rare, common and abundant, and an abundance rating (AR)
was given to each herbaceous species. The rare species was
rated as 1, while the common and abundant species were given a
score of 2 and 3, respectively.

Species selection from forest

Tree species for restoration were selected in two phases.
In the first phase, the top 15 species were selected based on
Importance Value Index (IVI). Remarking was given to each
species based on the IVI. [VI was calculated as a sum of relative
density (RD), relative frequency (RF), and relative dominance
(RDo) [17,18]. During the second phase of selection, regeneration
potential was included. Tree species represented by more than
15 individuals in the regeneration stage was ranked 1, and
species having no regeneration were ranked 3. Adding IVI and
regeneration ranks, the top ten tree species were selected for
restoration. Shrub species were selected using relative index
(RI) computed as a sum of RD and RF [8]. For herbaceous species
only abundance was calculated as per Kershaw [19].

Species selection from plantation

Tree species in “P” were selected based on their growth,
productivity and adaptation. The growth was estimated using
Size Index [8] as:

SI=Tree height (cm) x gbh (cm).

Productivity potential of tree species was estimated using
Canopy Index [8] as:

CI=(Average canopy height + Average canopy width) x no. of
sample trees.

Adaptation potential of species was evaluated as; species
grown on the slopes were ranked 1, species grown on flat
terrain were ranked 2, while those species grown in valleys,
stream bed or river bed were ranked 3 and 4, respectively. The
species growing on shallow soils were ranked 1, while those on
medium and deep soil were ranked 2 and 3, respectively. Adding
the ranks for growth, productivity, terrain and soil, the top ten
species were selected. Some species were included based on
their properties to enrich the soil.
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Results and Discussion lebbeck performed better in “P” only. On the other hand Xylia
xylocarpa performed well in both. In shrubs their diversity was
low with respect to number of species as compared to trees and
herbaceous species. Only six shrub species were recorded in the

Species richness and abundance

A total of 58 species were recorded in FA and includes 30
trees, 6 shrubs and 22 herbaceous species (Table 2). However,
in plantation onlyl2 tree species were recorded. Tree species
enumerated in FA were nearly equal to 1.5 times more than

study area. However, 22 numbers of herbaceous species were
recorded and their diversity in terms of number of species was

intermediate between tree and shrub species enumerated from
in “P". Seven tree species were common to both FA and “P"”. Of o study area (Table 3).

these, Gmelina arborea, Diospyros melanoxylon and Albizia

Table 2: Importance Value Index (IVI) of trees recorded in Forest Area (FA), Relativelndex (R.l.) of shrub species and Abundance Rating (AR)
of herbaceous species of Raikela Iron Ore Mine.

Tree species IVI Rank Shrub species RI Rank Herbaceous species Abundance | Rank
Mitragyna parviflora 11.41 1* Woodfordia fruticosa 23.71 1 Apluda mutica 4 6*
Anogeissus latifolia 10.12 2% Helicteres isora 20.81 2 Aristida setacea 6 4*
Adina cordifolia 9.96 3* Nyctanthes arbortristis | 17.31 3 Cynodon dactylon 3 7*
Lannea coromandelica 9.44 4* Wendlandia exerta 15.29 4 Chloris barbata 6 4*
Miliusa velutina 8.91 5% Flacourtia indica 13.17 5 Chloris virgata 8 2%
Bridelia retusa 7.19 6* Cassia auriculata 11.87 6 Cryperus compressus 9 1*
Schleichera oleosa 5.78 7* Cyperus difformis 4 6*
Syzygium cumini 4.89 8* Cyperus eleusiniodes 3 7*
Garuga pinnata 4.65 9* Cyperus iria 3 7*
Wendlandia tinctoria 4.34 10* Cyperus sp. 2 8
Shorea robusta 4.23 11* Dactyloctenium aegyptium 7 3*
Terminalia bellirica 2.73 12* Digitaria marginata 7 2%
Terminalia alata 2.50 13* Oplismenus burmannii 2 8
Dalbergia latifolia 2.41 14* Isellema laxum 5 5%
Elaeodendron glauca 2.21 15* Dichantus sp. 2 8
Morinda tinctoria 2.13 16 Dichanthium annulatum 4 6*
Cassia fistula 1.86 17 Paspalidium punctatum 3 7*
anlz;)dljsrggf:r?ca 1.73 18 Pennisetum sp. 1 9
Diospyros melanoxylon 1.55 19 Setaria verticillata 5 5*
Ficus benghalensis 1.43 20 Sporobolus pallidum 2 8
Lagerstroemia parviflora 1.37 21 Sporobolus sp. 2 8
Butea monosperma 1.22 22 Themeda arundinaceae 3 7*
Trema orientalis 1.10 23
Albizia lebbeck 1.07 24
Alangium salvifolium 1.05 25
Xylia xylocarpa 1.0 26
Pongamia pinnata 0.58 27
Bauhinia racemosa 0.46 28
Terminalia chebula 0.41 29
Gmelina arborea 0.31 30
* Species selected for restoration.
Table 3: Importance Value Index and regeneration ranks of trees species in mine forest at Bonai.
VI
Name of the species Regeneration rank Total rank
Value Rank
Mitragyna parviflora 11.40 1* 1 2
Anogeissus latifolia 10.12 2% 1 3
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Adina cordifolia 9.93 3* 2 5
Lannea coromandelica 9.44 4* 2 6
Miliusa velutina 8.91 5* 1 6
Bridelia retusa 7.19 6* 1 7
Schleichera oleosa 5.75 7* 1 8
Syzygium cumini 4.89 8* 3 11
Garuga pinnata 4.65 9* 2 11
Wendlandia tinctoria 4.34 10* 1 11
Shorea robusta 4.23 11* 3 14
Terminalia bellirica 2.73 12* 2 14
Terminalia alata 2.50 13* 2 15
Dalbergia latifolia 2.41 14* 3 17
Elaeodendron glauca 2.21 15* 3 18

Plant species diversity at tree level was more in FA then “P”.
This is natural because plantations are generally monocultures
or at best include few species of interest and are single layered.
Forests, on the other hand, grow with natural succession have
stratification resulting in higher species diversity of not only
plants but also animals [20]. In plantation instead of IVI, growth

rate and productivity of tree species was considered along
with terrain and soil depth for species selection. The age of
tree species (years after plantation) ranged from 4 to 6 years.
G. arborea was the fast-growing species with maximum growth
rate of 3842 cm?/year while Xylia xylocarpa gained maximum
productivity of 46 cm?/year (Table 4).

Table 4: Growth productivity, terrain and soil ranks of tree species in RIOM plantations.GR/Y, growth rate/year; P/Y, Productivity/year; T, Terrain;

S, Sail.
Growth rate Productivity rate
T S
Tree species Age GR/Y Rank P/Y Rank Total Rank
Rank Rank

Acacia auriculiformis 4 1856 11 26 8 2 1 22
Acacia nilotica 6 1963 10 24 9 2 1 22
Acacia farnesiana 5 3556 2 33 4 2 1 9
Albizia lebbeck 3 2948 5 29 6 2 1 14
Caassia siamea 6 1421 12 29 6 1 2 21
Dalbergia sissoo 3 2580 7 42 2 1 2 12
Delonix regia 6 2130 9 33 4 2 3 18
Diospyros melanoxylon 3 3269 3 40 3 2 1 9
Eucalyptus sp. 5 2873 6 27 7 1 1 15
Gmelina arborea 5 3842 1 24 9 2 3 15
5:5‘;’;2?;’;’; 5 3173 4 31 5 2 3 14
Xylia xylocarpa 3 2553 8 46 1 2 3 14

When adaptation to terrain and soil depth was included in
the selection parameter, A. farnesiana and D. melanoxylon shared
the top rank. Parameters used for selection of species were
decided in order to measure their adaptation and robustness
to grow in difficult conditions. Inclusion of more than one
parameter ensure that even if some species scored equal points
on one parameter, the difference in scores in other parameters
helped in selecting the better species. For example, tree species
in plantation showed similarity in productivity but there was a
variation in growth rate. In addition to selection of parameters,
selection of species for plantation from different sampling areas
(FA, OD, AD, and P) helped in developing a comprehensive list of

species based on their performance in diverse habitats. Only 12
tree species were grown in plantation, out of which 7 species did
occur in FA. On the other hand, a relatively large number species
in the FA helped in providing more options for the species
selection. The cumulative list of 20 tree species, 10 each from
FA and plantation provided best performing local species in the
vicinity, to boost natural colonization (Table 5).

Further, the study envisages that to increase the fertility
level of dump, growing leguminous plant would be more useful,
as they supply nitrogen to the root zone in mine spoil [13].
Acacia sp. and A. lebbeck are some of the species that have
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high nitrogenous activity in root nodules [21,22]. Therefore,
these tree species are suggested to grow on dumps as well as
in the degraded areas. In addition to these Pongamia pinnata
is considered as one of the promising species for overburden
of mining areas [23] and should be planted on the dumps to
enrich soil. The findings also suggest that tree species selected
from ‘P’'may perform well when planted on dumps as indicated
by better growth of G. arborea, D. Melanoxylon, P. pterocarpum
and A. lebbeck. The list of tree species suggested for plantation is
given in (Table 5).

Table 5: Tree species suggested for plantation on dumps.

Species From forest area From plantations
Mitragyna parviflora ?
Anogeissus latifolia ?
Adina cordifolia ?
Lannea ”
coromandelica '
Miliusa velutina ?
Bridelia retusa ?
Schleichera oleosa ?
Syzygium cumini ?
Garuga pinnata ?
Wendlandia tinctoria ?
Acacia farnesiana ?
Albizia lebbeck ?
Cassia fistula ?
Dalbergia sissoo ?
Morinda tinctoria ?
melanonyton ’
Eucalyptus sp. ?
Gmelina arborea ?
Peltophorum ?
pterocarpum
Xylia xylocarpa ?

Shrub and herbaceous species selection

The RI of shrub species in the FA ranged from 11.87 to 23.71.
Woodfordia fruticosa had maximum RI followed by Helicteres
isora and Nyctanthes arbor-tristis, while Cassia auriculata
had the minimum RI (Table 2). All the six species found were
recommended for use in restoration activity. Abundance of
herbaceous species in the FA ranged from 1-9. Maximum
abundance was experienced by Cyperus compressus followed
by Chloris virgata, Dactyloctenium aegypticum = Digitaria
marginata, Chloris barbata = Aristida setacea, Setaria verticillata=
Isellema taxum, etc. However, the minimum was experienced by
Pennisetum sp. (Table 2). On the basis of abundance rating the
top sixteen herbaceous species were selected from the mining
forest area for restoration activity (Table 2). Generally natural
succession commences with herbaceous species among the
higher plant groups.

Thus introducing the herbaceous species from the FA can
enhance succession rate on OD and AD. Promoting selected
native shrub and herb species on the periphery of dumps and
on stream-bed can act as vegetative filter to reduce soil and
water pollution in the surrounding areas [6,24]. Shrubs are
more effective in halting runoff and erosion [25] than the agro
forestry crops. Therefore, in this study, native shrub species are
suggested for the dumps as the first phase of restoration. One
of the parameters considered to select plant species was the
slope gradient. Two shrubs named as N. arbor-tristis and W.
exerta and three herbaceous species named as S. verticillata,
Themeda arundinaceae and D. aegyptium were found abundant
on the slopes. Therefore, these species should be grown on
dump slopes. The soils of both AD and OD were of similar nature
as that of FA and P. Moreover 70cm of the topsoil is stocked
separately for spreading it on the dumps during resolution.
Therefore, the selected plant species will successively grow on
dumps. A small part of OD has already been successfully planted
with A. farnesiana.

Conclusion

To restore the biological quality of the degraded habitats
of Raikela Iron Ore Mine (RIOM), selection of native plant life
forms of different strata from FA and P based on the study of
their IVI, regeneration potential, growth rate, productivity,
relative index and abundance rank for plantation may be an
ideal method. In achieving better growth of planted species on
dumps certain steps should be followed which includes water
management to promote growth of perennial species, protection
from anthropogenic disturbances i.e. grazing and cutting. In
addition, ecological study at regular intervals is needed to
monitor the survival and growth of plant species and to find out
the effects of various plant species on the habitat conditions. At
regular intervals study on soil physico- chemical parameters
indicate about the change in soil nutrient status of the restored
area. Further, monitoring of vertebrate faunal communities and
their association with plant life forms in restored areas may also
be important in understanding the overall effects of restoration
work. Such restoration practice is also important to reduce high
rates of forest destruction, energy shortages and steps towards
conservation of biological resources.
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