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Abstract

Aim: The aim was to develop tasar cultivation zones by introducing diverse tasar host plant species at mined out sites undergoing ecological restoration
for generating sustainable livelihood option for local tribals.

Methodology: The site selected for vanya sericulture was an
integral part of ecologically restored 250 -acres limestone/dolomite
mined out area of Steel Authority of India Limited (SAIL).Tasar
cultivation zones were developed by planting saplings of host plant
species viz, Terminalia tomentosa (Roxb.) ex DC., Terminalia : e : S g
arjuna Wright & Arn., Terminalia belerica (Gaertn) Roxb, Ziziphus " Restoredsite
mauritiana Lam., Terminalia chebula Retz. and Syzygium cumini ' l o
(L.) Skeels. These cultivation zones are currently scattered among

nine forest communities that were developed by growing saplings
of more than 260 native species of trees and shrubs, besides jgs | :
ground vegetation, using ecosystem approach. Women self-help B, S
groups were formed and trained in rearing of tasar silkworms as Fgy

well as making tasar-based products to ensure continuous practice
of tasar silkworm culture at these novel cultivation zones.

- Rearing of silkworms &
- harvesting cocoons

Grainage activities & SeIIin
cocoons at local markets

Results: During early ecological stages of ecosystem redevelopment through restoration of the habitat, it was observed that wild tasar moths laid eggs
and silkworms spun cocoons, albeit in very small quantity, indicating suitability of foliage as food for larvae. In the year 2019-2020 alone, an estimated
one lakh cocoons were produced from DFLs procured from CTRTI, Ranchi,and sent to the market/stored as seed cocoon. The average income per
member of self-help group from sale of tasar cocoons was Rs 7, 855 (INR) annually.

Interpretation: The restored ecosystems in the limestone/dolomite mined-out areas of SAIL at Purnapani serve as an excellent model for conservation
of Tasar gene pools and sustainable livelihood development that can be replicated elsewhere. Hence, this practise can serve as an excellent model for
replication elsewhere
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Introduction

Land degradation is an issue of global concern and one of
the biggest threat to human civilization in the 21% century.
According to Tilauhun and Zewide, (2021) millions of hectares of
productive land are being degraded every year and this includes
30% of forests, 20% of all cultivated areas, and 10% of grasslands
which impact over 33% of the earth’s land surface and over 2.6
billion people globally. Estimated land degradation in India due to
mining is about 36 lakh ha of land, which is 0.11% of total land
area of the country (Singh, 2004). In Odisha, 50% of deforestation
(which accounts for 17% of the deforestation of the country)
occurred between the years 2001-2019 due to mining-related
activities (Mishra et al., 2022). According to World Environment
Forum (WEF, 2020) degradation of ecosystems leads to
significant alteration in local food chains and food webs
threatening biological diversity and peoples’ livelihoods. In
degraded ecosystems, native plants including host plants of
insects have been vanishing, while exotic and/or invasive species
have been colonizing fragmented patches (Lindenmayer and
Fisher, 2006; Bennett and Saunders, 2010). Loss of habitat not
only affects specialist insects that occupy particular ecological
niches (like local eco-races of vanya silkworms), but also other
common and generalist species (Sanchez-Bayo and Wyckhuys,
2019). The forest ecosystems with rich flora and fauna are home
to indigenous primitive tribal peoples who are dependent on
forests and forest produce for livelihoods and survival (Panda and
Barik, 2011; Dalei and Gupt, 2014).

These ecosystems are also mineral rich and hence,
extensively exploited for extraction of georesources through open
cast mining leading to degradation of the ecosystems and loss of
livelihoods. The United Nations (UN) has responded urgently to
the ecological crisis caused by anthropogenic destruction of
natural ecosystems by declaring the year 2021-2030 as the UN
Decade on Ecosystem Restoration (Lengefeld et al., 2022).
“Ecological Restoration” refers to bringing back the dead or
degraded ecosystem to its original state with realistic biotic and
abiotic thresholds that render it functional and sustainable (Gann
etal.,2019). Ecological restoration of degraded ecosystems such
as mined-out areas is a pressing issue, fueled by the need for
rehabilitation of denuded lands; conservation of flora, fauna, and
genetic resources; restoration of biodiversity and ecosystem
services, and mitigation of climate change (Van Oosten, 2013;
Locatelli et al., 2016). The contribution of ecological restoration
programs is phenomenal as it not only heals the ecosystem but
can also open opportunities for local livelihoods through
sustainable harvesting of ecosystem goods and services (Fischer
etal., 2021).

Tasar cultivation has emerged as the most viable source
of income with minimum investment, and high returns in tribal
areas of Eastern and Central India (Jolly et al., 1975; Nath and
Modak, 2022).The occupation of rearing of tasar silkworms for
cocoons, and its trading has been a part of the socio-economic
and cultural practices of tribals in Odisha since times immemorial

(Mohanty, 2003; Suryanarayana and Srivastava, 2005). In
Odisha, tasar silkworm rearing is being carried out both in wild
and semi-domesticated conditions. Antheraea mylitta is, a semi-
domesticated species has two commercially cultivated ecoraces,
Daba and Sukinda. The ecoraces Nalia, Barharwa, and Modal
are cultivated as wild varieties (Jolly et al., 1975; Alam et al.,
2018). The host plants of tasar silkworm includes Terminalia
tomentosa, T. arjuna, Ziziphus mauritiana and Shorea robusta
(Renuka and Shamitha, 2015). Livelihood generation through
Vanya sericulture is particularly suitable for tribal women as itis a
nature-based technology that can be understood easily and
adopted by tribal community (Yadav and Jadhav, 2017; Nath and
Modak, 2022). According to Hugar et al. (2013), training in
rearing-related activities can lead to skill development and
capacity building, which are integral components for successful
implementation of tasar cultivation.

Any successfully restored ecosystem should have a
strong component of biodiversity conservation, and productivity
in the form of ecosystem services and goods, as this can
ultimately empower the concerned local community through
livelihood options (Fischer et al., 2021). A successful ecological
restoration project often requires the participation of a variety of
stakeholders with diverse interests and expertise, but working for
the same cause (Weng, 2015). The present paper highlights
establishment of Vanya sericulture zones and concomitant
economic benefits to local people within the larger framework of a
successful ecological-restoration program that transformed a
former degraded mined-out site in Purnapani, Odisha, into a
productive natural ecosystem. This is perhaps the first report on
the successful restoration of a mined-out areas where
conservation of biodiversity is integrated with the sustainable
livelihood of tribal community through tasar cultivation.

Material and Methods

Site description and local livelihood pattern survey: Purnapani
village is a part of Sundergarh district of Odisha and is located near
Odisha-Jharkhand Border area (Fig.1). It is approximately 30 km
away from Rourkela by road. The project area (N22°24'47.28” E84
°52' 11.4”using Garmin eTrex Vista® H GPS) is part of a limestone
(dolomite) mined-out areas of Steel Authority of India (PL&DQ) at
Purnapani. The mined-out areas include degraded over-burden
dumps (OBD) and voids containing water with no or scarce
biological productivity. OBDs were infested with weeds such as
Lantana camara and Chromolaena odorata, etc. and a few
scattered trees of Acacia nilotica. The site is surrounded by
degraded reserve forest area where tribal community live.
Approximately 250-acres of OBD mined-out areas and 200-acre
mine void reservoir were selected for the ecological restoration. A
socio-economic pilot survey was carried out to assess the
livelihood patterns during pre- and post-mining periods. The local
people were an integral component of the forest ecosystem (Dalei
and Gupt, 2014;Ticktin et al., 2018). Accordingly, a site-specific
restoration plan was prepared based on the local vegetation
types, soil, climate, and needs of the local communities (Fig. 2).
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Development of novel tasar cultivation zones: The primary
aim for ecosystem redevelopment was to bring back
characteristic flora and fauna of the area. The structure and
composition of plant communities were formulated in a way to
match the existing neighbourhood reserve forest, and pre-mining
status. At least one thousand saplings each of more than 260
native species of frees and shrubs at a density of 4000 plants per
hectare and ground vegetation characteristic of local forest
communities were introduced at the restoration sites (Fig. 2a,b).
The tasar cultivation zones were developed as two separate
blocks of 20 acres each within the restored areas by introducing
saplings of host plant species, especially, T. tomentosa (35%) and
T. arjuna (35%) of the total number of individuals to form forest
communities dominated by the primary host plants of tasar
silkworm. S. robusta, Z. mauritiana, T. bellerica and others species
make up remaining 30% of the communities developed (Table1).
These plantation areas (tasar cultivation zones) were developed
to provide an alternative livelihood for the local community by
rearing and harvesting and marketing of cocoons of tasar
silkworms. The saplings were inoculated with the forest soil and
broth culture of plant growth promoting microorganisms. The
ground cover was also established to an extent of 95% at this site.

Formation of self-help group & Tasar sericulture training:
Tasar cultivation is a labour-intensive occupation. It involves
interlinked activities such as plantation of host plant, rearing of
silkworm, transferring of silkworm, harvesting of cocoons, cocoon

Furnapani

preservation, grainage activities, and post cocoon associated
activities such as yarn making, weaving, and processing of fabric
(Ahmed and Rajan, 2011; Dewangan, 2013). For the successful
implementation of tasar sericulture, training was imparted in
groups. Approximately, 100 participants (mostly women) from
neighborhood villages, who were trained and engaged earlier for
collection and handling of saplings, seeds, and microbial
inoculants of the restoration work, were imparted training in tasar
silkworm, after restoration activities were completed. This training
was to promote forest-based livelihood by sustainably utilizing the
restored ecosystem for enhancing income as well as improving
socio-economic status. Local self-help groups consisting of 20
members each were formed and trained in a 2-week training
program arranged at the Central Tasar Research & Training
Institute (CTRTI), Ranchi for rearing tasar silkworm culture on
host plants of restored forest ecosystems and neighboring
forests. Various field training programs in the vernacular language
were also organized at restored sites for locals to strengthen the
practical skills already acquired. With these skills acquired during
training they practiced rearing of tasar silkworm on host trees of the
restored ecosystems, and also promoted tasar silkworm rearing in
the entire village. Apart from the training, regular field interactions
with scientists and technical staff were organized for the trained self-
help group members to monitor progress and empower
competency as well as skill in this Vanya sericulture. These trainees
were provided with necessary infrastructure and support for
practicing tasar rearing on a large scale.

Odisha

Fig. 1: (a) Map of India showing the location of Odisha state; (b) Map of Odisha state showing Sundergarh district and location of Purnapani and
(c) Google earthmap showing ecologically restored mined out site and deep mine void of Steel Authority of India (SAIL) at Purnapani.
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Fig. 2: Mined out sites before ecological restoration (a) and same sites of figure (a) after 15 years of restoration (b) of Steel Authority of India (SAIL) at

Purnapani.

Tasar cultivation: Participants of the self-help groups were
provided disease-free layings (DFLs) of A. mylitta Drury (Daba)
procured from the Central Tasar Research & Training Institute
(CTRTI) Ranchi and RSRS, Baripada, Odisha as a part of the
ongoing restoration project. Since, A. mylitta Drury is a
polyphagous insect by nature, larvae were introduced on diverse
host species, but the larvae were primarily reared on T. arjuna, T.
tomentosa, S. robusta and Z. mauritiana. Keeping in view the
plants’ health status and herbivory stress, the cultivation area was
shifted from one plot of host plants to another plot after each crop.
Local communities often remained in contact with experts and
scientists through video conferences to seek guidance regarding
the shifting of insects from one host to another and to monitor the
development of larvae as well as the formation of cocoons.

Results and Discussion

The degraded mined-out area of 250 acres under study
was restored to a 5-storeyed tropical rain forest with a top canopy
reaching 80 feet within 15 years (Fig. 2b). The restored area
currently harbors nine plant communities with more than 260
native woody species, some of which are host plant of the tasar
silk worm and lac insect, while others produce nectar-bearing
flowers. Different species established as through ecological
restoration of the habitat started yielding minor non-timber forest
produce (NTFP) such as tendu leaves, sal leaves and seeds,
mahua flowers and seeds, Amla, Chiraunjee, Ber, Soapnut,
herbal medicines and others. Since ecologically-restored sites
are surrounded by natural forest areas, movement of wild
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Fig. 3: Cocoon developed on the leaves of different host plants (a) Terminalia tomentosa; (b) Terminalia arjuna; (c) Ziziphus mauritiana and (d) Shorea

robusta growing at restored sites of Steel Authority of India (SAIL) at Purnapani.

silkmoths from neighbourhood forests to foliage-rich restored
sites was observed. In fact, oviposition by wild tasar moths and
silkworms spinning cocoons were recorded in the tasar
sericulture zones, which harbour more than half of total forty-five
forest host plants species (Table 1) that serve reported as primary,
secondary and tertiary host plants (Srivastav and Thangavelu,
2005). Rearing of tasar silkworm were practiced by self-help
groups and cocoons were harvested primarily from T arjuna, T.
tomentosa, S. robusta and Z. mauritiana host plants (Fig. 3). The
mortality rate of larvae of silkworm was quite low due to negligible
pest load because of the rich surrounding biodiversity. It has been
reported that the cocoons productivity was higher in fields
surrounded by reserve forest as compared to the field without
surrounding native vegetation (Panda et al., 2022).

The size of cocoons harvested at the restored sites were
large and of high quality. Hence, these cocoons were in high
demand in the local co-operative market. The average weight per
cocoon ranged from 9.50 g to 12.20 g each. In general, the
average weight of cocoons from larvae fed on secondary host
plants as well as wild insect cocoons was found to be less than
cocoons harvested from primary host plants in the tasar
sericulture zones at the restored sites. Tripathi et al., (1988) have
also documented that primary host species such as T
tomentaosa, T. arjuna and S. robusta trees support better growth
and development of larvae, which lead to formation of large size
cocoons and better yield of tasar silk yarn than other species of
host plants. Majority (80%) of the cocoons were sold in the local
co-operative market run by Sericulture Department of Odisha, and
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Table1: Host plants of tropical tasar silkworm found in the restored ecosystems of limestone mined out areas of SAIL at Purnapani

Scientific name Local name Family
Primary host plant

Terminalia tomentosa (Roxb.) exDC Asan Combretaceae
Terminalia arjuna Wright &Arn., Arjun Combretaceae
Shorea robustaRoth Sal Dipterocarpaceae
Ziziphus mauritiana Lam. Ber (Berkoli) Rhamnaceae
Lagerstroemia parviflora Roxb. Sidha Lythraceae
Secondary host plants

Terminalia belerica (Gaertn) Roxb. Bahera Combretaceae
Terminalia chebula Retz. Haritki Combretaceae
Syzygium cumini (L.) Skeels. Jamun Myrtaceae
Anogeissus latifolia (Roxb. ex DC.) Wall. ex Guill. & Perr. Dhaura Combretaceae
Baubhinia variegata (L.) Benth Kanchana orKachanar Fabaceae
Ficusretusal. Pipal Moraceae
Ficus religiosa L. forssk. Aswatha, Pipal Moraceae
Ziziphus xylopyrus (Retz.) Wild Ber Rhamnaceae
Ziziphus rugosa Lam. Ber Rhamnaceae
Cassia sennal. Swarnapatri Fabaceae
Madhuca longifolia (J. Konig) J. F Macbr Mahua Sapotacaea
Bombax ceiba (L.) Simuli Malvaceae
Dodonaea viscosa (L.) Jacq. Dodonia Sapindacaea
Terminalia alata Heyne ex Roth Asan Combretaceae
TectonagrandisLf. Teak Lamiaceae

the remaining 20% cocoons were kept as seed for the next crop. In
the year 2019-2020 alone, an estimated one lakh cocoons were
produced and sent to the market/stored as seed cocoon.

The average income of the self-help group members from
the sale of tasar cocoons was Rs 7,855 (INR) per member
annually. Interestingly, most of the beneficiaries of tasar
cultivation were women, which is common to tasar cultivation
sector (Jolly et al., 1975; Dewangan, 2013; Hugar et al., 2013;
Yadav and Jadhav, 2017; Nath and Modak, 2022). This suggests
that forest-based livelihood fostered by income generating
activities like rearing of tasar silkworm at degraded sites
undergoing restoration empowered women. Since the local
communities (both men and women) were also trained in reeling
and weaving activities by CTRTI, Ranchi, this endeavor not only
provided opportunities to utilize restored-ecosystems for livelihood,
but also provided an incentive for sustaining the restored sites.
Similar observations have been reported by Vishaka et al., (2020)
where promoting tasar silkworm cultivation not only empowered
locals by generating livelihood but also promoted sustenance of
restored sites by non-cutting and non-felling of host trees as
silkworm cultivation had becomea part of their life.

The results on the socio-economic survey conducted
suggests a sectoral change in the livelihood pattern during pre-
mining and post-mining periods with the local communities
returning to pre-mining livelihood options during restoration
period, such as agriculture, fishing, collection of fuel wood and
nontimber forest produce (Dalei and Gupt, 2014). It was observed
that rearing of tasar silkworms on T. arjuna, T. tomentosa and Z.

mauritiana by self-help groups did not impact the health of the
restored ecosystem in terms of tree growth and nutrient cycling.
Although rearing of tasar silk worm was restricted to about 5,550
trees and the yield of cocoons was more than one lakh during the
year 2019-2020, the host trees showed normal growth and biomass
production. This suggests that nutrient cycling was not disrupted
due to rearing of tasar silkworm as the larval faecal matter tend to
enrich soil nutrients (Mevada et al.,, 2018).

This study could be perfect model system for government
initiative program such as ‘Mahila Kisan Sashaktikaran
Pariyojana” where Central Silk Board (CSB) in association with
the Ministry of Rural Development of Government of India
contemplate revolutionizing tasar silk production through
development of tasar cultivation zones using ecological
restoration methodologies (Sathyanarayana et al, 2018).
Successful outcome of this project also showed that approaches
based on need and participation of various stake holders (local
community, the government and private organizations) was the
right strategy for evolving socio-ecological systems (Balana et al.,
2010; Gann et al., 2019; Gornish et al., 2021). Hence, linking
schemes of multiple partner agencies (Government, Private, and
NGOs) on conservation programs, biodiversity research,
greening programmes, training and promotion for sustainable
development is essential for achieving the objectives of
restoration of degraded lands, including mined out areas and
making sustainable livelihood an option for locals.

Outcome and key lessons learned from the present study:
The ecologically restored mined-out site of SAIL at Purnapani,
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Odisha, is exemplary on many counts — within a span of 15 years,
barren mined-out areas were restored to a 5-storeyed tropical
rain forest ecosystem with top canopy reaching 80 ft height,
capable of providing sustainable livelihoods to local communities,
besides other ecosystem services. This success can serve as a
model for replication elsewhere and act as a demonstration plot
for trainees and students on how ecological transformation of
degraded landscapes to natural productive forest ecosystems
can be achieved leading to sustainable development. The key
lessons learned from this study are-

(i) Self-sustaining biodiversity-rich ecosystem- The
restored ecosystem should harbor a characteristic assemblage of
indigenous species to the greatest practicable extent which is
similar to the reference site (Gann et al., 2019). The restored
forest ecosystem must be site specific providing ecological
services and goods for livelihood of local peoples.

(i) Linking of multiple stakeholders and programs -
Ecological restoration is a complex and highly dynamic process
which needs inputs from multidisciplinary experts. Therefore,
combined efforts need to be made by all the stakeholders such as
researchers, professionals, and policymakers (Balana et al.,
2010; Elias et al.,2022). Interlinking of government programs,
non-governmental organizations, private sector and University
research academia is likely to yield rich dividends and be a game
changer in restoration ecology of degraded ecosystems with
sustainable livelihood generation (Gann et al., 2019).

(i) Local community participation- Engaging local
peoples and indigenous tribals in the planning, implementation,
and monitoring of any ecological restoration program is always
beneficial (Balana et al., 2010; Gann et al., 2019; Elias et al.,
2022). Local communities are primary stakeholders and play a
major role in the sustenance of restored sites while they harvest
ecosystem goods and services from the restored ecosystem.

(iv) Skill development and awareness- From habitat
processing to the harvesting of ecological services, skilled and
informed (wo)manpower is needed (Gann et al., 2019).
Stakeholders having expertise in training of forest-based
livelihood generation can play a vital role in conservation of tasar
silkworm germplasm.

(v) Restored ecosystems at the limestone/dolomite
mined-out areas of SAIL at Purnapani, Odisha, serve an excellent
model for establishment of tasar sericulture zone,conservation of
tasar silkworm gene pools and sustainable livelihood
development that can be replicated elsewhere.

The observations presented in the paper demonstrate
successful harvesting of non-timber forest produce (NTFP) viz.
cocoons of tasar silkworm as evidence of ecological goods and
services as well as livelihood for locals rendered by a successful
ecological restoration program for degraded mined-out areas and
exemplifies a sustainable development model.
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