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CHAPTER - 1

Introduction

The state o f Goa is endowed with mineral resources and mining has emerged as a
dominant industry adding immensely to its economy. Although being the smallest state
of India with a total area of 3702 sq km, Goa harbours rich tropical forests and a varied
biodiversity along the Western Ghats. This region in Goa is a biodiversity hotspot
containing dense tropical forests o f about 1424 sq km, 20% o f which is under mining,
the highest proportion in any state o f the country. According to the world ranking on
iron ore deposits, India is ranked sixth with a large contribution made from the iron ore
mines in Goa. However, impacts o f mining have reached alarming proportions in the
state as most o f the mine sites lie adjoining the biodiversity rich areas (Fig. 1) and
abandoned mine wastelands have led to severe environmental deterioration. Mining
practice in Goa is carried out by the open-cast method which requires the clearing of
large tracts o f forests, removal o f the overlying nutrient rich top soil and finally
excavating the ore rich soils (Mallya and Stalin, 2010). On an average one ton o f iron
ore mined produces 2-3 tones o f mining waste (Rodrigues, 1998).

Mining as well as processing o f mineral ores produce vast stretches o f visually
unattractive land covered with spoil. Mine spoils are m ostly nutritionally impoverished
habitats characterized by low nitrogen (N) mineralization rates, low phosphate (P)
availability, low soil organic matter, poor soil structure, compacted subsoil, poor
drainage, low water holding capacity (King, 1988) and lack o f microbial activity
(Gonzalez-Sangregorio et al., 1991). These characteristics o f metalliferous wastes are
often detrimental for successful vegetation establishment, most notably because o f the
phytotoxic levels o f residual heavy metals, low nutrient status and poor physical
structure o f the substratum (Tordoff et al., 2000). W ith rising environmentalism, co
current post-mining revegetation o f the degraded land has become an integral feature of
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Figure 1: Map of Goa showing the mining area adjoining forest area

the whole mining spectrum (Ghose, 1989). Plants form an integrative part o f the
restoration process and the use o f an effective vegetation cover would accelerate
stabilization and ecosystem restoration. They improve soils through numerous
processes including maintenance or increase o f soil organic matter, biological N
fixation, uptake o f nutrients from below the reach o f roots o f under-storey herbaceous
vegetation, increased water infiltration and storage, reduced loss o f nutrients by erosion
and leaching, improved soil physical properties, reduced soil acidity and improved soil
biological activity (Young, 1997). However, impacts o f trees on soil fertility depend on
their nutrient cycling characteristics such as litter chemistry and decomposition
(Montagnini et al., 1995).

Forest restoration can be achieved only if both researchers and managers have clear
concepts about what they are restoring for and why (Ashton et al., 2001). The ultimate
aim of restoration should be ecosystem development and not merely obtaining a green
cover. Natural forest succession in mine wastelands takes a long time to accumulate
enough nutrients to support plant growth and enhance soil microbial activity and
initially deliberate revegetation using suitable pioneer plant species is required.
According to Brown et al., (2003), vascular plant seeds are being continuously
transported into the disturbed area from surrounding locations by wind, animals, or
other vectors, but most o f them fail to establish due to the physical and chemical
limitations to germination and growth caused by the geological materials exposed at the
surface. Establishment o f initial vegetation is a crucial process and the selection of
species for planting is a critical factor in revegetation programmes because plants are
affected by environmental conditions, such as water and nutrient availability (Tilman,
1988). In tropical forests characterized by high biological diversity, restoration usually
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requires planting or encouraging re-growth of diverse native species (Raman et al.,
2009). Early serai-pioneers can establish immediately after a disturbance on unoccupied
micro-sites, promoting simultaneous initiation o f a new stand that comprises o f pioneers
and late successional species depending on disperser availability, seed availability, and
nature and cause o f the disturbance (Goodale et al., 2012, Singhakumar et al., 2000,
Chandrashekara & Ramakrishnan, 1993). Tropical pioneer species may be important in
the long-term stability o f the forest following disturbance by helping to stabilize the
soil, preventing soil erosion and excessive water run-off (Burgess, 1971). They have
been proposed as good candidates to establish late succession species under their
canopy as well as to accelerate the ecosystem services in restoration efforts, thus
forming an integral part of a restoration process. Although this poses challenges for
seed collection, germination and planting and, may involve high costs, recent work
indicates an encouraging potential for mixed-native pioneer species for restoration o f
degraded tropical forests (Lamb et al., 2005). Currently, plantation o f fast growing trees
like Acacia auriculiformis and Casuarina equisetifolia is being practiced in Goa, giving
rise to a monoculture o f exotic plant species in the middle o f dense tropical forests
evolved over millions o f years (M allya and Stalin, 2010). The use o f exotic fast
growing tree species such as Acacia and Casuarina is an easy way out, as they adapt to
the prevailing harsh conditions and grow lavishly, quickly creating a green cover.
However, these non-indigenous plant species can pose a great threat to the ecosystem as
they have the potential to alter the natural ecosystem both above and below ground, as
well as the neighbouring non-disturbed communities. Thus the use o f native plants for
revegetation needs to be emphasized, and more research is required to plan out
strategies for using native plant species in order to reconstruct a self sustaining
ecosystem.
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Though initially, it is unlikely to produce a vegetation cover totally identical to the
previously existing one, it is necessary to develop a self sustaining system for stand
initiation using pioneer species, which will later lead to succession o f a desired
ecosystem. M ost rainforest restoration projects have focused on the recovery o f trees to
re-establish canopy closure which allows the forest floor to stabilize under a more
constant microclimate and facilitate germination o f shade-loving rainforest species
(Harden et al., 2004). Species with fast crown growth and high coverage rates are
therefore favorable for the stabilization o f surface soils, especially at the early stages of
revegetation (Ishimaru et al., 2005). Under these circumstances selecting fast growing
native pioneer species is a crucial step in hastening the process o f restoration. Also, in
degraded sites, pioneers have the ability to ameliorate the above- and below-ground
environment and are important in reforestation, and forest rehabilitation; all vital
elements in climate change mitigation efforts (Goodale et al., 2009). In natural
restoration process o f tropical forests, it has been noticed that pioneers species like

Trema orientalis and Macaranga peltata are among the first to establish on disturbed
sites and are pioneers for initiation (Ashton et al., 2001). They also dominate the soil
seed banks in forests (Amarasinghe et al., 2007). Therefore, being high light restricted
pioneers and disturbance tolerant species native to tropical Asia, Trema oreintalis and

Macaranga peltata have been described as the best suited plants for restoration
(Goodale et al., 2009).

Trema orientalis (L.) Blume (Syn. T. guineensis (Schum. and Thonn.) Ficalho) is a
pioneer tree species native to Africa, Asia, Australia and Pacific islands. It belongs to
the family Cannabaceae and is commonly called the “Indian charcoal tree”. Owing to
its dense root system in surface soils, it grows rapidly in stone and drought lands, and
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prevents soil from collapsing (Chang et al., 2007). It is also reported to be a metal
tolerant plant species (Sam'antaray et al., 1999), one o f the first to establish on disturbed
soils and therefore may be considered as a key species in ecological restoration o f mine
wastelands in tropical countries. Being a light demanding species, T. orientalis is
restricted to high light environments and large disturbances (Goodale et al., 2012) and
prefers well-drained exposed soils without leaf litter. Among Asian tropical pioneers, it
is recorded as the fastest growing species (Goodale et al., 2009) showing better growth
performance than Acacia mangium and Eucalyptus camadonesis (Jahan and Mun,
2005). It is reported as a nitrogen-fixing tree (Samantaray et al., 1995) growing up to a
height of 11.5 m and a girth o f 21.3 cm within 2 years (Jahan and Mun, 2004), thus
demonstrating the ability to establish fast on nutrient deficient soils. Further, it is an
economically valuable plant species for fuel wood to local communities, industrially as
a potential source for pulp in paper industry (Jahan and Mun, 2003, 2007) and
medicinally important being useful to diabetic patients (Dimo et al., 2006) and having
wide applications in traditional medicine (Adinortey et al., 2013). Trema orientalis also
attracts birds and butterflies in newly established sites. W ang et al., (2002) recorded 36
species o f birds feeding on fruits o f T. orientalis that are its primary seed dispersing
agents, while 14 species o f butterflies are known to use it as their larval food plant
(http://www.plantzafrica.com/planttuv/tremaorientalis). However, it has been reported
that fresh seeds o f T. orientalis were dormant and did not germinate (Hall and Swaine,
1980), while the length o f dormancy breaking period and treatment was not determined
(Baskin and Baskin, 1998).

Macaranga peltata (Roxb.) Mull. Arg. is a tropical tree commonly found in the Indian
forests belonging to family Euphorbiaceae. It is one o f the pioneer species for stand
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initiation and attains the canopy o f a mixture early in stand development (Ashton et al.,
2001). This species is widely studied as an early secondary species for restoration in
India and Sri Lanka (http://en.wikipedia.org/wiki/Macaranga_peltata) and is noted as a
native recoloniser. It is a light demanding tree restricted to large canopy openings and is
recorded as a disturbance tolerant species (Chandrashekara and Ramakrishnan, 1993,
Goodale et al., 2012), hence suitable for revegetating large forest gaps. Macaranga

peltata commonly occurs as an early succession tree, fast growing up to a height o f 11
m (Goodale et al., 2009). In response to higher light regimes in disturbed sites, it
exhibits a high shoot to root ratio thus facilitating efficient light capture and faster
growth (Chandrashekara and Ramakrishnan, 1993). It produces large amount o f leaf
litter which decomposes rapidly (Sundarapandian and Swamy, 1999), and contribute
largely to an increase in soil organic matter in nutrient deficient areas. In Thailand,
species o f Macaranga have been commonly used as a fallow crop in conjugation with
Arbuscular Mycorrhizal (AM) fungi, where it played a major role in nutrient cycling
and soil enrichment (Youpensuk et al., 2004). Recruitment o f viable seeds, germination,
seedling establishment and their growth are indicators o f regeneration potential o f a
plant community. Macaranga peltata produces light weight seeds and has good
coppicing ability thus invading nearby areas. Tropical forests o f Western Ghats in India,
have greater germinable seed banks o f M. peltata outside the monsoon period i.e.
during October to Decemeber, however, staggered germination over a period o f five
months has been recorded (Chandrashekara and Ramakrishnan, 1993).

While introducing late-successional species it is often desirable to reach end goals.
Pioneer species are often more adapted to degraded or altered conditions and are
frequently encountered at restoration sites (Simmons et al., 2012). Trema orientalis (L.)
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Blume and Macaranga peltata (Roxb.) Mull. Arg. are best suited for tropical forest
reforestation arid showcase wide adaptability to conditions prevailing in mine
wastelands. However, the low availability o f plant propagules due to the seasonal nature
o f seeds and poor non-synchronous germination often limits their use in revegetation
programmes. M any desirable native plants are difficult to propagate by seed for a
variety of reasons such as poor germination, poor seed production, short seed viability,
and complex dormancy (King et al., 2009). Knowledge o f seed germination and
requirements for dormancy break is therefore essential for restoration projects where
there is a limited supply o f seeds (Marques and Draper, 2012) and seedlings. A
complete understanding o f germination traits o f these forest tree species with ecological
adaptations and enhancement of germination would therefore be a stepping stone in
forest management and restoration. Micropropagation o f tree species also offers a rapid
means to produce clonal planting stock for re-forestation programmes, gardening, and
the conservation o f elite and rare germplasm (Fenning and Gershenzon, 2002).

Plant

tissue culture is currently being used to produce plants for reclamation in Australia and
has been investigated for phosphate mine reclamation in Florida (Kalmbacher et al.,
2004; Willyams, 2005). Tissue culture has advantages over other propagation systems
as it provides rapid clonal propagation that can be performed throughout the year
(Armstrong and Johnson, 2001). The other advantages include: Production o f plants
that are genetically identical to the parent material; site-specific plants can be developed
from parent plants acclimatized to a particular location; plants may be quicker to
mature, flower and set seed; many thousands o f plants can be cultured in a very small
space (King et al., 2009).
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Also, there are several evidences that the disturbed sites may be revegetated more
promptly when the seedlings o f planted species are pre-inoculated with microbial
inoculants (Dubey et al., 2006). M ine spoil amendment with bio-fertilizers such as
farmyard manure, vermi-compost and arbuscular mycorrhiza (AM) is essential in order
to neutralize soil acidity, overcome nutrient deficiency, enhance the soil microbial
activity and hasten plant establishment. Farmyard manure is a rich source o f N and
would largely promote plant growth and increase the microbial population in spoil. The
inoculation o f plants with AM fungi is considered a pre-requisite for successful
restoration o f heavy metal contaminated soils (Gaur and Adholeya, 2004) and low
levels of mycorrhizal soil inoculum frequently delays successful restoration (Quoreshi,
2008). Arbuscular mycorrhizal fungi are known to enhance root absorption area up to
47-fold (Smith and Read, 1997) thus helping in overcoming the nutrient deficient
conditions prevailing in the mine wastelands. Besides nutrient uptake the other benefits
of using AM inoculum include, altering soil pH (i.e., acidification), immobilization (by
adsorption, chelation or absorption) o f free metallic species in the soil solution and
modification o f root exudation (Giasson et al., 2008). It may also protect their host
plants from excessive metal or metalloid toxicity through P nutrition by activating P,
chemical precipitation in the soil, tissue dilution due to increased plant biomass, hyphal
sequestration o f metal and root immobilization (Giasson et al., 2008). Glomalin, a
glycoprotein produced by AM fungal hyphae plays an important role in the
immobilization (‘filtering’) o f heavy metals at the soil-hypha interface, i.e. before entry
into fungal-plant system (Khan, 2006). It is also reported that the extra-radical mycelia
o f AM fungi play a crucial role in soil particle aggregation and soil stability. In order to
use the AM symbiosis for phytoremediation, it is important to understand how the
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fungus itself and the establishment o f symbiosis are affected by contaminated soils
(Gohre and Paszkowski, 2006).

With increasing environmental awareness, the widespread use o f native plant species
for reclaiming mine wastelands has been gaining importance and enhanced use of
efficient native species is the need for the hour for sustainable development o f these
wastelands. In spite o f knowing the potential o f T. orientalis and M. peltata for
phytostabilization, its use is hampered due to certain lacuna in knowledge. The
suggested candidate plants have to be thoroughly studied, in terms o f bio-geographic
distribution, ecology, effective seed germination and propagation methods and growth
in mine spoils. Thus, this work bridges the gap, and encourages the use o f these
potential native plant species thus improving revegetation strategies. W ith this
background, the following objectives have been undertaken in the current study:

1. To study seed dormancy and germination dynamics in T. orientalis and M.

peltata.
2. To develop and standardize efficient protocol for in vitro regeneration,
multiplication and acclimatization for T. orientalis and M. peltata.
3. To study comparative growth and nutrient uptake in plants grown separately in
mine reject and garden soil.
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CHAPTER - 2

Review of Literature

2.1: STATUS OF MINE RECLAMATION IN INDIA
Forest reclamation is often overlooked on mine sites due to previous reforestation
failures and belief that grass fields were cheaper to achieve. However, trees play an
important role in soil building, and their use during reclamation contributes to long
term soil improvement by developing deep root system, improve drainage and aeration,
and contributing to soil organic matter through leaf and branch litter (Ashby, 1991).
Most o f the previous studies on coal mine wastelands in northern India are pertaining to
reclamation strategies and conditions prevailing at mine site, and very less literature is
available on how to efficiently restore iron ore mine wasteland. Restoration o f coal
mines is done mostly by application o f a top soil cover (Maiti and Singh, 2007).
However, poorly stored top soil often limits the growth o f plants. The Indian Bureau of
Mines, has recommended eco-restoration o f dump as a part o f natural succession
process which begins by sowing seeds o f legumes, grasses, herbs and shrubs in the
inter-spacing o f tree plantation (Maiti and Singh, 2007). Maharana and Patel (2013)
studied the physico-chemical characterization and mine soil genesis in age series, in
coal mine spoils o f Odisha, India, and estimated that for fresh mine spoil to attain
features o f native forest soil the process o f reclamation takes approximately 28 years,
provided the spoil habitat is not subjected to any other interferences like erosion,
vegetational degradation, etc.

2.2: SELECTION OF PLANT SPECIES FOR RECLAMATION
Revegetation through trees and grasses is one o f the widely used techniques for
controlling soil erosion and stabilization o f dump slope and consequently maintaining
ecological stability o f the area (Singh et al., 2012). According to Tilman (1988), the
selection o f species for planting is a critical factor in revegetation programs because
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plants are affected by environmental conditions like water and nutrient availability. The
revegetation o f eroded ecosystems must be carried out with plants selected on the basis
of their ability to survive and reproduce under severe conditions of the dump material,
the exposed situation on the dump surface and their ability to stabilize the soil structure
(Madejon et ah, 2006). Also, Sheoran et ah, (2010) suggests that these plant species
should be. easy to establish, grow quickly and have dense canopies and root systems.
Plants must be tolerant to metal contaminants for such sites (Caravaca et al., 2002;
Mendez and Maier, 2008). The selected trees for reforestation must adapt to the high
light intensity and quickly draining soils characterized by mine sites. As the restoring
forest is a dynamic ecosystem with changing species composition and forest structure,
Aerts and Honnay (2011) suggest that interventions and management could steer the
forest towards a desired climax or pre-disturbance community structure. Indigenous
species are preferable to exotics because they are most likely to fit into fully functional
ecosystem and are climatically adapted (Li et ah, 2003; Chaney et ah, 2007). Exotic
species may not be well adapted to the local environment and may be prone to severe
pest and disease outbreaks, while in some cases they may dominate and overgrow
indigenous species (Kehlenbeck et al., 2012). Singh et al., (2002) reported that native
leguminous species show greater improvement in soil fertility parameters in comparison
to native non-leguminous species. Forestry research has confirmed that highly
productive forestland can be created on reclaimed mine land by using a five-step
methodology called the Forestry Reclamation Approach (FRA) (Angel et ah, 2009).
FRA is universal'and applicable to all types o f mining and in all places worldwide. The
steps o f FRA include:
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1. Create a suitable rooting medium for good tree growth that is no less than 4ft
deep and comprised of topsoil, weathered sandstone and/or the best available
material,
2. Loosely grade the topsoil or topsoil substitutes established in step one to create a
non-compacted soil growth medium,
3. Use native and non-competitive ground covers that are compatible with growing
trees,
4. Plant two types o f trees - early succession species for wildlife and soil stability
and commercially valuable crop trees,
5. Use proper tree planting techniques.

In India, most o f the vegetation and reclamation reports are confined to the acidic coal
mine spoils with only a couple o f reports on iron ore mine spoils. Jha and Singh (1991)
studied the natural development o f vegetation on abandoned coal mines in Madhya
Pradesh, India, and reported that plant species like Dactyloctenium aegyptium, Aristida

adscensionis and Digitaria setigera formed a pioneer plant community on 5-year old
mine spoil. Among these, Aristida adscensionis was the m ost dominant species in the
formation o f all plant communities and thus may have reclamation potential in coal
mine spoils (Jha and Singh (1991). Prasad (2007) reviewed phytoremediation in India
and found the use o f Prosopis juliflora a non-native small tree and Leptochloa fusca a
grass species for reclaiming alkali soils in northern India. P. juliflora is however, an
invasive species causing mortality in native Indian species (Kaur et al., 2012).
According to Singh et al., (2012), leguminous perennial trees like Dalbergia sissoo,

Leucaena leucocephala and Alluaudia procera are fast growing as well as nodulating
and can be used to modify properties o f mine spoils, by supplying the much needed N
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and organic matter. However, o f the three species suggested, only D. sissoo is native to
India. Hanief et al., (2007) reported that the artificially reclaimed mines under Shiwalik
Sal forest developed much faster that abandoned mines, but the type o f plant
community established is different from the natural succession process. Majority o f the
studies carried out on coal mine spoils in India reported the use and growth o f exotic
species like Prosopis juliflora, Casuarina equisetifolia and Acacia auriculiformis
(Singh, 2007, 2010; Maharana and Patel, 2013; Kumar et al., 2003). However,
observations by Singh (2010) suggest that Eucalyptus hybrid, Z. luecocephala, P.

juliflora, and Cassia siamea have monopolizing tendencies and are therefore not
suitable for revegetating mine spoils.

Ashton et al., (2001) reported that Trema orientalis and Macaranga peltata are among
the first to establish on disturbed sites and are pioneers for initiation. Trema orientalis
was reported to be growing on coal, chromium and nickel mine wastelands o f Orissa,
showing high metal tolerance (Samantaray et al., 1999; Deo et al., 2011). A survey o f
vegetation at various iron ore mine sites in Goa, India showed that both the plant
species viz., T. orientalis and M. peltata grew on iron ore mine wastelands, with the
later showing greater abundance (Rodrigues et al., 1997). Rodrigues (1996a, 1996b,
1997) also surveyed other potential plant species for revegetation o f mine wastelands at
different sites in G oa and reported more than 200 plant species occurring on mine sites,
o f which 64 plant species were reported to have potential for initial revegetation. Being
high light restricted pioneers and disturbance tolerant species native to tropical Asia, T.

orientalis and M. peltata are reported as best suited candidates for restoration o f tropical
wastelands (Goodale et al., 2009).
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2.3: AM AND ORGANIC AMENDMENTS IN RECLAMATION OF MINE
WASTELANDS
Surface-mined sites lack organic matter necessary for optimum soil functioning, so the
addition o f organic amendments initiates nutrient cycling, helps overcoming other
chemical and physical limitations, and provides a receptive environment for vegetation
(Ussiri and Lai, 2005). On mine spoils, N is a major limiting nutrient and regular
addition o f fertilizer N may be required to maintain healthy growth and persistence o f
vegetation (Yang et al., 2003; Song et al., 2004). Arbuscular mycorrhizal roots can
greatly enhance acquisition o f mineral nutrients in host plants (Marschner and Dell,
1994) and it is widely acknowledged that AM play an important role in improving the
uptake o f low mobile ions like phosphate (PO43”) and in ammonium (N H /) (Smith and
Read, 1997). The m ost commonly reported mineral nutrient enhanced in host plants
with AM-roots is P (Bolan, 1991; M arschner and Dell, 1994), but acquisition o f many
other mineral nutrients (e.g., N, S, Ca, Mg, K, Zn, and Cu) are also enhanced in plants
by AM (Clark, 1997; Marschner and Dell, 1994; Persad-Chinnery and Chinnery, 1996).
According to Gohre and Paszkowki (2006), nutrients are taken up via the fungal hyphae
by specific uptake systems and can be mobilized and transported to the plant via
continuous fungal extra- and intra-cellular structures. Mycorrhizae have also been
reported in plants growing on heavy metal contaminated sites (Shetty et al., 1995;
Weissenhom and Leyval, 1995; Pawlowska et al., 1996; Chaudhry et al., 1998; 1999)
indicating that these fungi have evolved a HM-tolerance and that they may play a role
in the phytoremediation o f the site (Khan et al., 2000). The mechanism o f heavy metal
tolerance contributed by AM fungi has been described by Gohre and Paszkowki (2006).
Gaur and Adholeya (2004) reported the prospects o f AM fungi in phytoremediation o f
heavy metal contaminated soils. Dual inoculation with Trichoderma koningii and AM
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fungi increased plant growth o f Eucalyptus globulus under heavy metal contamination
conditions (Arriagada et al., 2004, 2005). Mycorrhizal propagule densities remain low
immediately after reclam ation on uninoculated sites, but re-establish themselves after
couple of years (W illiam son and Johnson, 1991). Kumar et al., (2003) screened 79 plant
species colonizing 6—yr old, 9-yr old and 12-yr old coal mine wastelands in MP, India
and found that m ajority o f the plants showed fairly good mycorrhizal association. This
indicates that plant surveillance at revegetating coal mine spoil is affected by AM
colonization (Kumar et al., 2003). M ehrotra (1996) suggested that, revegetated coal
mine wastelands can be used as potential source o f mycorrhizal inoculums for nursery
inoculations. He also suggests the need to evaluate the specific effects o f AM
inoculums on individual host plants prior to large scale nursery inoculation. M ehrotra
(1998) reported that, in designing restoration and management strategies for disturbed
lands, the contribution o f host plant species to the abundance o f AM in field and the
ability of AM fungi to colonize roots and persist in the soil should be considered.

The stimulatory effects o f organic amendments on plant growth and soil characteristics
are well-documented (Caravaca et al., 2002; Juwarkar and Jambhulkar, 2008). Organic
amendments have been shown to improve the fertility o f the abandoned mine soil and
restore a balance o f nutrients if applied in proper ratios (Seaker and Sopper, 1988;
Bendfeldt et al., 2001). Ussiri and Lai (2005) showed that it also increases the success
o f reclamation efforts. Vermicompost w hen used as organic amendment is found to be
effective as it improves soil aggregation, structure and fertility, increases soil microbial
diversity and enzymes, moisture-holding capacity o f soils, cation-exchange capacity
(CEC), and finally also crop yields (Albiach et al., 2000; Tejada et al., 2008). Chaoui et
al., (2003) observed that the earthworm casts and compost amendments significantly
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increased wheat P and K uptake compared to either non-amended control or the
mineral-fertilizer treatment. Several studies have shown that amending spoil with
vermicompost has positive effect on plant growth and yield (Arancon et al., 2008;
Sangwan et al., 2010; Arancon et al., 2005; Roy et al., 2010; Muscolo et al., 1999).
Muscolo et al., (1999) showed that the humic materials o f vermicompost produced
auxin-like effects on plants. Srivastava et al., (2012) found that the organic fertilization
using vermicompost caused an increase in soil biological activity and provided more
balanced nutrition than mineral fertilizer. It is also proved to enhance the formation o f
stable soil aggregates in physically degraded soils (Marashi and Scullion, 2003).

FYM has a stabilized organic fraction and has been used as an organic amendment for
thousands of years (Saviozzi et al., 2002). Addition o f FYM to degraded soils enhanced
microbial degradation o f chemicals (Mori et al., 1996). A num ber o f studies in India
have reported the potential o f using vermicompost and FYM to enhance plant growth,
yield and soil properties (Singh et al., 2007; Goyal et al., 1999; Saviozzi et al., 2002).
However, Nett et al., (2010) has reported that long term application o f these fertilizers
affects the soil and should be used only for a short term. Also, a differential effect o f
compost on properties o f soils with different texture was recorded (Duong et ah, 2012).

2.4: BIOLOGY OF

TREM A O R I E N T A L S

(L.) BLUME

a) Systematics, distribution and ecology
According to the recent Angiosperm Phylogeny Group (APG) III classification system
the genus Trema is now placed under the family Cannabaceae. Trema contains between
14 and 55 species, according to taxonomic reviews from different authors. A
phylogenetic study o f the genus showed that the species T. orientalis is not
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monophyletic: specimens from Africa form ed a highly supported clade sister to T.

africana, while those from Asia were sister to T. aspera from Australia (Yesson et al.,
2004). The generic nam e Trema is derived from a Greek word which means perforation
or hole and alludes to pitted seeds o f the tree, whereas the specific name orientalis is
derived from the Latin word “orientalis” meaning eastern (Adinortey et al., 2013).

Trema orientalis is a pantropical tree native to Asia (Arabia, China, Taiwan, India,
Nepal, Sri Lanka, Myanmar, Thailand, Vietnam, Indonesia, Malaysia, Papua New
Guinea, and

Philippines),

Africa

and

Australia

(http://www.ars-grin.gov/cgi-

bin/npgs/html/taxon). In India, the plant is commonly called as the Indian charcoal tree,
pigeon wood tree, hop out tree, charcoal tree, Indian nettle tree and gunpowder tree.
Some of the species are fast growing, short living pioneer trees, common in early
successional fallows and large recent gaps o f many tropical moist forests o f the world
(Vazquez-Yanes, 1998). Plants o f T. orientalis have been described in secondary
vegetation since the earliest studies o f tropical forest succession in Asia (Symington,
1933; Wyatt-Smith, 1949). These plants are often the first colonizers o f places that have
been heavily perturbed by natural causes like earthquake originated landslides that
destroy the natural vegetation (Vazquez-Yanes, 1998). Species o f Trema are short
lived, light-requiring ephemeral usually found in extensive forest clearings (Bazzaz and
Pickett, 1980). They are also frequent along the edge o f roads built through forests in
the tropics. Cheke et al., (1979) reported that in Thailand, T. orientalis seeds germinate
under high light forest clearings. In degrading uplands o f Madagascar, the first fallow
cycle following deforestation was dominated by T. orientalis exhibiting an exponential
growth curve, w ith slow growth in the initial 3 years (Styger et al., 2009).
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b) Propagation
Previous studies on soil seed banks in forests have shown that seeds o f early succession
species like, T. orientalis , account for m ost individuals in the seed bank o f different
forest habitats (Quintana- Ascencio et al., 1996). In the Ghanian forests, T. orientalis
have been recorded to be abundant in soil seed banks (Hall and Swaine, 1980). A study
o f soil seed bank o f secondary forest species in Thailand revealed that viable seeds o f T.

orientalis were found up to 175 m from the source o f mother tree (Cheke et al., 1979).
However, seeds o f T .orientalis can remain dormant in the soil (Muhanguzi et al.,
2005), and only a few seeds may germinate when favourable conditions are present
(Shimizu, 2005). Vazquez-Yanes (1977) found that the seeds o f T. orientalis require 6
months o f storage at room temperature to reach maximum seed germination, with only
1% seed germination after 1 month and also noted the presence o f an endogenous
germination inhibitor. Coombe (1961), however, found that intermittent germination
began in about 6 weeks. Trema orientalis exhibits reproduction early in its life history
(Swaine and Hall, 1983), producing small fruits attractive to birds that would help in
wider dispersal o f seeds. Around 36 species o f birds have been reported to feed on fruits
o f T. orientalis (W ang et al., 2002). Therefore, both soil seed bank and bird dispersal
contribute to the establishment o f T. orientalis (Cao et al., 2000). This seed production
and dispersal strategy has the potential to facilitate the entry o f seeds o f new plant
species to the cleared land, thus hastening the restoration process. However,
germination experiments conducted by Wang et al., (2002) indicate that fresh ripe fruits
o f T. orientalis sown directly seldom germinate and soon decay, but that germination is
higher in depulped seeds and was highest in seeds excreted by birds. Samantaray et al.,
(1995) attempted multiple shoot regeneration in T. orientalis from leaf explants from in

vitro grown seedlings and mature tree. Multiple shoots were initiated in MS medium
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supplemented with 11.11 pM (2.5 mg/1) B A and 1.34 pM (0.25 mg/1) NAA with a shoot
regeneration rate (82.1%) from leaf derived calluses developed from seedling source.
Also a study confirmed that leaf calli derived from leaf explants from contaminated
sites greater metal -tolerance than that obtained from un-contaminated site (Samantaray
etal., 1999).

c) Root symbiosis
Trema orientalis in India is reported to be nodulated by nitrogen-fixing rhizobia and
grows rapidly on soils deficient in nitrogen (Samantaray et al., 1995). However, studies
have shown that Trema is non-nodulating, while the presence plant hemoglobin gene
has been confirmed (Christensen et al., 1991; Anderson et al., 1996; Ioanitescu et al.,
2005; Parent et al., 2007). Trema orientalis is also reported to be extensively associated
with AM fungi. A study o f mycorrhizal associations w ith forest trees o f South
Cameroon showed that T. orientalis always exhibited 75% AM colonization (Onguene
and Kuyper, 2001). In a related species T. micratha, association with AM species

Glomus etunicatum proved to be beneficial in improving plant growth in bauxite mine
spoils.

d) Site amelioration
A field study in rainforest o f Sri Lanka reported that T. orientalis plants had strong
associations w ith higher canopy openness (Goodale et al., 2009) and therefore has been
described as one o f the potential species to be used for revegetating large open areas
(Goodale et al., 2009). Occurrence o f T. orientalis was reported at a natural forest site
developed after 10-15 years on copper mines in Madhya Pradesh, India (Banerjee et al.,
2009). Also, among all plants colonizing coal mine overburden in Orissa, T. orientalis
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accumulated maximum copper from spoil (Deo et al., 2011). However, a study on metal
translocation in plants from an ex-tin mining area in Kuala Lumpur, Malaysia suggests
that T. orientalis comes under the group o f metal excluders having a translocation factor
of < 0.1 (Asraf et al., 2011). These plants can grow in heavy-metal polluted soils
without accumulating significant quantities (Baker, 1981).

e) Multipurpose uses
Although there are many potential uses o f T. orientalis besides restoration, it has never
been exploited for use and grown as a plantation crop. The wood and pulp o f T.

orientalis is found to be comparable to hard wood species (Jahan and Mun, 2004) and it
is widely used as fuel wood by local communities. It is also a fast-growing species and
can be harvested in 3-4 years for valuable pulpwood (Jahan and Mun, 2003). Studies
have shown that a 30 months old tree o f T. orientalis would yield good quality pulp
(Jahan and Mun, 2007). Also, it is particularly reported to be a good source for short
length fiber pulp (Jahan et al., 2007).

Adinortey et al., (2013) reviewed the potential o f T. orientalis as a source for
prospecting drugs for various uses. Trema orientalis is a common shrub widely used in
African folk medicine for many diseases, for example, asthma, cough, dysentery and
hypertension (Iwu, 1993). Various parts such as root, stem, leaf, fruits and flowers are
being used to treat ailments like hematuria, as vermifuge, jaundice, bronchitis and
pleurisy respectively (Adinortey et al., 2013).

Two species o f Trema, viz., T. orientalis and T. micrantha have been reported to be
effective in treatment o f diabetes. The aqueous stem bark extract o f T. orientalis

20

exhibited significant hypoglycemic activity with a maximum effect of 29.67%, 5h after
administration o f the T. orientalis (75 mg/kg) in streptozotocin diabetic rats. One week
after repeated administration o f T. orientalis extract, blood glucose levels were
significantly decreased (P < 0.05) and still remained low after 2 weeks (P < 0.01)
(Dimo et al., 2006). Ethanolic leaf extract o f T. micrantha was reported to lower blood
glucose levels in diabetic rats and represent a good candidate for alternative and/or
complementary medicine in the management o f diabetes m ellitus (Schoenfelder et ah,
2006). Also, it has been found that methanolic extract o f T. orientalis has anti
convulsion effect in pentylenetetrazole induced convulsions model and can be used to
treat epilepsy (Hiteksha et al., 2010). Anti-bacterial activities were also recorded against

Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhi
and Bacillus subtilis; while anti-fungal activity against Candida albicans, Trichophyton

tonsurans, T. rubrum, T. mentagrophytes, Basidiobolus haptosporus and Aspergillus
niger have been recorded (Nweze et al., 2004).

Besides the above mentioned uses, this plant is also used traditionally to make

gunpowder for fireworks and rope from its bark (Samantaray et al., 1995).

f) Phytochemical constituents
Owing to the wide ethnomedicinal properties o f T. orientalis, the chemical constituents
o f leaves, stem bark and root extracts have been studied worldwide for their chemical
constituents, with only a single report from India. Rastogi and Mehrotra (1993) reported
the isolation o f Octacosanoic acid, 1-octacosanyl acetate, simiarenone, simiarenol,
episimiarenol and a new triterpene alcohol, trematol from stem bark o f T. orientalis.
The stem bark also contains (-)-ampelopsin F, (-)-epicatechin, (+)-catechin, (+)-
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syringaresinol, N-{trans-p-coumaroyl)

tyram ine,

N-(/ram-/?-coumaroyl)

octopamin, /raw-4-hydroxycinnamic acid, and 3, 5-dim ethoxy-4-hydroxyphenyl-l-0B-D-glucoside (Kuo et al., 2007). Other studies have also reported the presence o f
methylswertianin, decussatin, glycosides o f decussatin, sweroside, scopoletin, (-)epicatechin, lupeol, p-hydroxybenzoic acid, adian-5-en-3-one, 2a, 3B-dihydroxyurs-12en-28-oic acid in the stem bark (Ogunkoya et al., 1972, 1973, 1977). Chemical analysis
of extracts from root bark o f this plant has led to the identification o f compounds such
as

hexacosanoic

acid,

3-O-B-glucopyranosyl-B-sitosterol,

simiarenone,

3,4-

dihydroxybenzoic acid, 2a, 3a, 23-trihydroxyurs-12-en-28-oic acid and B-sitosterol
(Ogunkoya et al., 1973; Tchamo et al., 2001).

2.5: BIOLOGY OF M A C A R A N G A

PELTATA

(ROXB.) MULL. ARG.

a) Systematics, distribution and ecology
Macaranga Thouars belongs to the family Euphorbiaceae and includes about 300
species with a wide distribution range from A frica in the West to tropical Asia, North
Australia and the South Pacific islands in the East (Banfer et al., 2004). The centres o f
diversity are on the islands o f N ew Guinea and Borneo, where collectively about 50%
o f the species occur (W hitmore, 1969). They are light-demanding pioneers that
naturally grow in clearings and along riverbanks in lowland dipterocarp forest
(Whitmore, 1969). Macaranga species are small to medium-sized, fast-growing
evergreen trees with large, alternate, often peltate leaves (Banfer et al., 2004). Extrafloral nectar glands are com m on, and are either located at the adaxial leaf surface or
along the leaf margins (Fiala and Maschwitz, 1991). The uppermost part o f the stem
and the branches carry prom inent, often caducous stipules of various shapes (Banfer et
al., 2004). All Macaranga species are dioecious producing tiny, unisexual and
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apetalous flowers, which in many species are pollinated by thrips (Moog et al., 2002).
Fruits are capsules that dehisce at maturity, exposing small, arillate seeds that are eaten
by various small birds and mammals (e.g. squirrels), that probably act as main dispersal
agents (Banfer et al., 2004). A survey conducted by Umapathy and Kumar (2000)
showed that M. peltata flowers and mesocarp o f fruits formed an important component
in the diet o f Lion tailed macaque (Macaca silenus) in the rain forests o f South India
and may also help in its dispersal. Also, a conspicuous feature o f many Macaranga
species is their association with ants (Fiala et al., 1994; Eck et al., 2001; Blattner et al.,
2001) and Macaranga plants that were experimentally deprived o f their symbiotic

Crematogaster ants suffered heavily from shoot borers and pathogenic fungi and low
chitinase activity (Heil et al., 1998). Fiala and Maschwitz (1990, 1992a, 1992b) have
done extensive studies on evolutionary ecology and ant-plant interaction in Macaranga
species.

b) Propagation:
Singhakumara et al., (2000) recorded highest number o f germinants from soil seed
banks o f M. peltata in hill dipterocarp forest o f Sri Lanka. Later studies also confirmed
that soil seed banks o f forests in southern Sri Lanka were dominated by seeds of
pioneer plant species such as M. peltata and T. orientalis (Amarasinghe et al., 2007).
However, in spite o f having greater germinable seed banks outside the monsoon period
(October to December) staggered germination over a period o f five months was
recorded (Chandrashekara and Ramakrishnan, 1993). Also, Kumara et al., (2000)
showed that germinability o f freshly harvested seeds was very poor and reported a
physiological dormancy in seeds o f M. peltata that could be overcome by treatment
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with 20mm GA. Chandrashekara (2007) reported that pruning the plants up to 50%
considerably increased annual foliage and branch production in M. peltata.

c) Root symbiosis:
A study on AM fungal status o f tree species in Western Ghat region o f Goa, confirmed
that M. peltata is a mycorrhizal plant with 100% AM colonization in field conditions
(Khade and Rodrigues, 2003). Youpensuk et ah, (2005, 2006) studied AM fungal
association with other species i.e. M. denticulata, a fallow enriching species in Northern
Thailand, and reported extensive colonization by AM fungi that further improved
growth and nutrient acquisition in rotational shifting cultivation system.

d) Site Amelioration and growth:
A study on species composition in tropical rainforest o f Australia showed that M.

peltata can establish in large as well as small gaps created by individual tree fall in
forests (Hopkins and Graham, 1983). Chandrashekara and Ramakrishnan (1993)
observed no m arked difference between M. peltata (shade intolerant species) and P.

ellipticum (shade tolerant species) in terms o f seedling establishment patterns, but
seedlings o f M. peltata were poorly developed. Photosynthetic studies on species of

Macaranga showed that early successional species exhibit higher plasticity in
photosynthetic rates in response to light environments and exhibit a marked reduction in
Amax when grow n in low light (Davies, 1998). A field study in rainforest o f Sri Lanka
reported M. peltata plants were restricted to high light conditions and large disturbances
and therefore had stronger associations with higher canopy openness compared to other
pioneer species (Goodale et al., 2009). Being light restricted, M. peltata has been
described as one o f the potential species to be used for revegetating large open areas
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(Goodale et al., 2009). Sundarapandian and Swamy (1999) reported that in tropical
forests o f Western Ghats, India, M. peltata produces large amount o f leaf litter with
high N content and faster decomposition rate compared to other species.

e) Multipurpose uses:
Bergenin-containing extracts from M. peltata are used in Indian folk medicine for the
treatment o f venereal diseases (Chopra et al., 1956). The stem bark extracts o f M

peltata also showed antioxidant, antimicrobial and cytotoxic activity (Verma et al.,
2009) and can be used as a potential source o f phytomedicine. A study on
ethnomedicinal plants in India revealed that Malayali tribes in Tamil N adu use the bark
of M. peltata to treat back pain and kidney stones (Suresh et al., 2011). Saminathan and
Vetrichelvan (2012) showed that petroleum ether leaf extracts o f M. peltata possess
anti-ulcer properties and support the ethnomedical uses o f the plant in the treatment o f
gastric ulcer. Kamath et al., (2012) demonstrated that M. peltata is a good source for
anti-oxidants, the chloroform and methanolic fractions from leaves show better activity.
Also, Verma et al., (2013) reported that leaf extracts o f M. peltata showed better
antibacterial activity than stem bark extracts. Ethanol extracts from leaves o f M. peltata
were also effective in treatm ent o f epilepsy, as studied in Petylenetetrazole induced rat
models (Venkateswarlu and Nagaraj, 2013). M ethanolic extracts o f another species viz.,

M. monandra showed fungal growth inhibition o f Colletotrichum acutatum, C.
jragariae and C. gloeosporioides, Fusarium oxysporum, Botrytis cinerea, Phomopsis
obscurans, and P. viticola (Salah et al., 2003).

A natural colourant from the bark o f M. peltata has been extracted and studied for use
in silk colouration (Vinod et al., 2009).

25

f) Phytochemical constituents:
Many species o f the genus Macaranga have been investigated phytochemically,
however very few studies have been carried out on M. peltata. Anjaneyulu and Reddy
(1979) reported the isolation and characterization o f 2-hydroxy-3’,4’,5’,6’,3,4 haxamethoxy chalcone for the first time in nature in the bark o f M. peltata. Beutler et
al., (2000) reported a novel cytotoxic stilbene, Schweinhrthin D isolated from M.

schweinfirthii, a related species. A total o f ten compounds including, prenylated
stilbenes and geranylated flavanoids were isolated from M. alnifolia and tested for their
antiproliferative activity in the A2780 human ovarian cancer cell line, o f which
Vedelianin (IC50 = 0.13 pM) exhibited the greatest activity (Yoder et al., 2007). Two
flavanoids, glyasperin A and apigenin, isolated from leaves o f M. gigantea that showed
cytotoxic activity against murine leukemia P-388 cell lines with IC50 values were 5.95
and 5.07pg/mL, respectively (Tanjung et al., 2008). Diterpenylated and prenylated
flavanoids from M. denticulata were studied by Suttivaiyakit et al., (2002). The
allelopathic potential o f M. tanarius (L.) Muell. Arg. was investigated by Tseng et al.,
(2003) and compounds viz., nymphaeol-A, nymphaeol-B, nymphaeol-C, quercetin,
abscisic acid (ABA), blumenol A, blumenol B, roseoside II, tanariflavanone A, and
tanariflavanone B were isolated. Later, Phommart et al., (2005) isolated three new
compounds viz., tanarifuranonol, tanariflavanone C, and tanariflavanone D from leaves
of M. tanarius. Salah et al., (2003) isolated clerodane diterpenes from M. monandra (L)
Muell. Arg., found in equatorial rain forest o f Cameroon and other Central African
countries that showed moderate antifungal properties against Phomopsis viticola and

Botrytis cinerea.
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2.6: SEED DORMANCY AND GERMINATION
The seed is an important stage in the life cycle o f higher plants (Bentsink and
Koomneef, 2008), and seed dormancy and germination are natural mechanisms to
ensure efficient regeneration. The seed is often well equipped to survive extended
periods of unfavourable conditions, and the embryo is protected by one or several layers
o f tissues (Koomneef et ah, 2002). It is these tissues that determine the time o f seedling
emergence depending upon the external environmental conditions. Besides the basic
requirement for water, oxygen and an appropriate temperature, the seed may also be
sensitive to other factors such as light and/or nitrate (Finch-Savage and LeubnerMetzger, 2006). Therefore, seed morphology and physiological behaviour are important
features for understanding the pattern o f seasonal and spatial distribution o f species
(Aguado et al., 2011). Germination commences with the uptake o f water by imbibition
in a dry seed, followed by embryo expansion (Finch-Savage and Leubner-Metzger,
2006). The uptake o f w ater is triphasic (Fig. 2) with a rapid initial uptake (phase I, i.e.
imbibition) followed by a plateau phase (phase II) (Bewley, 1997a). A further increase
in water uptake (phase III) occurs as the embryo axis elongates and breaks through the
covering layers to complete germination (e.g. Schopfer and Plachy, 1984; Manz et ah,
2005). A series o f events occurring during seed germination right from water imbibition
and solute leak to radical cell elongation and mobilization o f stored reserves have been
explained earlier (Bewley, 1997a).

Cell elongation is necessary and it is generally accepted to be sufficient for the
completion o f radicle protm sion (visible germination) (Bewley, 1997a; Kucera et ah,
2005). In a typical angiosperm seed the embryo is surrounded by two covering layers:
the endosperm and testa (seed coat) (Finch-Savage and Leubner-Metzger, 2006). The

27
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Postpermination
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Phase III
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Uptake of water
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Cellffiivide and DNA
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DNArepaired

P ro te.r-^ rlfh esized using new mRNAs
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Mitochondria repaired_______
Mitochondria synthesized
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Time
Figure 2: Time course of major events associated with germination
and subsequent post germination growth.
The time for events to be completed varies from several hours to
many weeks, depending on the plant species and the germination
conditions (Bewley, 1997).

endosperm, testa and fruit tissues protect the embryo from physical damage, nourish it
and contribute to spread seeds after abscission (Baskin and Baskin, 2004). These
protective layers often result in seed dormancy. According to Finch-Savage and
Leubner-Metzger (2006) seed dormancy m ay be considered simply as a block to the
completion o f germination o f an intact viable seed under favourable conditions.
However, earlier review s suggest that it is one o f the least understood phenomenon in
the field of seed biology (Hilhorst, 1995; Bewley, 1997a). This block to germination has
evolved differently

across

species through

environmental

adaptation,

so that

germination occurs w hen conditions for establishment are suitable (Hilhorst, 1995;
Vleeshouwers et al., 1995; Bewley, 1997a; Li and Foley, 1997; Baskin and Baskin,
2004; Fenner and Thompson, 2005). According to Copete et al., (2011) it is necessary
to determine the kind o f seed dormancy while studying seed germination.

2.6.1: Classification of Seed Dormancy
Seed dormancy is a key trait in many gymnosperm and angiosperm seeds. Dormancy
can be distinguished on the bases o f permeability or impermeability o f the seed (or
fruit) coat to water, whether the embryo is fully developed or under-developed at seed
maturity, and w hether the embryo is physiologically dormant or non-dormant
(Nikolaeva, 1977; Baskin and Baskin, 1998). Crocker (1916) developed one o f the first
dormancy classification systems, in which seven kinds o f seed dormancy were
distinguished with regards to their cause. Harper (1959) proposed three kinds o f
dormancy existing in seeds viz., enforced dormancy, innate dormancy and induced
dormancy. Nikolaeva (1977) devised the most logical and detailed seed dormancy
classification system known, based on seed internal structure ( e.g ., fully-developed vs.
under-developed embryo), role of seed covering layers (i.e., impermeability to water,
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mechanical restriction to radicle emergence, presence o f chemical inhibitors);
physiological requirements for dormancy break (cold stratification and/or warm
stratification); and effects o f plant growth regulators on breaking physiological
dormancy. In her system o f dormancy classification, she described seven types and
various sub-types o f dormancy: three types o f exogenous (physical, chemical and
mechanical), three types o f endogenous (physiological, morphological and morphophysiological) and m any types o f combinational (exogenous plus endogenous)
dormancy. Nikolaeva (1977) later divided dormancy into two types, those that are
“ endogenous” due to properties o f the embryo and those that are “ exogenous”
resulting from properties o f the endosperm or other surrounding tissues. Based on this
scheme, Baskin and Baskin (1998, 2004) have proposed a comprehensive and widely
accepted classification system which includes five classes o f seed dormancy:
physiological (PD), morphological (MD), morpho-physiological (MPD), physical (PY)
and combinational (PY+PD). This system is presently followed in seed dormancy
studies and includes three hierarchical layers o f classification: class, level and type. In
the modified version, physical, physiological, morphological, morpho-physiological
and one type o f combinational (physical plus physiological) dormancy proposed by
Nicolaeva, are “classes o f dormancy” (T able 1) (Baskin and Baskin, 2004).

A. Physiological dormancy
Physiological dormancy (PD) is the most abundant form o f dormancy prevailing in
seeds o f gymnosperms and all major angiosperm clades (Finch-Savage and LeubnerMetzger, 2006). Baskin and Baskin (2004) divided PD into three levels viz., deep,
intermediate and non-deep (Table 2).
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Among the three levels o f PD, non-deep PD is the most prevalent form and the seeds
are highly sensitive to light and GA for prom otion of germination (Finch-Savage and
Leubner-Metzger, 2006). Physiological dormancy is also the major form of dormancy
in most seed model species ‘in the laboratory’, including Arabidopsis thaliana,

Helianihus annuus, Lactuca sativa, Lycopersicon esculentum, Nicotiana spp., Avena
fatua

and

several

cereals.

Some

of

these

when

investigated

at

the

biochemical/molecular level revealed non-deep PD (Finch-Savage and LeubnerMetzger, 2006). Plant growth regulators viz., abscisic acid (ABA) and gibberellins (GA)
are known to be involved in the mechanisms o f seed dormancy and germination
(Baskin and Baskin, 2004). There are various models proposed that suggest the role and
interaction o f ABA and GA in inducing dormancy and promoting germination
respectively. (Amen, 1968; Wareing and Saunders, 1971; Karssen and Lacka, 1986;
Karssen and Groot, 1987; Hilhorst and Karssen, 1992; Karssen, 1995). Bewley (1997b)
suggest that ‘GAs appear not to be involved in the control o f dormancy per se but rather
are important in the promotion and maintenance o f germination, while ABA has a
regulatory role in the induction o f dormancy during seed development. In the model for
potato Alvarado et al., (2000) showed that, GA also acts (to promote germination) by
inducing cell wall hydrolases, that cause endosperm weakening, thus allowing the seed
to germinate (radicle protrusion). Therefore, Kucera et al., (2005) proposed two
functions o f GA viz., increases the growth potential of the embryo, and overcome the
mechanical restraint conferred by the seed-covering layers by weakening o f the tissues
surrounding the radical. Linkies and Leubner-Metzger (2012) have shown that ethylene
and jasmonates also play a role in seed germination, w ith ethylene promoting
germination promoting hormone, while jasmonates inhibit germination (Fig. 3).
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Figure 3: Hormonal interactions during the regulation of seed dormancy
release and germination of Nicotiana (a) and Brassica (b) model species
(Finch-Savage and Leubner-Metzger, 2006).
a) Nicotiana sp. seed germination is two-step: Testa rupture followed by

endosperm rupture. Abscisic acid (ABA) inhibits endosperm rupture but
not testa rupture. GA, ethylene and brassinosteroids (BRs) promote
endosperm rupture and counteract the inhibitory effects of ABA.
b) The mature seeds of Brassica are without an endosperm and so testa
rupture plus initial radicle elongation result in the completion of
germination. ABA does not inhibit testa rupture, but inhibits subsequent
radicle growth.

Table 1: Classes of seed dormancy (Baskin and Baskin, 2003,2004)

Class
A

B

Type of Seed Dormancy

Causes of Dormancy

Physiological Dormancy

Low

Levels - deep, intermediate, non-deep

which cannot overcome mechanical

Types - 1 ,2 , 3 ,4 and 5

constraint o f seed (or fruit) coat.

Morphological Dormancy

small

grow th

potential

differentiated

of

embryo,

(but

under

developed), or small undifferentiated,
embryo that simply needs time to grow
(or

grow/differentiate)

before

seed

germinates.

C

Morphophysiological Dormancy

com bination o f under-developed (or

Levels

undifferentiated) and physiologically

-

non-deep

intermediate simple,

simple,
deep

dorm ant embryo.

simple, deep simple epicotyl,
deep

simple double, non

deep complex, intermediate
complex and deep com plex

D

Physical Dormancy

water-impermeable layer(s) o f palisade
or palisade like cells in seed (or fruit)
coat.

E

Combinational Dormancy
Level - non-deep PD

water-impermeable seed (or fruit) coat
and physiologically-dormant embryo.

Table 2: Characteristics of physiological seed dormancy - deep, intermediate and non
deep (Baskin and Baskin, 2004).

Type of PD

Features and Characteristics

Deep

Excised embryo produces abnormal seedling.
GA does not promote germination.
Seeds require about 3—4 m onths o f cold stratification to germinate.

Intermediate

Excised embryo produces norm al seedling.
GA promotes germination in some (but not all) species.
Seeds require 2-3 months o f cold stratification for dormancy break.
Dry storage can shorten the cold stratification period.

Non-deep

Excised embryo produces normal seedling.
GA promotes germination.
Depends on species, cold (0—10°C) or warm (> 15°C) stratification
breaks dormancy.
Seeds may after-ripen in dry storage.
Scarification may promote germination.

B. Morphological dormancy
According to Baskin and Baskin (1998), in seeds with morphological dormancy (MD),
the embryo is small (under-developed) and differentiated, i.e. cotyledon(s) and
hypocotyls-radicle can be distinguished. Em bryos in seeds with MD are not
physiologically dormant and do not require a dormancy-breaking pretreatment per se in
order to germinate; thus, they simply need time to grow to full size and then germinate
(radical protrusion) (Baskin and Baskin, 2004).

C. Morpho-physiological dormancy
Seeds with this kind o f dormancy have an under-developed embryo with a
physiological component o f dormancy and require a dormancy-breaking pretreatment
with considerably longer period o f time required for embryo growth and germination
(Baskin and Baskin, 2004). According to Baskin and Baskin (1998) and Walck et al.,
(1999) eight levels of MPD are known, ranging from non-deep simple to deep complex
level. Morpho-physiological dormancy has been recorded earlier (Baskin and Baskin,
1998; Hidayati et al., 2000).

D. Physical dormancy
Physical dormancy (P Y) is caused by one or more water-impermeable layers o f palisade
cells in the seed or fruit coat (Baskin and Baskin, 1998; Baskin et al., 2000) along with
the closed chalaza and micropyle (Gama-Arachchige et al., 2010). Strong impermeable
seed coats protect the embryos during dormancy and maintain an environment around
the embryo that is conducive for quiescence (Bewley, 1997a). Studies have shown that
the seed coat is vital for directing the nutrient supply to the embryo during seed
development (Weber et al., 2005). By governing seed dormancy and germination the
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seed coat plays an important role in determining the optimal environmental conditions
for the viability and growth o f the next plant generation (Baskin et al., 2000). Seeds o f
species with PY are known in 17 families o f angiosperms (Gama-Arachchige et al.,
2010) and several types o f specialized structures ( ‘water gaps’) have been found in 12
of the 17 families.

Dormancy break in seeds with PY, under both natural and artificial (except mechanical
scarification) conditions, has been assumed to involve the formation o f an opening
(‘water gap’) in a specialized anatomical structure on the seed (or fruit) coat, through
which water moves to the embryo (Baskin et al., 2000). However, Morrison et al.,
(1998) showed that in some taxa o f Fabaceae, dormancy break by heating may also
occur through the disruption o f the seed coat in a region(s) other than the strophiole
(lens). Events in nature, such as high and alternating temperatures, fire, drying,
ffeezing/thawing and passage through the digestive tracts o f animals are known to break
PY effectively in some species, allowing water to enter through a gap (Fenner and
Thompson, 2005; Baskin and Baskin, 1998). High and alternating temperatures have
been used to overcome dormancy in several studies (Quinlivan, 1966; Kondo and
Takahashi, 2004; Abdo and Paula, 2006; Souza et al., 2012). Mechanical or chemical
scarification can break PY (Baskin and Baskin, 1998; Baskin and Baskin, 2004).
Studies have shown that chemical scarification using sulphuric acid significantly helps
in weakening the seed coat and overcoming PY thus increases germination in several
species (Usberti and Martins, 2007; Tanaka-Oda et al., 2009).
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E. Combinational dormancy
In seeds with (PY + PD), the seed (or fruit) coat is water impermeable and in addition
the embryo is physiologically dormant (Baskin and Baskin, 2004). The physiological
component is non-deep and an after-ripening period is required to break dormancy
(Baskin and Baskin, 1998).

2.6.2: Dorm ancy breaking techniques
Knowledge o f seed biology and seedling tolerance to the stressful environment in
disturbed areas is essential for restoration programs (Salati and Nobre, 1991;
Kozlowski, 2000). A challenge in dormancy and germination research is to identify the
nature o f the crucial regulator(s) that prevent(s) and trigger(s) the germination process
and their mutual interaction (Bentsink and Koomneef, 2008). Some o f the common
seed treatments used for breaking dormancy include:

i

Mechanical scarification

Seed dormancy resulting from an impermeable seed coat may be overcome by
mechanical scarification or complete removal o f seed coat (Nikoleave, 1977). There are
several reports where m echanical scarification has increased the germination o f seeds
(Jones and Nielson, 1992; Jensen and Boe, 1991; Aleiro, 2004). This particularly works
well in cases o f PD.

ii

Chemical Scarification ( Sulphuric acid treatment)

Sulphuric acid is thought to disrupt the seed coat and expose the lumens o f the
macrosclereids cells, permitting imbibition o f water (Nikoleave, 1977) which triggers
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germination. Immersion o f seed in concentrated sulphuric acid disrupts the seed coat,
thereby promoting germination (Aleiro, 2004).

iii

GA treatment

Gibberellic acid promotes the germination o f dormant seeds o f many tree species
(Frankland, 1961; Grover, 1962; Burley, 1964; Bachelard, 1967) and could make
stratification o f these seeds unnecessary. The m ain functions o f GA have been
described by Kucera et al., (2005) and vast am ount o f literature is available on GAABA interaction and role in germination and dormancy (Amen, 1968; Warning and
Saunders, 1971; Karssen and Lacka, 1986; Karssen and Groot, 1987; Hilhorst and
Karssen, 1992; Karssen, 1995).

iv

KNO3 treatment

Exogenous nitrate was found to affect the requirement for light to promote Arabidopsis

thaliana seed germination (Batak et al., 2002). It has been reported that nitrate promotes
the expression o f CYP707A2 gene (Alboresi et al., 2005; Matakiadis et al., 2009), the
key gene responsible for ABA catabolism.

v

Light

Light has both been considered to stimulate germination (Vleeshouwers et al., 1995)
and terminate dormancy (Benech-Amold et al., 2000; Batlla et al., 2004). The action o f
light is to promote the expression o f GA3oxl (Cadman et al., 2006), the key gene
responsible for synthesis o f GA (Finch-Savage and Footitt, 2012).
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vi

Cold Stratification

Cold stratification had a significant effect in overcoming non-deep PD (Baskin and
Baskin, 2004). Increase in seed germination upon cold stratification has been frequently
reported (Schiitz and Rave, 1999; Cavieres and Arroyo, 2000; Olmez et al., 2006,
2007).

vii

Hot water treatment

Sudden dip o f dry seeds in boiling water m ay lead to the rupture o f the coat wall
allowing water to permeate the seed tissues causing physiological changes and
subsequent germination o f the embryo (Agboola and Etejere, 1991; Agboola and
Adedire, 1998).

2.7: MICROPROPAGATION OF WOODY TREE SPECIES
Micropropagation may provide an additional approach for mass multiplication o f T.

orientalis and M. peltata for use in forestry plantations. Some effort has been directed
towards the in vitro propagation o f T. orientalis (Samantaray et al., 1995), while there
are no reports on in vitro culture studies in M. peltata.
Yasodha et al., (2004) stated that, micropropagation systems like axillary and
adventitious shoot multiplication and somatic embryogenesis, employed in plantation
forestry are imperative strategies to achieve rapid genetic gain. They also noted that
micropropagation through proliferation o f axillary bud is being used widely for in vitro
multiplication o f several forest tree species. Tissue culture o f tree species in India began
only in the 1960’s (Konar, 1963). Since then, major accomplishments have been made
in micropropagation o f forest tree species like Eucalyptus, bamboos and sandal wood
(Sharma, 2002).
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However, Krishna and Singh (2007) reported that there are two major problems
encountered in tissue culture o f woody species including, recalcitrance o f plant tissues
and exudation o f phenolic compounds in m edia coupled w ith explant browning. Mollel
and Goyvaerts (2004) reported the prevalence o f medium and explant browning o f

Sclerocarya birrea cultures and postulated that phenolic compounds produced during
wounding were involved in this process. W hen phenolic compounds are liberated from
vacuoles due to excision o f explants, they are released into the cytoplasm where
oxidation by polyphenoloxidases (PPO) occurs resulting in the formation o f coloured
quinones (Robards et al., 1999). Pan and Van Staden (1998) reviewed the use o f
activated charcoal (AC) in in vitro culture and showed that AC played a role in
reduction o f explant browning. Studies also suggest that addition o f AC often has a
promotive effect on the growth and organogenesis o f woody species (Pan and Van
Staden, 1998). Benson, (2000) suggested that a myriad o f factors influence or trigger
recalcitrant responses, viz., plant physiology o f the donor, in vitro manipulations and in

vitro plant stress physiology. The use o f optimum balance o f exogenous auxins and
cytokinins in the growth medium can minim ize recalcitrance and induce cell division
and differentiation (Skoog and Miller, 1957). Wickson and Thimann (1958) discovered
that cytokinins could release the lateral buds from apical dominance. BA has been
reported as the best cytokinin for stimulating shoot multiplication in a broad range o f
species (Gaspar et al., 1996). However, M urthy et al., (1998) proved that TDZ is more
active than BA in altering the development o f axillary meristems, but over-exposure
can retard shoot and root development and thus limits the recovery o f functional plants.

Various economically important forest tree species have been micropropagated. Some
of the pioneering studies from India are listed below. Gupta et al. (1980) deviced a
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protocol for regeneration o f Tectona grandis plantlets from terminal buds o f 100-yr-old
elite trees. These micropropagated plantlets established in the field were evaluated by
Mascarenhas et al., (1988) which indicated faster growth compared to conventionally
propagated plants. Plantlets were regenerated from nodal segments o f 30- to 50-yr-old
elite trees o f Eucalyptus citriodora, Eucalyptus torelliana, and Eucalyptus tereticornis
and established in the field (Gupta and M ascarenhas, 1987). M icropropagation methods
of Tamarindus indica and Dendrocalamus strictus have also been described earlier
(Mascarenhas et al., 1988; Nadgauda et al., 1990).
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CHAPTER - 3

Study of seed dormancy and germination
dynamics in

T rem a o rie n ta lis

M a c a r a n g a p e lta ta

(L.) Blume and

(Roxb.) Mull. Arg.

3.1: INTRODUCTION
The use of native forest species for revegetation poses challenges for seed collection,
germination and planting. A recent study indicates an encouraging potential for mixednative species for restoration o f degraded tropical forests (Lamb et al., 2005). However,
seed dormancy and lack o f germination synchrony ham pers the use o f some potential
plant species in restoration programmes.

For plants, it is

important that seed

germination occurs in the right place and at the right time, and therefore most species
have mechanisms that delay germination, such as seed dormancy (Fenner and
Thompson, 2005). Seed germination o f different plant species need different
environmental conditions for breaking dormancy and achieve maximum germination
(Baskin and Baskin, 1998, 2004). However, dormancy-breaking conditions o f each
species vary depending upon the type o f dormancy persisting. Several artificial
techniques such as

mechanical, thermal and chemical

phytohormones, dry

storage, percussion,

scarification,

low temperatures,

enzymes,

radiation and high

atmospheric pressures have been used to break dormancy in seeds (Baskin and Baskin,
1998). These techniques have been efficiently used to generate large number o f
propagules for revegetation in many plant species. Thus, understanding dormancy
release behaviour is important and can help to discover regeneration strategies o f
potential tree species through seeds (W ang et al., 2011).

Seeds of early succession species such as T. orientalis, account for most individuals in
the soil seed bank o f different forest habitats (Quintana- Ascencio et al., 1996). In the
soil seed banks o f the Ghanian forests, seeds o f T. orientalis have been reported to be
abundant (Hall and

Swaine, 1980). However, they remain dormant in the soil

(Muhanguzi et al., 2005), and only a few seeds may germinate under favourable
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conditions (Shimizu, 2005). Recruitment o f viable seeds, germination, seedling
establishment and their growth are indicators o f the regeneration potential o f a plant
community (Chandrashekara and Ram akrishnan, 1993). A study o f soil seed bank o f
secondary forest in Thailand revealed that viable seeds o f T. orientalis were found up to
175 m from the source o f mother tree (Cheke et al., 1979). Trema orientalis exhibits
reproduction early in its life history (Swaine and Hall, 1983), producing small fruits
attractive to birds that would help in w ider dispersal o f seeds. In China, around 36
species of birds were reported to feed on fruits o f T. orientalis (Wang et ah, 2002).
Therefore, in nature both soil seed bank and bird dispersal contribute to the
establishment o f T. orientalis (Cao et ah, 2000). However, previous germination
experiments conducted by Wang et ah (2002) indicate that fresh ripe fruits o f T.

orientalis sown directly seldom germinate and soon decay, but that germination is
higher in depulped seeds and was highest in seeds excreted by birds.

Macaranga peltata is another good candidate for revegetation and reclamation o f
wastelands in tropical Asia (Ashton et ah, 2001). The inability to obtain germination
synchrony and faster germination reduces its efficiency as a restoration species, where
large numbers o f viable seedlings are required at a faster rate and pre-determined time.
Although, tropical forests o f W estern Ghats in India have greater germinable seed
banks of M. peltata outside the m onsoon period (October to December), staggered
germination over a period o f five months has been recorded (Chandrashekara and
Ramakrishnan, 1993).

A better understanding o f germination traits o f forest tree species with ecological
adaptations is very

important for achieving revegetation objectives in forest
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management and ecological restoration. Therefore, the present study was aimed at
evaluating the seed germination response o f T. -orientalis and M. peltata to different
treatments and reporting an effective treatm ent for enhancing and synchronizing
germination. The cause for dormancy has also been investigated by studying the effect
of treatments on the seed endocarp through SEM analysis.

3.2: MATERIALS AND METHODS
3.2.1: Plant description
a. Trema orientalis (L .) B lum e
Cladus: Angiosperms
Cladus: Eudicots
Cladus: Core eudicots
Cladus: Rosides
Cladus: Eurosides - 1
Order:

Rosales

Family: Cannabaceae
Genus:

Trema Lour.

Species: orientalis (L.) Blume

Trema orientalis (L.) Blume is a m edium sized evergreen tree growing to a height o f
20m (Plate 1 - A). It belongs to the family Cannabaceae and is commonly referred to as
the “Indian Charcoal tree” or the “Gun powder tree”. It is widely distributed throughout
the world, being a pantropical tree it covers all tropical regions o f Asia, A frica and
Australia (Yesson et al., 2004). It is used in the slash bum agricultural systems in
Madagascar w here it predominates in the first fallow season (Styger et ah, 2009). It is a
fast growing shade tree with soft foliage and attains an extensive root system that
enables it to survive long periods o f drought. The branches are slender, covered with
white velvety hair (Smith, 1966). The leaves are simple, alternate, stipulate and taper
40

Plate 1:

T. o rie n ta lis

and M . p e lta ta plants

A - Trema orientalis —Habit.

B - Flowering in T. orientalis.

C - Green immature and black mature fruits o f T. orientalis.

D - Mature fruits.

E - Macaranga peltata - Habit.

F - Flowering in M. peltata.

G - Fruits o fM peltata.

H - Mature black seeds o f M. peltata.

from base to apex (Little and Skolmen, 1989). Flowers are in clusters (cymes) at the
leaf base (Plate 1 - B), usually unisexual, (male and female flower separate) but
occasionally occur together (Little and Skolm en, 1989). Fruits are small round drupes,
green turning black w hen ripe (Plate 1 - C, D).

T. orientalis bears fruits which are

attractive

turn

to

birds

and

bats

that

in

help

in

seed

dispersal

(www.worldagrofoerstrycentre.org). It is a multipurpose tree having applications
ranging from ecosystem functioning, fuel w ood and pulp in paper industry to wide
application in medicine. Lately, studies have show n that this plant has lot o f potential to
be a source o f phytomedicine (Adinortey et al., 2013).

b.

M acaranga p e lta ta

(Roxb.) Mull. Arg.

Cladus: Angiosperms
Cladus: Eudicots
Cladus: Core eudicots
Order:

Mapighiales

Family: Euphorbiaceae
Genus: Macaranga Thouras
Species: peltata (Roxb.) Mtill. Arg.

Macaranga peltata (Roxb.) Mull. Arg. is a tropical tree belonging to family
Euphorbiaceae according to the APG III system o f classification. The genus Macaranga
consists o f approxim ately 350 plant species w ith centre o f distribution in sub-tropical
Asia and Pacific (Eck et al., 2001). M ost o f the species are restricted to tree fall gaps,
stream banks and unstable slopes in the prim ary forest, but are often common following
disturbance, frequently

dominating

secondary

forest (Whitmore,

1967,

1969).

Macaranga peltata is native to India, Sri Lanka and parts o f northern Thailand. It is a
dioecious resinous tree growing to a height o f 10m (Saminathan and Vetrichelvan,
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2012). Leaves are simple, alternate and stipulate with a lamina o f 11-25cm x 9-20cm
(Plate 1 - E). It flowers during the months o f February to M arch producing unisexual
axillary flowers (www.indiabiodiversity.org) and bears numerous globose black seeds,
each enclosed within a capsule that splits open before seed dispersal (Plate 1 - F, G,

H).

3.2.2: Seed collection and storage
Mature black fruits o f T. orientalis and M. peltata were harvested from trees growing in
and around the Goa U niversity campus (15°27’N & 73°49’E). Seeds were sun dried to
constant weight, and stored at 28 - 30°C (under normal light conditions) in plastic Petri
plates sealed with parafilm until commencement o f the experiment. Moisture content o f
fresh seeds was determined by oven drying method (103° C for 17h) and expressed as
percentage of water on a fresh weight basis (ISTA, 2004).

Germination tests were performed four weeks after seed collection o f T. orientalis.
Prior to treatments, dried seeds were soaked for 2h in distilled water followed by
physical removal o f fruit coat and pulp and then subjected to respective treatments.
Dried seeds soaked for 2h in distilled water and de-pulped were used as control.

Germination tests in M. peltata were perform ed one week after seed collection. Dried
seeds separated from the outer oily black layer were used for all treatments while
dissected seeds w ere em ployed to study the embryo morphology.

3.2.3: Experimental Design and treatment combinations
A Randomized Complete Block Design (RCBD) was adopted for the study as follows:
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A total of 19 pre-sowing seed treatments were used for T. orientalis besides a control,
with 50 seeds per treatment. The pre-sowing treatments included:
Ti: Control
T2 -T 6 : Treatment with cone. H 2 SO 4 (5 ,1 0 ,1 5 , 20 & 25 minutes)
T7-T1 1 : Treatment with 10% HC1 (5 ,1 0 ,1 5 ,2 0 & 25 minutes)
T12 -T16 .' Treatment with GA (5 0 ,1 0 0 ,1 5 0 ,2 0 0 & 250 ppm)
T17 -T20 : Treatment with KNO 3 (5, 10,15 & 20 %).

After seeds were treated for 4h in GA and KNO 3 treatments, they w ere rinsed three
times with distilled water to remove all traces o f the treatment solution. The control
seeds were not subjected to any o f the above mentioned pre-sowing treatments. All
seeds in each treatment including control were sterilized using 70% ethanol and placed
in sterile filter paper lined Petri plates, moistened w ith sterile distilled water.

A total o f 21 pre-sowing seed treatments were used for M. peltata besides a control,
with 50 seeds per treatment. The pre-sowing treatments included:
Ti: Control
T2-T6 : Treatment with cone. H 2 SO 4 (5 ,1 0 ,1 5 ,2 0 & 25 minutes)
T7.T9 : Treatment with GA (100,200 & 300 ppm)
T10 -T2 1 : Treatment with cone. H 2 SO 4 (1 5 ,2 0 ,2 5 , 30 minutes), GA (100, 200, 300 ppm)
T22

: Mechanical scarification.

Seeds were treated with GA at different concentrations for 2h. For combined treatment,
after treating with cone. H 2 SO 4 for different time intervals, the seeds were treated with
different concentrations o f GA for 2h. The hard sclerotic dark brow n seed coat
(exposing the endosperm) w as mechanically scarified by applying pressure using a
micrometer screw gauge (care was taken not to damage the embryo) (Plate 3 - 1). The
treated M. peltata seeds were rinsed with distilled water, surface sterilized using 0.1%
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mercury chloride for 2 minutes and placed in sterile Petri plates lined with moist filter
papers.
All plates were incubated at 27° C with 16h o f photoperiod and germination percentage
was recorded daily.

3.2.4: Seed imbibitions and Germination studies
Seed imbibition time was recorded as the number o f days from treatment to
commencement o f germination. The total num ber o f seeds germinated in each Petri
plate was counted daily and germination curves were plotted. Germination was defined
as the emergence o f radicle at least 2 mm long (Mackay et al., 1995). Total seedling
length was measured after 10 days o f germination. Seedling vigour index (SVI),
corresponding to the seedling survival was calculated using the formula given by
Abdul-Baki and Anderson (1973) as follows:
SVI = Germination percent x Total seedling length (shoot and root)

3.2.5: Seed viability
In order to check the longevity o f seed viability in T. orientalis, germination tests were
performed using freshly collected seeds and seeds stored for three, six, nine and twelve
months. Seeds for viability testing were stored at 28-30°C in light in Petri plates sealed
with parafilm. A fter a specific storage period, the seeds were treated with cone. H 2 S 0 4
for 15 minutes (being optimum treatm ent for seed germination) and different
germination parameters as above were recorded.

Viability o f fresh M. p elt at a seeds as well as stored seeds was assessed by tetrazolium
test (Moore, 1985). Seeds were de-coated and staining was done w ith 1% (W/V) freshly
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prepared aqueous solution o f 2,3,5- triphenyl-tetrazolium chloride (TTC) (pH 7.0) at
room temperature (25-27°C). Seeds were stained for 24h with TTC, viable seeds
stained dark pink while non-viable seeds stained lightly or did not take up the stain.

3.2.6: SEM analysis for seed coat study
De-pulped seeds o f T. orientalis were treated with various chemicals viz., cone. H 2 SO 4
(15 min.), 10% HC1 (10 min.), KNO 3 (0.5% for 4h) and GA (250ppm for 4h), while M.

peltata seeds were treated with cone. H 2 SO 4 (15 min.), 24h prior to SEM analysis. All
treated and control seeds were washed thoroughly with distilled water and air dried for
SEM analysis. Seed specimens were mounted on clean dry aluminium stubs using
double-sided adhesive carbon tape. The seeds were then coated with platinum in a
JEOL 1600 auto fine coater device. The coated specimens were examined and
photographed using JSM -6360LV (JEOL, Japan) scanning electron microscope which
operated at an accelerating voltage o f

12

kv.

3.2.7: Statistical Analyses
Seed germination was expressed as percentage o f the total num ber o f seeds sown after
each treatment. Percent germination data o f treatments used was not normally
distributed therefore binary logistic regression was performed to analyze the variables
determining seed germination probability. For T. orientalis germination studies, the
explicative variables used were: treatment, concentration and time. The model was
tested using the change in value o f - 2 log o f the likelihood between the model with and
without explicative variables using Hosmer and Lemeshow goodness o f fit test (Hosmer
and Lemeshow, 1989). Data pertaining to seed viability studies was Arc sine
transformed and tested for normality. One way ANOVA was used to compare seed
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viability across time. Differences between m eans were considered to be significant at

P<0.05 by Tukeys HSD test. Percent germ ination data was back transformed and
presented in tables. For M. peltata the variables tested for their effect on germination
included treatment time, concentration and treatm ents used. To test the precision o f the
model, the value o f pseudo R (Nagelkerke R ) was calculated. All statistical analyses
were carried out using SPSS 17.0 (Chicago, IL).

3.3: RESULTS
3.3.1:

T rem a o r ie n ta lis

(L.) Blume

Results indicated that all treatments significantly affected percent germination in T.

orientalis (x2=104.893, P=0.000, df= 6 ). The probability o f germination increased when
seeds were treated w ith different treatment solutions (Table 3). However, preliminary
results indicate that removal o f fruit coat and pulp and initial soaking o f seeds for a
period o f 2h is also essential to enhance germination in all treatments. Control seeds
recorded 30% germination after 30 days o f imbibition period, while those subjected to
treatments resulted in germination that ranged from
period ranging from

8

68%

to 98% with imbibitions

to 15 days (Table 4). This suggests the possible existence o f

physical or physiological dormancy in seeds o f T. orientalis that is responsible for
reduced percent seed germination and increased imbibition periods. SEM images o f
untreated seeds revealed a honeycomb network o f deposits present on the outer surface.
These deposits form a tightly packed, multilayered, reticulate ornamentation covering
the entire seed coat surface, which may act as a barrier for water imbibitions, thus
hampering germination (Plate 2 - A, B, C). Moisture content o f fresh seeds at dispersal
was recorded as 38.87% ± 13.28.
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Table 3: Logistic regression analysis predicting the effect of different param eters on
seed germ ination probability in T. orientalis.
B

S.E.

W ald yr2

DF

Sig.

Exp(B)

Cone. H 2 SO4

4.852

1.504

10.404

1

0 .0 0 1 *

127.993

10% HC1

5.235

1.388

14.235

1

0 .0 0 0 *

187.816

KNO 3

5.308

1.089

23.768

1

0 .0 0 0 *

201.975

ga3

3.760

0.587

41.032

1

0 .0 0 0 *

42.956

Time

-0.158

0.092

2.941

1

0.086

0.854

Concentration

0.285

0.129

4.852

1

0.028*

1.329

Constant

-3.159

1.706

3.427

1

0.064

0.042

Variables

Legend: B = slope from logistic regression, SE = standard error, DF = degrees o f freedom, Wald % = measure
o f significance o f B, Sig. = Significant P values (<0.05) marked with an asterisk, Exp (B) = Odds
Ratio. (Nagelkerke R2=0.175, H-L test, x2=13.543, /*<0.094).

Table 4: Effect of chemical treatm ents on seed germ ination, seedling length, vigour
and imbibition tim e in T. orientalis.
Treatment
Control

Time
min

0

Germination (%)

Seedling total
length (cm)

Seedling Vigour
Index (SVI)

Imbibition
time (days)

30.00 ±8.16

2.95etg ± 0.21

88.75 ± 26.04

30

Cone. H2S 0 4

5 min

74.00± 15.17

3.08defg ± 0.29

228.0 ± 53.96

8

Cone. H2SO4

10

min

90.00 ± 7.07

5.38a ± 0.28

485.2 ± 57.90

8

Cone. H2SO4

15 min

92.00 ± 4.47

5.34a ± 0.35

491.0 ± 34.78

8

Cone. H2S 0 4

20

min

84.00 ±15.17

4.40b ± 0.14

396.6 ± 69.06

8

Cone. H2S 0 4

25 min

68.00 ± 8.37

4.36b ± 0.41

298.6± 63.20

8

10%HC1

5 min

90.00 ± 7.07

1.72' ± 0.22

154.0 ± 16.26

10

10% HC1

10

min

92.00 ± 8.37

2.42gh± 0.28

223.6 ± 38.56

10

10%HC1

15 min

94.00 ±5.48

2.74fg± 0.56

257.0 ± 49.19

10

10%HC1

20

min

92.00 ± 8.37

2.06hi±0.15

190.2 ± 28.48

10

10%HC1

25 min

80.00 ± 15.81

2.76fg ± 0.38

223.4 ± 66.07

10

GA3 50 ppm

4h

84.00 ± 13.42

3.32cdef± 0.22

279.4 ± 52.73

11

GA3100 ppm

4h

86.00 ±11.40

3.44cde ± 0.25

296.8 ± 54.03

11

GA3 150 ppm

4h

88.00 ±8.37

3.46cde ±0.15

305.0± 37.12

13

GA3200 ppm

4h

94.00 ± 8.94

3.66cd ± 0.23

344.4

± 42.74

13

GA3250 ppm

4h

96.00 ± 5.48

3.86bc ± 0.28

371.2 ± 41.20

11

K N 03 0.5%

4h

98.00 ± 4.47

3.34cdef± 0.23

309.6 ±23.63

15

k n o 3 1.0%

4h

96.00 ± 5.48

3.8bc ± 0.37

364.2 ± 32.91

15

K N 03 1.5%

4h

76.00 ± 15.17

3.34cdef ± 0.25

252.8 ±45.65

15

K N 03 2.0%

4h

72.00 ±14.83

3.64cd ± 0.26

264.2 ± 68.97

15

Legend: Mean values following the same letter are not significantly different (Tukeys HSD test; P<0.05).
± Standard deviation. n=50

Plate 2: Scanning electron micrographs of T .o rie n ta lis seeds
A - Untreated seed.

B - Micropylar region o f untreated seed (arrow indicates micropylar region - Mi).

C - Seed testa showing multilayered reticulate network o f deposits.

D - Seed treated with cone, sulphuric acid showing sloughed seed coat at the micropylar
region (arrow indicates micropylar region - Mi).

E - Distorted seed coat after cone, sulphuric acid treatment.

F - Seed testa treated with 10% HC1.

G - Seed testa treated with KNO 3 .

H - Seed testa treated with GA.

Plate - 2

Treatment with cone. H2SO4 reduced the im bibition period to
increased up to 92 /o w ithin 20 days o f treatm ent (Fig.

4

8

days and germination

- A). Regression analysis

showed that treatment tim e in all is not a significant predictor o f seed germination
(X2=2.941, B=-0.158, P=0.086), while use o f cone. H 2 S 0 4 significantly increases the
probability o f germination ( x ^ l 0.404, B=4.852, P=0.001). Seeds treated for 15
minutes recorded the highest germination percent with a Seedling Vigour Index o f
491.0 reflecting better survival ability o f these plantlets (Table 4). SEM analysis
revealed that the acid treatm ent completely dissolved the honeycom b like network o f
deposits on the seed coat surface. Sloughing o f the seed coat at the micropylar region
was observed, exposing and weakening the endosperm thus enhancing germination
(Plate 2 - D, E).

Germination commenced after 10 days in 10% HC1 treated seeds and continued over a
period o f 30 days (Fig. 4 - B). Highest germ ination (94%) was observed in seeds treated
for 15 minutes. Treatment solution and the concentration used i.e. 10% HC1
significantly affected seed germination (x2=14.235, B=5.235, jP=0.000). However,
seedlings developed by this m ethod exhibited deform ed root system resulting in lower
vigour (257.0) (Table 4). These seedlings were vulnerable and did not continue further
growth and development. SEM images revealed m aximum dissolution o f the seed coat
deposits and exhibited poor ornamentation (Plate 2 - F).

Increase in concentration o f K N 0 3 enhanced the germination probability significantly
(X2=23.768, B=5.308, TMXOOO). However, seed germination results indicated that
among different concentrations o f K N 0 3 used, the lowest concentration i.e. 0.5%
KNO 3 , resulted in m axim um germination (98%) (Fig. 4 —C). Germination initiated 15
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Figure 4: G erm in atio n c u rv e dep ictin g c u m u la tiv e g erm in a tio n p ercen tag e o f T.
orientalis seeds fo r d iffe re n t treatm ents. A - co n e. H 2 S 0 4 tre a tm e n t; B - 10% HC1
treatm ent; C- K N 0 3 tre a tm e n t; D - G A treatm en t.
(X-axis = N o. o f d a y s, Y-axis = P ercen t g erm in atio n ).

days after treatment and the seedlings showed a low vigour index (309.6) due to poorly
developed roots. SEM analysis suggested that K N 0 3 had the least visible effect on the
seed coat, and the reticulate ornamentation o f the seed coat was found to be intact
(Plate 2 - G).

GA treatment (250ppm) resulted in high germ ination (96%) at the end o f 32 days after
treatment (Fig. 4 - D). U se o f GA at low er concentrations was less effective in
promoting germination. The SEM images revealed that GA had no visible effect on
seed coat (Plate 2 - H).

Study o f seed viability using stored seeds revealed a significant decrease in percent
germination with increased storage time. M axim um germination (92%) was recorded
after 3 months o f storage w ith the least im bibition time (9 days), while the lowest
germination (14%) was recorded after 12 months o f storage (Table 5).

3.3.2: M a c a r a n g a p e l t a t a (Roxb.) Mull. Arg.
Macaranga peltata fruits are globose dehiscent capsules that are green in colour. The
capsules split open w hen fruits mature and seeds are ready for dispersal. The seeds are
dark brown in colour, rounded to slight oval in shape and exhibit epigeal germination
(Plate 3 - A). It has an outer oily covering and a very hard seed coat surrounding a rigid
endosperm being the m ajor storage tissue (Plate 3 - B, C). The embryo is spatulate,
axile, composed o f tw o symmetrical foliaceous cotyledons, axis and radical, having an
average length o f 2.0 m m (Plate 3 - D). Average diameter o f seed was 3.7 ± 0.03 mm,
and the seed moisture content (fresh wt. basis) at dispersal was 37.24 ± 4.75%. SEM
images o f the untreated hard seed coat indicated absence o f pores (Plate 3 - E). The
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Table 5: Effect of storage time on germination in treated seeds (cone. H 2 SO4 ; 15 min.)
of T. orientalis.

Seed storage
period
(months)

Germination
(%)

Seedling length
(cm)

Seedling Vigour
Index

Imbibition
Time (days)

0

60.0b ± 11.55

2.99 ± 0.66

179.26 ± 46.37

12

3

92.0a ± 4.47

4.96 ± 1.11

457.20 ± 107.89

9

6

80.0a ± 7.07

3.05 ± 0.86

244.36 ± 71.85

10

9

52.0b ± 8.37

1.06 ± 0 .2 4

54.00 ± 9.27

10

12

14.0C± 5.47

0.44 ±0.15

6.80 ±4 .9 7

17

Legend: Mean values following the same letter are not significantly different (Tukeys HSD test; P<0.05).
± Standard deviation. n= 10

Plate 3: M . p e lta ta seed structure and germination
A - Epigeal seed germination.

B - Seed layers (obi - oily black layer, he - hard coat, en - endosperm, em - embryo).

C - Dissected seed with embryo (em) surrounded by a rigid endosperm (en).

D - Embryo (c- cotyledon, p- plumule, r- radical).
E - SEM image o f ridged M. peltata seed.

F - Seed testa with honeycomb network o f deposits.
G - Seed section showing thick palisade layer (pi).
H - Viable and non-viable seeds treated with tetrazolium.

I - Micrometer screw gauge used for mechanical seed scarification.

Plate - 3

seed coat is rough and ridged, a honeycomb netw ork o f deposits was observed on the
surface, with cells tightly packed, and anticlinal w alls slightly raised (Plate 3 - F). The
seed coat is approximately 607.5 pm thick and contains a palisade cell layer o f
macrosclereids making it hard and rigid (Plate 3 - G). Tetrazolium test recorded a high
viability up to 84% in fresh seeds and a decrease in seed viability upon storage was
observed (Fig. 5). Viable seeds stained pink and non-viable or defective seeds were
faintly stained or did not stain (Plate 3 - H).

Seed germination ranged from 0-78% in various treatments, and no germination was
observed in control seeds (Table 6). Logistic regression analysis confirmed the
existence o f a significant relationship between treatments and germination (x =428.303,
P=0.0001). Treatment w ith cone. H 2 SO 4 caused leaching o f phenolic compounds from
the seed coat into the acid solution. However, at varying time durations it did not have a
marked influence in increasing germination percentage. This treatment recorded a
maximum germination o f 14% when treated for 15, 20 and 25 minutes, with
germination commencing after 24, 23 and 26 days o f treatment respectively (Fig. 6).
SEM images revealed that seeds treated with cone. H 2 SO 4 for more than 15 minutes led
to complete degeneration o f the outer testa due to cracking and sloughing o f the seed
coat, thereby facilitating imbibition and slight germination (Plate 4 - A, B, C, D).
Treatment with GA alone at different concentrations did not promote germination. A
combinational treatment o f cone. H 2 SO 4 and GA resulted in higher percent germination
compared to either treatm ent given alone. However, it produced defective seedlings
(D 20%). Among the different concentrations o f G A used, lOOppm was most effective
in increasing germination following treatment with cone. H 2 SO 4 at varying time
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Figure 5: Effect

o f sto ra g e tim e on seed v ia b ility o f M. pelta ta .

Table 6 : Effect of pre-sowing treatm ents on seed germ ination of M. peltata.
T reatm ent

Sr. No.

G erm ination
(% )

Defective
plantlets (% )

Im bibition
time (days)

1

Control

0 .0 0

0

0

2

5m H2 SO4

0 .0 0

0

0

3

10m H2 SO4

6.00 ± 5.16

20

26

4

15m H2 SO4

14.00 ±4.71

20

5

20m H2 SO4

14.00 ±4.71

20

23

6

25m H2 SO4

14.00 ±4.71

30

26

7

lOOppm GA 3

0 .0 0

0

0

8

200ppm GA3

0 .0 0

0

0

9

300ppm GA3

0 .0 0

0

0

10

15m H2 SO4 + lOOppm GA 3

73.33 ±4.04

26

13

11

15m H2 SO4 + 200ppm GA 3

53.33 ±21.82

22

20

12

15m H2 SO4 + 300ppm GA 3

56.67 ± 14.29

26

18

13

20m H2 SO4 + lOOppm GA 3

72.00 ± 8.69

30

15

14

20m H2 SO4 + 200ppm GA 3

66.00 ± 16.49

26

13

15

20m H2 SO4 + 300ppm GA 3

48.00± 21.82

30

18

16

25m H2 SO4 + lOOppm GA 3

74.00 ±5.41

26

19

17

25m H 2 SO4 + 200ppm GA 3

±21.81

30

20

18

25m H 2 SO4 ± 300ppm GA 3

33.00 ±8.25

30

17

19

30m H2 SO4 + lOOppm GA 3

±21.82

20

13

20

30m H2 SO4 + 200ppm GA 3

62.00 ± 8.25

26

15

21

30m H 2 SO4 + 300ppm GA 3

62.00 ± 8.25

30

15

22

Mechanical scarification

78.00 ± 5.48

20

6

Legend: ± Standard deviation. n=50
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Figure 6: G erm ination cu rv e dep ictin g c u m u la tiv e g e rm in atio n p ercen tag e o f
M. peltata seed s u p o n tre a tm e n t w ith c o n cen trated su lp h u ric acid
for different tim e durations.

Plate 4: Effect of acid treatment on M . p e lta ta seeds
A - Sloughed seed coat after treatment with cone, sulphuric acid.

B - Exposed micropylar region.

C - Raised palisade layer of testa.

D - Cracks developed on testa due to acid treatment.

E & F - Abnormal seedling o f M. peltata.

Plate - 4

duration (Fig. 7 - A, B, C , D). In all treatments, 20-30% seedlings were abnormal with
restricted radical growth eventually resulting in seedling death (Plate 4 - E , F).

Logistic regression analysis suggested that an increase in treatment time decreased
germination probability (x2=1.675, B=-0.057).

Similarly, increase in treatment

concentration significantly reduced germination probability (x2=30.754, B=-0.578).
Among the various treatments used, the combinational treatment w as predicted to be
most effective in increasing seed germination followed by m echanical scarification
(Table 7). However, germination studies revealed that, mechanical scarification o f the
seed coat increased germination up to 78% compared to other treatments in a relatively
shorter period

(6

days) and also reduced the percentage o f defective plantlets (2 0 %).

3.4: DISCUSSION
In nature, freshly dispersed seeds o f T. orientalis exhibited delayed seedling emergence
due to an innate seed dormancy (Muhanguzi et al., 2005). Seed dormancy results from
either tissues enclosing the embryo or from the embryo itself (Bewley and Black,
1994). The seed treatments used for T. orientalis can be grouped into two classes
depending on the mode o f action: H 2 SO 4 and HC1 treatments act on the seed coat while
GA and KNO 3 trigger physiological processes thereby enhancing germination. Seed
germination in T. orientalis increased significantly in all treatments compared to the
control suggesting that there might be more than one seed character responsible for
inducing dormancy. The seed pericarp responsible for seed-coat dormancy, affects seed
germination and seedling establishment by preventing water absorption, producing
chemical inhibitors and preventing inhibitors leaking from the seed or inhibiting the
radical protrusion (Xiao et al., 2009). Seed germination o f species w ith 'coat-imposed'
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Figure 7: G erm in atio n cu rv e depicting cu m u lativ e germination percentage o f M.
p elta ta seeds tre a ted w ith com bination treatm ent o f H:S 0 4 and GA \
H 2 S 0 4 treatm ent + G A ; B - 20 min H 2 S 0 4 treatm ent - G A ; ( ■ 2 ' min I! S< >
tre atm en t + GA; D - 30 m in H 2 S 0 4 treatm ent + G A .
(X-axis = N o. o f d ay s, Y-axis = Percent germ ination).

Table 7: Logistic regression analysis predicting the effect of different param eters on
seed germination probability in M. peltata.
Variables

B

S.E.

W ald x2

DF

Sig.

Exp(B)

Time

-0.057

0.044

1.657

1

0.198

0.944

Concentration

-0.578

0.104

30.754

1

0 .0 0 0 *

0.561

Cone. H 2 SO4

0.882

0.651

1.839

1

0.175

2.417

GA

-17.074

3222.846

0 .0 0 0

1

0.996

0 .0 0 0

Combination (Cone. H 2 SO4 + GA)

4.786

0.685

48.853

1

0 .0 0 0 *

119.859

Mechanical

3.731

0.721

26.750

1

0 .0 0 0 *

41.735

Constant

-2.466

0.636

15.051

1

0 .0 0 0

0.085

Legend: B = slope from logistic regression, SE = standard error, DF = degrees o f freedom, Wald %2 = measure o f
significance of B, Sig. = Significant P values (<0.05) marked with an asterisk, Exp (B) = Odds Ratio.
Nagelkerke R2 = 0.453.

dormancy is determined by the balance o f forces between the growth potential o f the
embryo and constrains exerted by the covering layers, e.g. testa (seed coat) and
endosperm (Leubner-Metzger, 2003). Rem oval o f the micropylar testa and the
endosperm tissues permits radicle growth under conditions that inhibit germination o f
intact seeds (Kucera et al., 2005). Our study confirms that concentrated H 2 SO 4
treatment was efficient in increasing germination percentage by facilitating the removal
of the micropylar testa thus decreasing the resistance to the embryo. Sulphuric acid is
thought to dismpt the seed coat and expose the lumens o f macrosclereid cells,
permitting imbibition o f water which triggers germination (Nikoleave, 1977). The use
o f H2SO4 in overcoming seed coat dormancy is well known and several studies have
indicated that it as an effective agent to improve seed germination in hard seeded plant
species (Dashti et al., 2012; Aleiro, 2004; De Villiers et al., 2002; Usberti and Martins,
2007; Veassey and Teixeira De freitas, 2002).

Non-deep physiological dormancy is the m ost common form o f dormancy found in
seeds and GA is effective in breaking the non-deep physiological dormancy (Baskin
and Baskin, 1998, 2004). GA down regulates the expression o f repressors (e.g. RGL2
and SPY) by protein degradation, suppression o f transcription or mRNA degradation,
thus increasing the germination potential o f the embryo (Peng and Harberd, 2002). In
this study, seed treatment w ith GA and KNO 3 increased percent germination suggesting
seed coat is not totally impermeable, but instead the low growth potential o f the embryo
or endosperm is the lim iting condition that affects germination. In Trema guineenses, a
related species, treatment w ith GA and dry storage at 2°C was found to be effective in
overcoming seed dorm ancy (Vazquez-Yanes, 1977). Mechanical dormancy is a
component o f physiological dormancy, as the covering layers restrain embryo growth
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(germination) due to low growth potential o f the embryo in an intact dormant or
conditionally dormant seed (Baskin and Baskin, 2004). In case o f endosperm-limited
germination, weakening o f the micropylar endosperm surrounding the radicle tip seems
to be required for radicle protrusion and involves cell-wall hydrolysis by the action o f
GA-induced hydrolytic enzymes (Leubner-M etzger, 2003). Giberellic acid is also
required for embryo cell elongation and for overcom ing coat restrictions to germination
of non-dormant and dormant seeds (Kucera et al., 2005). A n increase in percent
germination with increased concentration o f GA has also been reported by Amri (2010),
who suggested that GA modifies the influence o f cytokinins which in turn neutralise the
inhibitors present in the embryo. In our study reduction o f percent germination was also
observed with increasing concentration o f KNO 3 . Similar observation was recorded by
Amri (2010) wherein, increased levels o f KNO 3 caused cell death thereby decreasing
percent germination. A t low concentrations, KNO 3 is known to increase the
germination rate by providing oxidized forms o f N causing a shift in respiratory
metabolism to the Pentose Phosphate Pathway (Butola and Badola, 2004). Treatment
with acid lowers the resistance o f the covering layers, while treatm ent with GA and
KNO 3 increases the force o f radicle protrusion. Thus, according to the classification
scheme o f seed dormancy proposed by Baskin and Baskin (2004), it is revealed that
seeds o f T. orientalis exhibit a non-deep physiological dormancy.

SEM analysis o f seeds treated with different solutions revealed that treatment with acids
(cone. H2SO4 & 10% HC 1) completely distorted the ornamentation on the seed coat due
to dissolution o f deposits. Treatment with cone. H2SO4 caused the testa to lift and
shrivel. Similar observation was recorded earlier in the seeds o f Polygonum

pensylvanicum (Jordan et al., 1983). Treatment with KNO3 and GA did not show any
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visible effect on the seed coat but facilitated in overcoming the physiological seed
dormancy.

A low percentage o f germination was observed in the initial three months in T.

orientalis. Species o f Trema viz., T. micrantha also exhibit initial dormancy for a few
months due to the presence o f an endogenous germination inhibitor (Silvera et al.,
2003; Vazquez-Yanes, 1998). Further research on these endogenous inhibitors may
reveal the cause of initial dormancy in T. orientalis.

Macaranga peltata seed germination results indicate that the hard impermeable seed
coat surrounding the embryo as well as endosperm restricts germination. Strong
impermeable seed coats protect the embryos during dormancy and maintain an
environment that is conducive for quiescence (Bewley, 1997a). In nature, seeds o f M.

peltata mature in the months o f April and May, and are dispersed by birds just before
the onset o f monsoon. M urali (1997) noted that seeds o f M. peltata were viable for a
period o f 15 months in field conditions and germination began only after 23 days o f
dispersal. Therefore, protection against fungal and parasitic attacks may be offered by
the hard seed coat w hich contains phenolic compounds, thereby reducing the rate o f
field deterioration and make them more resistant (Haris, 1987). Also, epigeal
germination observed in M. peltata is advantageous in that, the cotyledons become
photosynthetic, and may have costs in mechanical support and predation (Bazzaz,
1979). A honeycomb netw ork o f deposits on the seed coat as observed from SEM
reveal the absence o f pores making it impermeable to water. Such network o f deposits
has also been observed in the hard seeded variety o f Glycine Max (L.) Merr. (Haris,
1987) and may be a characteristic feature o f hard seeds. The presence o f tannin in the
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macrosclereid palisade layer o f mature seeds w as observed in the present study. It is
suggested that this browning or tanning reaction contributes to hard-seededness and is
caused by quinone formation and the reactions o f the quinones with themselves and
with proteins in the cells (Marbach and Meyer, 1974, 1975). In endospermic seeds, the
contributions o f both testa and endosperm layers, to the degree o f coat-imposed
dormancy have to be considered (Hilhorst, 1995; Bewley, 1997a). Previous studies
suggest that the after-ripening-mediated prom otion o f tobacco seed germination is
mainly due to a promotion o f testa rupture and a similar promotion o f subsequent
endosperm rupture (Leubner-Metzger, 2002).

Endosperm rupture

is the main

germination-limiting process in members o f Asteraceae and Solanaceae (LeubnerMetzger, 2003). In endosperm-limited germination, weakening o f the micropylar
endosperm surrounding the radicle tip seems to be required for radicle protrusion and is
likely to involve cell-wall hydrolysis by the action o f GA-induced hydrolytic enzymes.
As observed in the present study, seeds when treated with GA alone did not germinate
suggesting the impermeable nature o f the seed coat. Although treatm ent with cone.
H2 SO4 alone was able to overcome this impermeability, it resulted in poor germination
(14%). However, combination o f both the treatments proved to be more efficient in
enhancing seed germination. The seed coat was weakened using cone. H 2 SO 4 while GA
assisted in overcoming the endospermic barrier. GA is reported to overcome the
mechanical restraint conferred by the seed-covering layers by weakening o f the tissues
surrounding the radicle (Kucera et al., 2005). This increases the growth potential o f the
embryo to a point at w hich resistance o f the seed coat is overcome resulting in
germination. On the other hand, complete removal o f the seed coat by mechanical
scarification, reduces the mechanical resistance to embryo growth to the extent the
radicle can elongate. In such a situation, even though the embryo is at a relatively low
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growth potential, eventually the seeds germinate. Similar observations were recorded
earlier in seeds of Suaeda aralocaspica (W ang et al., 2008). Seed germination
treatments and tetrazolium test confirmed that around 20% o f the seeds produced by M

peltata plants are not viable. Also, in all treatments around 20-30% abnormal seedlings
were observed perhaps due to the presence o f under-developed embryos.

The persistence of dormancy and hard seededness in T. orientalis and M. peltata could
be a mechanism to enable the persistence o f their seeds in soil seed banks for longer
durations. Although their viability may decrease, a low percentage o f viable seeds
would still remain in soil and may germinate under favourable conditions. This would
in turn make the environment conducive for entry o f new plants. The most limiting
factor that hinders the use o f T. orientalis and M. peltata for revegetation programmes
i.e. lack o f availability o f large number o f seedlings in nurseries has been overcome
through this study. The present study also confirms a non-deep physiological dormancy
existing in T. orientalis seeds. Among various treatments, prior soaking o f sun dried
seeds for

2h

followed by de-pulping and exposure to cone. H 2 SO 4 for 15 minutes

proved to be most effective and is highly recommended for increasing germination and
producing healthy plantlets in T. orientalis. The study also suggests that, maximum
germination can be achieved from seeds stored for three months. M. peltata seeds
exhibit a physical dormancy and successful germination can be achieved upon complete
removal o f the seed coat in an appreciably limited period. Hence, overcoming
dormancy by using pre-sowing treatments would be very effective in generating large
number o f propagules for revegetation. These techniques being simple and cost
effective would be very useful to the restoration and reforestation practitioners for
generating large number o f propagules at the time o f revegetation.
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CHAPTER - 4

To develop and standardize efficient protocol
for

in vitro

regeneration, multiplication and

acclimatization for

T. o r ie n ta lis

and M . p e lta ta .

4.1: INTRODUCTION
Unavailability o f large seedling stock at the tim e o f out planting is one o f the major
hindrance in using desired native plant species for revegetation. Micropropagation o f
tree species offers rapid means to produce clonal planting stock for re-forestation
programmes and conservation o f elite and rare germplasm (Fenning and Gershenzon,
2002). High-frequency cloning is mainly useful for forest trees characterized by poor
seed set, absence o f uniform seed production, and seeds prone to genetic damage or loss
of viability during storage (Sharp et al., 1980). In vitro culture techniques have
therefore been increasingly applied to supplement conventional means o f propagation in
species that are difficult to propagate. The potential benefits o f clonal propagation have
long been recognized to generate high multiplication rates, generation o f disease-free
and stress tolerant variants, and long term conservation o f valuable germplasm (Thorpe
et al., 1991). However, while tissue culture technology has been developed for mass
propagation o f various plant species, protocols for in vitro propagation o f several tree
species is unavailable (Thomas and Puther, 2004). Micropropagation o f woody species
has proven to be a viable m ethod for the production and conservation o f native species
aiding in the recovery o f degraded areas (M erkle and Naim, 2005). In general, it is
known that woody trees are difficult to regenerate under in vitro conditions, as in vitro
propagation o f trees has a comparatively low success with mature explants from adult
trees (Kataria et al., 2013). However, micropropagation systems such as axillary and
adventitious shoot multiplication and somatic embryogenesis, employed in plantation
forestry is regarded as an imperative strategy to achieve rapid genetic gain and is
currently used for large scale multiplication o f important tree species (Yashoda et al.,
2004). There is an urgent need to develop viable protocols for mass proliferation and
multiplication o f plant species having potential for tropical forest restoration. Non-
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synchronous seed germination and loss o f seed viability with time are the major
impediments that stress the need for developing in vitro protocols for plantlet
development in M. peltata and T. orientalis.

Moreover, to our knowledge no previous report on in vitro propagation within the genus

Macaranga is available, and this would be the first report o f M. peltata documented.
Also, no study on direct organogenesis o f T. orientalis has been documented. Therefore,
the main aim of this study was to develop reliable and efficient in vitro propagation
protocols for T. orientalis and M. peltata.

4.2: MATERIAL AND METHODS
4.2.2: Plant Material and preparation of explants
Two approaches were tried for regeneration o f T. orientalis and M. peltata plants viz.,
direct organogenesis using nodal segments and indirect organogenesis via callus
induction using leaf explants. Nodal segments and young leaves were used as explants
for in vitro culture studies. These explants were obtained from actively growing
branches o f T. orientalis and M. peltata plants previously grown in the green house.
The collected tissues were brought to the laboratory and washed thoroughly under
running tap water for 15 minutes to remove surface dust. They were then immersed in a
solution containing 1% Bavistin (w/v) and 5% Tween 20 (v/v) for % h and lh, followed
by repeated washing w ith double distilled water. All subsequent operations were carried
out in the laminar air flow chamber. The explants were surface sterilized in 70% (v/v)
ethanol for 2 minutes, followed by 0.01% (w/v) mercuric chloride treatment for 3
minutes, with frequent swirling. They were then rinsed four times in sterile distilled
water. Nodal segments were trimmed (1cm) at both ends to expose fresh tissue and
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inoculated upright onto the medium. Leaf explants were excised into lx lc m pieces and
inoculated.

4.2.2: Media and Culture condition
In case of T. orientalis, MS medium (Murashige and Skoog, 1962) was used throughout
the study, as initial experiments indicated that explants did not respond to other media.
While M. peltata explants were responsive to W oody Plant Medium (W PM ) (Lloyd and
McCown, 1981) and this medium was used for study. The nutrient m edia used for all
the experiments contained MS and WPM basal salts and vitamins supplemented with
3% (w/v) sucrose (Himedia, India). Addition o f activated charcoal to W PM medium
was necessary as M. peltata explants exuded phenolics in the medium that hampered
the growth of explants. All the salts used were o f analytical grade. The pH o f the
medium was adjusted to 5.7 using 0.1 N NaOH or 0.1 N HC1, solidified with 0.8%
(w/v) agar (Himedia, India) and autoclaved at 121°C for 15 min. All cultures were
maintained at 25 ± 2°C under 16/8 h (light/dark) photoperiod, white light with 30 pmol
2

i

m' s‘ irradiance was provided by cool white fluorescent lamps (2 tubes, 40 W, Philips,
India).

4.2.3: Multiple shoot induction and proliferation
i. Shoot induction in T.

orien talis

a. Direct shoot regeneration from nodal explants
Nodal segments were sterilized and cultured on MS medium supplemented with
cytokinins (TDZ, Kin and BA) at different concentrations (2.0, 2.5, 3.0, 3.5, 4.0 and 4.5
mg l'1) in combination w ith 0.2 mg f 1 NAA .The explants producing shoots were sub
cultured onto fresh m edia having same composition after three weeks. The number o f
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shoots per explant and shoot length were scored after six weeks o f culture. A set
containing MS medium w ithout growth regulators served as control. For elongation,
shoots were transferred to MS medium fortified w ith 1 mg f 1 Kin.

b. Callus induction from lea f explants
For callus induction, the le af explants o f lx lc m were cut with scalpel after sterilization
and cultured in Petri dishes containing 20 ml medium . MS medium was supplemented
with 30 g l'1 sucrose, 8 g l '1 agar and plant grow th regulators NA A , IBA and 2, 4- D
(0.4, 0.8, 1.2, 1.6 and 2.0 mg l'1) and BA (0.1, 0.2, 0.3, 0.4 and 0.5. mg l'1 resp.). Six
replicates were maintained for each treatment. Three leaf explants were cultured per
Petri dish. Petri dishes were sealed using parafilm and incubated at 25 ± 2°C and sub
cultured after every three weeks.

c. Shoot regeneration from callus
Six weeks old calli induced from leaf explants were cultured on MS media
supplemented with different concentrations o f B A (2, 2.2, 2.4, 2.6, 2.8 and 3 mg l'1) in
combination with 0.2 m g l '1 NAA, lm g F1 Adenine Sulphate (AS) and 10% Coconut
Water (CW). The explants producing shoots w ere sub cultured onto the fresh media
with the same com position o f growth regulators after three weeks. The number o f
shoots per explant and shoot length were scored after six weeks o f culture. A set
containing MS medium w ithout growth regulators served as control. For elongation the
shoots were transferred to M S medium fortified with 1 mg 1 1BA.

ii. Shoot induction in M . p e lta ta
a. Direct shoot regeneration from nodal explants
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Nodal segments o f M. peltata were cultured on WPM medium supplemented with
different concentrations o f cytokinins viz., K in and BA (2, 4, 6, 8 and 10 mg l '1) in
combination with 0.2 mg l '1 NAA, 1 mg l '1AS, 1 m g l '1 Ascorbic Acid (AA) and 0.1%
AC. The explants producing shoots were sub cultured onto the fresh media after three
weeks. The number o f shoots per explants and shoot length were scored after six weeks
of culture. A set containing W PM medium w ithout growth regulators served as control.
Shoot elongation was achieved on the same media.

b. Callus induction from lea f explants
For callus induction, the leaf explants o f lx l cm were cut after sterilization and cultured
in Petri dishes containing 20 ml WPM medium supplemented with 30 g l '1 sucrose, 8 g
l'1agar and plant growth regulators. NAA, IBA and 2, 4-D (0.4, 0.8, 1.2, 1.6 and 2.0 mg
f 1) and BA (0.1, 0.2, 0.3, 0.4 and 0.5 mg l'1 resp.) were used. Ten replicates were used
for each treatment. Three leaf explants were cultured per Petri dish. Petri dishes were
sealed with parafilm and incubated at 25 ± 2°C and sub cultured every three weeks.

c. Shoot regeneration from callus
Six weeks old calli induced from leaf explants were cultured on WPM media
supplemented with B A at different concentrations (0.4, 0.8, 1.2, 1.6, 2 and 2.4 mg 1*)
alone or in combination w ith 0.2 mg l'1 2,4-D. The explants producing shoots were sub
cultured onto fresh m edia w ith the same composition o f growth regulators after three
weeks. The number o f shoots per explant and shoot length were scored after eight
weeks o f culture. A set containing WPM medium without growth regulators served as
control. For elongation, shoots were transferred to WPM basal medium.
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4.2.4: Induction of rooting and acclimatization
i. Root induction and acclimatization in T.

o rien ta lis

For root induction, excised microshoots (1-2 cm length) were transferred to half
strength MS basal medium supplemented w ith different concentrations o f IBA and
NAA (0.5, 1.0 and 1.5 mg l'1) and 2% sucrose. O ne excised shoot was placed in each
tube containing 15 ml o f culture media. All the cultures were incubated at 25 ± 2°C
under 16 h photoperiod. Rooted micropropagules were thoroughly washed to remove
the adhering gel and planted in plastic pots containing vermiculite for initial 2 weeks
and kept covered with perforated polythene bag to maintain humidity. They were then
transferred to mine soil containing vermicompost (2:1) and kept covered for an
additional week until the emergence o f fresh leaves. The growing plantlets were then
exposed and kept in

green-house conditions

for further acclimatization and

subsequently transplanted to the field.

ii. Root induction and acclimatization in M . p e lta ta
For root induction, excised microshoots (1-2 cm length) were transferred to half
strength WPM basal m edium supplemented w ith different concentration o f IBA, NAA
and IAA (0.5, 1.0 and 1.5 m g l'1) and 0.1% AC. One excised shoot was placed in each
flask containing 50 ml o f culture media. All the cultures were incubated at 25 ± 2°C
under a 16 h photoperiod w ith cool, white fluorescent lamps. Rooted micropropagules
were washed thoroughly w ith distilled water to remove the adhering gel and planted in
bottles containing sterile vermiculite wetted with 15 ml Hoagland’s solution and kept
for one week covered w ith parafilm (until the emergence of fresh leaf). Plantlets were
then transferred to m ine spoil and farm yard manure mixture (2:1, v/v). The growing

61

plantlets were kept in green-house under natural light and humidity conditions for
further acclimatization and subsequently transplanted to the field.

4.2.5: Data collection and Statistical Analysis
The data for percentage response, number o f shoots per explant and shoot length was
recorded after six weeks o f culture. Shoot length was measured w ith the help o f a scale
after isolation of individual shoots for sub culturing. Root length was measured at the
time o f acclimatization o f the plantlets. The experiments were established in a
completely randomized design. A total o f ten cultures were raised for each treatment o f
shoot induction and six cultures for root induction experiments, all treatments
experiments were replicated thrice. Mean values were separated using one-way analysis
of variance (ANOVA) followed by post Hoc testing using Duncan M ultiple Range Test
(DMRT) at P < 0.05. Statistical package SPSS 17.0 (Chicago, California) was used for
all statistical analyses.

4.3: RESULTS
Although being ideal explants, nodal segments and leaf explants o f M. peltata are
difficult to disinfect m ainly due to the presence o f fungal endophytes. However, pre
treatment with Bavistine and Tween 20 for 1 h w as effective in producing sterile nodal
cultures (60%). Trema orientalis required a lesser exposure time (% h) to Bavistin and
Tween 20 for complete sterilization.
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4.3.1 Effect of cytokinins on multiple shoot regeneration of nodal
explants of T. o r ie n ta lis
Augmentation of cytokinin along with small am ount o f auxin in the MS basal medium
resulted in the formation o f multiple adventitious shoots from the axillary region. Nodal
explants failed to respond morphogenetically to growth regulator free MS medium.
Type and concentration o f PGR’s used had significant effect on multiple shoot
induction in T. orientalis. An initial enlargement or swelling o f the explant was
observed after one week o f culture followed by bud break, and multiple shoot buds
began to appear after three weeks. A single shoot emerged from each axil o f the nodal
explants inoculated on MS basal medium which served as a control. Multiple shoot
induction was observed in all cytokinin augmented media but the percentage response,
mean number of shoots per explant and mean shoot length varied considerably with the
type and concentration o f cytokinin incorporated (Table 8). O f the three cytokinins
used, Kin was most effective for shoot proliferation and multiplication (Plate 5 - A, B,
C). A significant increase in shoot number was observed on MS medium fortified with
3.5 mg l'1 Kin and 0.2 mg l '1 NA A forming an average number o f 14 shoots per explant
over a period of four weeks (Table 8). Shoots elongated well on MS medium
containing 1 mg l'1 Kin (Plate 5 - D, E , F). Average shoot length in Kin supplemented
media was also significantly high (2.8 cm). Considerably less number o f shoots were
produced in BA supplem ented media and large amount o f callus was produced at the
base o f nodal explants w ith slow axillary bud proliferation (Plate 6 - A, B, C, D). While
plantlets developed from TDZ supplemented media resulted in shoot abnormalities
(Plate 6 - E, F, G, H). M axim um shoot proliferation and multiplication was observed in
axillary meristems from the third nodal segment.
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Table 8: Effect of different concentrations o f Kin, BA and TDZ in combination with
NAA on shoot regeneration from nodal explants of T. orientalis after 6
weeks of culture.
Growth regulators (mg I'1)

Regeneration

NAA

No. of shoots/
explants

2.0

0.2

1.60 ± 0 .5 2 et

23.33

1.50 ± 0.15de

2.5

0.2

1.80 ± 0 .4 2 def

40.00

1.70 ± 0.24cd

3.0

0.2

2.40 ± 0 .5 2 cd

43.33

2.10 ± 0.30b

3.5

0.2

14.00 ± 1.33 a

66.66

2.80 ± 0.21a

4.0

0.2

1.80 ± 0.6 3 def

26.66

1.70 ± 0.22bcd

4.5

0.2

1.80 ± 0.6 3 def

23.33

1.70 ± 0.36bcd

2.0

0.2

1.80 ± 0 .9 2 def

56.66

1.00 ± 0.35f

2.5

0.2

2.20 ± 0.63 cde

60.00

1.10 ± 0.23ef

3.0

0.2

2.60 ± 0 .5 2 c

66.66

1.10 ± 0.30f

3.5

0.2

3.40 ± 0.52 b

86.66

1.80 ± 0.38bcd

4.0

0.2

1.60 ± 0 .5 2 ef

53.33

0.80 ± 0.17fg

4.5

0.2

1.40 ± 0.52 fg

33.33

0.60 ± 0.308

2.0

0.2

0.80 ± 0.42 811

16.66

1.70 ± 0.26cd

2.5

0.2

1.40 ± 0.52 fg

30.00

1.90 ± 0.3 l bc

3.0

0.2

3.40 ± 0.52 b

33.33

1.60 ± 0.30cd

3.5

0.2

2.40 ± 0.52 cd

60.00

1.70 ± 0.64bcd

4.0

0.2

1.80 ± 0.6 3 def

26.66

1.60 ± 0.44cd

4.5

0.2

1.60 ± 0.52 ef

20.00

1.50 ± 0.35de

0.40 ± 0.52 h

6.66

0.40 ± 0.61s

Kinetin

MS Basal

TDZ

BA

(% )

Shoot length
(cm)

Legend: Values represent means ± SD. Means followed by the same letter within columns are not
significantly different (P < 0.05). n=10.

Plate 5: Effect of Kinetin on shoot multiplication and
proliferation in T. orientalis

A, B and C - Multiple shoot induction from nodal explants in MS
+ 3.5 mg L '1 Kin + 0.2 mg l'1 NAA after 3 weeks o f culture.

D, E and F - Shoots transferred to MS + 1 mg L '1 Kin for elongation.

Plate - 5

Plate 6: Effect of BA and TDZ on shoot multiplication
and proliferation in T.

o r ie n ta lis

A, B - Initiation o f axillary bud proliferation after 2 weeks o f culture on MS
+ 3 m g l'1 BA and 0.2 mg f 1 NAA

C, D - Shoot proliferation after 4 weeks o f culture on MS + 3 mg f 1BA
and 0.2 mg l'1 NAA

E, F - Shoot induction on MS + 3.5 mg l '1 TDZ and 0.2 mg l'1NAA after
2 weeks o f culture.

G, H - Abnormal shoots produced on TDZ supplemented medium.

Plate - 6

4.3.2: Effect of auxins on callus induction in T. orientalis
Of the different concentrations o f auxins used, N A A and IBA at 0.8 mg l'1 and 1.2 mg f
1 along with BA 0.2 mg l"1 and 0.3 mg l'1 resp. were found to be suitable for callus
induction in T. orientalis (Plate 7 - A, B). L e a f explants inoculated on MS medium
supplemented with 0.8 mg l"1NAA and 0.2 m g l '1BA induced callogenesis after twenty
one days of inoculation, while callus induction in m edium with 1.2 m g l'1NAA and 0.3
mg l'1BA was observed after sixteen days o f inoculation. The callus developed on NAA
supplemented media was cream coloured and fragile (Plate 7 - C). MS media
containing 0.8 mg l'1 IBA and 0.2 mg l'1 BA induced callus formation within sixteen
days of inoculation and upon increasing the concentrations to 1.2 mg l '1IBA and 0.3 mg
l'1 BA callus formation was observed after fourteen days o f inoculation. The callus
developed on IBA supplemented media was light green in colour and compact (Plate 7
- D). Thus two types o f calli, compact or embryogenic and fragile or non-embryogenic
were developed from the explant under the influence o f different growth regulators. No
callusing was observed at higher concentration o f PGR’s indicating that these
concentrations were most suitable for callus induction in T. orientalis. Various
combinations of 2 ,4-D and BA did not result in callus formation suggesting that 2, 4-D
in combination with BA is not suitable for callus induction in T. orientalis.

4.3.3: Shoot induction from leaf calli in

T. o rie n ta lis

Regeneration was evident after six weeks o f inoculation on regeneration media. Initially
compact green callus differentiated into dark green nodules that later developed into
young shoots. Shoot regeneration was observed on media containing 2.6, 2.8 and 3.0
mg l'1 BA and 0.2 m g T1 N A A respectively, supplemented with 1 mg l"1 AS and 10%
CW 70% o f calli inoculated on regeneration media responded forming well
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Plate 7: Callus induction, proliferation and regeneration
from T.

o r ie n ta lis

leaf explants

A - Callus induction on MS 0.8 mg l'1IBA + 0.2 mg l '1BA after 2
weeks o f culture.

B - Closer view o f callus initiation from the cut edges o f leaf explants.

C - Cream coloured fragile callus developed on MS + 0.8 mg l'1NAA
+ 0.2 mg I'1BA

D - Light green compact callus developed on MS + 0.8 mg l"1IBA
+ 0.2 mg r 1BA

E, F - Callus differentiation on MS + 2.6 mg l'1 BA + 0.2 mg l"1NAA after
4 weeks o f culture.

differentiated shoots. Lower concentration o f BA induced significantly less number o f
shoots (Plate 7 - E, F) and 2.8 mg l"1 BA supplem ented with 1 mg l '1 AS and 10% CW
was found to be optimum for shoot differentiation (Plate 8 - A, B, C , D, E) (Table 9).
Addition of both AS and CW together was essential for shoot regeneration as callus
inoculated on media devoid o f these additional supplements did not initiate
differentiation. Also, both AS and CW when added alone along w ith growth regulators
did not induce shoot regeneration from callus. A t all other concentrations o f BA, the
callus turned green and grew profusely without differentiation. K in and TDZ when tried
at same concentrations for differentiation did not yield the desired results and calli grew
profusely on the media. It was also observed that the ability o f callus to differentiate
decreased upon repeated sub culture. Differentiation o f callus was observed till fourth
generation upon sub culturing and failed to differentiate beyond this period.

4.3.4: Root induction of T.

o r ie n ta lis

shoots

Well developed shoots (2-3 cm long) were excised and transferred to root induction
media containing different concentrations o f IB A and NAA. N A A proved to be the
most efficient in inducing roots while IBA only induced callusing at the base with no
rooting. Also, higher concentrations of NAA did not support root induction and massive
amount of callusing w as recorded at the base o f the shoot eventually leading to
mortality o f the shoot. 0.5 m g l'1 NAA was found to be ideal for root induction o f T.

orientalis microshoots producing significantly higher number o f well developed roots
within three weeks o f culture (Plate 8 - G) (Table 10). All regenerated plantlets grew
well under greenhouse conditions. Plantlets o f T. orientalis being potential candidates
for mine spoil reclamation were directly transferred to mine spoil amended with YC for
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Plate 8:

T. o r ie n ta lis

shoot regeneration, rooting and acclimatization

A - Dark green nodule developed from callus on MS + 2.8 mg l'1 BA
+ 0.2 mg l'1NAA after 4 weeks o f culture.

B - Multiple shoot bud differentiation from callus on MS + 2.8 mg l'1 BA
+ 0.2 mg l'1 NAA after 6 weeks o f culture.

C - Closer view o f multiple shoots initiated from callus.

D, E, F - Shoot proliferation and elongation on MS + 1 mg l '1 BA.

G - Root induction on MS + 0.5 mg l'1 NAA

H, I - Acclimatization o f in vitro developed plantlets to mine rejects.

Table 9: Effect of BA in combination with NAA, adenine sulphate (AS) and coconut
water (CW) on shoot regeneration from leaf calli of T. orientalis after 6
weeks of culture.

Growth
regulators (mg l"1)
BA
NAA

No. of
shoots/
explants

Regenera
tion (%)

Callus Characteristics

2.0

0.2

0.0 ± 0.00

0 ± 0.00

Callus turns green and grows profusely.

2.2

0.2

0.0 ± 0.00

0 ± 0.00

Callus turns green and grows profusely.

2.4

0.2

0.0 ± 0.00

0 ± 0 .0 0

Callus turns green and grows profusely.

2.6

0.2

2.20b ± 0.42

49.00b± 5.68

2.8

0.2

10.00a ± 1.15

62a.00 ± 4.22

3.0

0.2

1.40b± 0.51

34.00c ± 5.16

Callus turns green, slow growing with a
few nodules developed.
Dark green nodules start appearing
which later differentiated to shoots.
Callus turns green with slow growing
with a few nodules developed.

Legend: Values represent means ± SD. Means followed by the same letter within columns are not
significantly different (P < 0.05). n=10.

Table 10: Effect of NAA on root developm ent in T. orientalis shoots after 3 weeks o f
culture on h alf strength MS medium.

NAA concentration
(mg
0.0

Rooting
(% )
0.00 ± 0.00

lyiean n u m b er of
roots/shoot ± SD
0.00 ± 0.00

M ean root
length/explant ± SD (cm)
0.00 ± 0.00

0.5

61.1 l a ± 9.62

1.60a ± 0.55

3.80a ± 0.84

1.0

27.77b ± 9.62

0.80b ± 0.45

1.60b ± 1.14

1.5

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

r1)

Legend: Values represent means ± SD. Mean followed by the same letter within columns are not
significantly different (P < 0.05). n=6.

better acclimation (Plate 8 - H, I). The regenerated plants did not show any phenotypic
abnormalities with that o f field grown plants.

4.3.5: Shoot induction in nodal explants in M . p e lta ta
Nodal explants cultured in the absence o f growth regulators senesced without producing
any shoots. The effect o f growth regulators on axillary shoot induction and
multiplication from nodal explants are presented in Table 11. Shoot induction was
observed after two weeks o f culture in all the treatments. The concentration o f BA
alone and in combination with IAA had a significant effect on the number o f shoots
produced from nodal segments. 8 mg l'1 BA in combination w ith 0.2 mg l'1 IAA was
found to be most effective both serving as shoot induction as well as elongation
medium with high frequency o f shoot regeneration and well elongated shoots (Plate 9 A ,B). However, in the present study BA alone did not have a significant effect on shoot
regeneration and in the presence o f IAA its effect was enhanced. Both the regeneration
frequency and number o f shoots declined w ith an increase in cytokinin concentration
beyond the optimal level.

4.3.6: Effect of auxins on callus induction in M . p e lta ta
Creamish white com pact callus appeared from the cut edges at the vein region o f the M.

peltata leaf explants after twelve days o f inoculation (Plate 9 - C, D). O f the different
growth regulators used only 2, 4-D was effective in inducing callus, while NAA and
IBA alone and in com bination with BA were not effective. 1.6 mg T12, 4-D and 0.4 mg
l '1BA was effective for inducing callogenesis (Plate 9 - E).
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Table 11: Effect of grow th regulators on shoot proliferation after 6 weeks of culturing
M. peltata nodal explants on W PM m edium .

Growth
regulators (mg l'1)
IAA
BA
2

Shoot
Regeneration (% )

M ean num ber of
shoots/ explant

Shoot length (cm)
±SD

12.50

1.00bc

0.76e ± 0.40

4

-

16.67

1.00 bc

0.97de ± 0.36

6

-

16.67

1.00bc

1.05de ± 0.22

8

-

37.50

1.00 bc

0.93de ± 0.32

10

-

33.33

1.00bc

1.13d ±0.27

2

0.2

8.33

1.00bc

1.67c ± 0.34

4

0.2

33.33

1.00bc

2.18b ± 0.18

6

0.2

37.50

1.16*

2.35b ±0.18

8

0.2

62.50

1.67a

3.02a ±0.13

10

0.2

45.83

1.33ab

2.42b ± 0.26

Legend: Means followed by the same letter in each column are not significantly different at P<0.05.
Data are means o f 10 replicates.

Plate 9: Shoot regeneration from nodal explants and
leaf calli in M. peltata

A - Shoot initiation from nodal explants o f M. peltata on WPM
+ 8 mg l '1 BA + 0.2 mg l'1 IAA after 3 weeks o f culture.

B - Shoot elongation on basal WPM.

C - Callus induction in young M. peltata leaf on W PM + 1.6 mg f 12, 4-D
+ 0.4 mg l'1BA.

D - Callus induction in mature M. peltata leaf on W PM + 1.6 mg f 12, 4-D
+ 0.4 mg l'1BA.

E - White cottony callus o f M. peltata.

F - Callus differentiation after 8 weeks o f culture on W PM + 1.6 mg l'1BA.

G, H - Closer view of shoot prim ordia developed on differentiation media

4.3.7: Shoot induction from leaf explants in M. peltata
Calli from M. peltata leaf explants were m ore responsive to BA than Kin and TDZ.
Shoot primordia appeared from calli inoculated on W PM supplemented with 1.6 mg l'1
BA and 2.0 mg l'1BA with and without 1.6 m g l '12, 4-D after 8 weeks o f culture (Plate
9 - F, G, H) (Table 12). However, no further shoot growth and differentiation occurred
upon prolonged culturing.

4.3.8: Root induction of M . p e lta ta shoots
Rooting performance was greatly improved w hen elongated M. peltata shoots (2-3 cm
long) excised from parent culture were grown on half-strength WPM medium
supplemented with IBA and activated charcoal (Plate 10 - A, B, C, D). No rooting was
observed on the control medium without PG R ’s and most plants became chlorotic and
eventually died over a period o f six weeks. NA A and IAA were not effective in
inducing roots at all concentrations and excessive callus formation at the base o f the
shoots followed by wilting was recorded. IBA at 0.5 mg l'1 concentration was most
efficient inducing root formation after two w eeks o f culture w ith an average o f 4 roots
per shoot and root length o f 4.98 cm recorded after three weeks o f culture (Table 13).
Addition o f AC was necessary for rooting o f M. peltata shoots. All regenerated
plantlets grew well under greenhouse conditions. Transfer to vermiculite was essential
initially to prevent plant shock during the transition from in vitro to in vivo state (Plate
10 - E). Macaranga peltata being a potential candidate for mine spoil reclamation was
directly transferred to m ine spoil amended w ith FYM for better acclimation (Plate 10 F). The regenerated plants did not show any phenotypic abnormalities with that o f field
grown plants.
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Table 12: Effect of different concentrations of BA with and without 2, 4-D on shoot
regeneration from leaf calli of M . p e l t a t a after 8 weeks of culture.

Growth
regulators
(mg r1)
BA 2 ,4-D

No. of
shoots/
explants

Regenera
tion (%)

Callus Characteristics

0.4

0.0 ± 0.00

0 ± 0.00

No response

0.8

0.0 ± 0.00

0 ± 0.00

No response

1.2

0.0 ± 0.00

0 ± 0.00

Callus turns green no increase in mass.

1.6

2.0a ± 0.94

30a ± 6.67

Callus turns green, differentiation after 8 weeks.

2.0

1.3b± 0.48

30a ± 4.71

Callus turns green, differentiation after 8 weeks.

2.4

0.0 ± 0.00

0 ± 0.00

Callus turns green, no differentiation.

0.4

0.2

0.0 ± 0.00

0 ± 0.00

Increase in mass with no change in callus colour.

0.8

0.2

0.0 ± 0.00

0 ± 0.00

Increase in mass with no change in callus colour.

1.2

0.2

0.0 ± 0 .0 0

0 ± 0.00

Increase in mass with no change in callus colour.

1.6

0.2

1.6ab ± 0.52

20b ± 6.67

2.0

0.2

0.0 ± 0 .0 0

0 ± 0.00

Callus turns dark green, grew profusely,
differentiation after 8 weeks.
Callus turns dark green, grew profusely.

2.4

0.2

0.0 ± 0.00

0 ± 0.00

Callus turns green and grew profusely.

Legend: Values represent means ± SD. Means followed by the same letter within columns are not
significantly different (P < 0.05). n=10.

Plate 10: Root induction and acclimatization of regenerated
M . p e lta ta

plantlets.

A - Root induction in M. peltata shoots on Vi WPM + 0.5 mg l'1 IBA.

B, C - Massive rooting o f M. peltata shoots after 3 weeks o f culture.

D, E - Initial transfer and growth in vermiculite.

F - Acclimatization and growth o f in vitro developed plants in mine spoil
amended with Farm yard manure.

Table 13: Effect of IBA at different concentrations and AC on root development in M .
p elta ta shoots after 2 weeks of culture on half strength WPM medium.

(% )

M ean n u m b er of
roots/shoot ± SD

M ean root
length/explant ± SD
(cm)

0.0

0.00

0.00

0.00

0.5

93.33a

4.50a ± 0.55

4.98a ± 0.70

1.0

46.67b

3.33b ± 0.52

2.37b ± 0.62

1.5

40.00b

2.33c ± 0.52

1.93c ± 0.38

IBA concentration

Rooting

(mg l'1)

Legend: Means followed by the same letter in each column are not significantly different at P<0.05.
Data are means o f 6 replicates.

4.4: DISCUSSION
Type of culture medium was found to greatly influence T. orientalis and M. peltata
cultures. Nodal and leaf segment explants o f M. peltata were more responsive to WPM,
while explants of T. orientalis responded well to MS medium. Best results with WPM
in M. peltata was probably due to its weaker salt formulation and lower sucrose levels
as compared to MS and this known to reduce browning and promote axillary bud
development in most forest tree species (Evers, 1984; M cCown and Sellmer, 1987).
The major differences among WPM and M S media lies in their macronutrient
concentration, particularly, ammonium and nitrate ion concentrations, and total ion
concentration. Full-strength MS is high in am m onium (20.6 mM ) and nitrate ions (39.4
mM), while WPM contains low concentrations o f both ammonium (5 mM) and nitrate
(9.7 mM) ions (Bell et al., 2009). WPM medium was found to be the most effective for
axillary bud culture (Nirmal Babu et al., 2000), as well as for the induction o f callus and
subsequent regeneration in other woody tree species also (M echanda et al., 2003). Also,

M. peltata explants released phenolic substances in media that would retard explants
growth and differentiation. Hence, addition o f AC to the media was a prerequisite in
controlling browning o f explants and reduction o f polyphenolic compounds (Pan and
Van Staden, 1998). W hile, growth and differentiation o f T. orientalis explants did not
require the addition o f AC.

In natural habitats, the axillary buds o f T. orientalis and M. peltata lie dormant. The
present investigation confirm s the possibility o f breaking axillary bud dormancy and
inducing multiple shoots from nodal segments in vitro on media containing higher
concentrations o f cytokinins. Adventitious shoot regeneration can be affected by
various preconditioning factors including type o f cytokinin in the shoot proliferation
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medium (Swartz et al., 1990; Chevreau and Leblay, 1993; Bell, 1995). The choice o f
PGR’s therefore determines both the ability o f the explant to respond and the mode o f
the morphogenic reaction (Paul et al., 2011). It is well known that cytokinin promotes
the outgrowth o f dormant axillary buds by antagonizing the activity o f auxin (Werner
and Schmulling, 2009), while elevated levels o f exogenous cytokinin could also lead to
the initiation o f abnormal shoots (Ramage and Williams, 2004). Therefore, ratio o f
cytokinin to auxin in culture medium is a crucial determinant for prim ordial induction
and formation of normal shoots during organogenesis (Jeong et al., 2009). In the present
study, cytokinin type and concentration had significant effect on shoot regeneration,
and a differential response was observed with different cytokinins used. In T. orientalis,
although shoot induction from nodal explants was observed in all cytokinin augmented
media, the percentage response, mean number o f shoots per explant and mean shoot
length differed considerably with the type and concentration o f cytokinin incorporated.
Kin appeared to be m ore superior to BA and TDZ for multiple shoot induction from
nodal explants in terms o f producing m aximum number o f shoots with highest
regeneration percentage and shoot length. M oreover, TDZ produced abnormal shoots
that did not elongate and perished eventually, while BA induced considerably less
number o f shoots w ith massive callusing at the base o f the explants. Previous reports
have indicated that TD Z stimulates shoot proliferation while inhibiting their elongation
(Sivanesan et al., 2011). Inhibition o f shoot elongation is a common problem with TDZ
and it may be consistent w ith its super optimal cytokinin activity, whereas the presence
o f a phenyl group in TD Z may be the possible cause o f shoot bud fasciation (Huetteman
and Preece, 1993; Steinitz et al., 2003). Also, NAA was required in small amount for
shoot induction along w ith KIN, TDZ or BA, as a balanced auxin and cytokinin
concentration is required for the onset o f regeneration (Skoog and Miller, 1957).
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Therefore, results o f the study clearly indicate that nodal explants regenerated with
highest success on media containing Kin in com bination NAA.

However, in M. peltata BA in combination w ith IAA along with AS and AA proved to
be most effective for shoot regeneration over other growth regulators. It is well
established that BA is the best cytokinin for stimulating shoot multiplication in a broad
range of species (Gaspar et al., 1996). Effectiveness o f BA to induce multiple shoots
was also reported in other woody species (Rout and Das, 1993; Kaveriappa et al., 1997;
Jain and Babbar, 2000; Siddique and Anis, 2009; Anis et al., 2005). The addition o f
auxins like IAA to the culture medium enables the cultures to initiate cell division and
control the growth processes and cell elongation. According to M endoza and Kaeppler,
(2002), the use o f auxin in combination w ith cytokinin, leads to rapid cell division,
forming a large number o f relatively small and undifferentiated cells. AS in m edia
reinforces the effects o f other PGRs thereby enhancing shoot proliferation response
(Husain and Anis, 2009) while AA has been reported to be involved in cell division and
elongation (De Pinto et al., 1999). Also, the decrease in M. peltata shoot formation
because o f increasing BA concentration observed may be due to the toxicity o f BA at
higher concentrations. Narayanaswamy (1977) reported that the toxicity is caused by
excess o f growth regulators used in the culture medium, and extended period o f
exposure might lead to genetic, physiological and morphological changes, resulting in a
reduction o f the proliferation rate in vitro.

Callus was induced from leaf explants o f T. orientalis on media supplemented either
with IB A or NAA along w ith BA. The combination of NAA and BA is used for callus
induction in many tree species (Carimi et al., 1995; Fan et al., 2001). However in the

70

present study callus induced on NAA supplem ented media was fragile and non
embryogenic, while IBA induced callus was found to be nodular and embyogenic and
therefore best suited for further shoot regeneration. It is reported that embryogenic calli
presented nodular features and smooth surface, while non embryogenic calli are rough,
friable, and translucent in nature (Jimenez and Bangerth, 2001). A lso, 2, 4-D has been
proven earlier to be most potent and effective PG R for callus induction in many species
(Okamura et al., 2001; W oo et al., 2000). However, it did not induce callogenesis in T.

orientalis, while in M. peltata it was the only PGR that prom oted callogenesis
producing white embryogenic calli from leaf explants.

Plant regeneration via shoot organogenesis is often severely lim ited due to inefficient
development of induced buds into whole plants producing aberrant or distorted leaves
(Jeong et al., 2009). A predominant response for shoot regeneration from callus in T.

orientalis was observed on media supplemented with BA and NAA. Many previous
reports have shown that an appropriate combination o f NAA and B A stimulated shoot
formation from calli (Tokuhara and Mii, 1993; Tisserat and Jones, 1999; Roy and
Baneijee, 2003; Janarthanam and Seshadri, 2008, Corral et al., 2011). However, in
addition to the PG R ’s, CW and AS also helped in organogenesis. CW (liquid
endosperm of coconut) is rich in many different types o f biochemicals, such as 1,3diphenylurea, zeatin, and zeatin riboside, which show cytokinin-like activity and act as
growth factors either individually or synergistically (Arditti, 2008). It has been reported
earlier to be beneficial for shoot induction in several plant species (Murdad et al,, 2006;
Teixeira da Silva and Tanaka, 2006; Kalimuthu et al., 2006; Ng et al., 2011). AS on the
other hand is reported to exhibit a synergistic effect with other cytokinins and the
strategy o f using AS as an adjuvant has been adopted effectively for many woody plant
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species including Tectona grandis (Devi et al., 1994) and Pterocarpus marsupium
(Husain et al., 2008). Macaranga peltata calli on shoot induction media induced
formation of shoot primordial, and showed no further growth.
For any micropropagation protocol, successful rooting is a prerequisite to establish
plantlets in soil. However, it has been observed that rooting is the biggest hindrance to
the propagation of woody plants (Shen et al., 2009). In the present study, specific
multiplication and rooting protocols were optimized and successful multiplication was
achieved without problems o f browning or hyperhydricity. H alf strength media (MS
and WPM) supplemented with 1.5% sucrose, along with PG R’s was suitable for root
induction. Inclusion o f auxin in the medium is necessary for root induction o f T.

orientalis and M. peltata shoots and is a common and effective method to stimulate
adventitious root formation in vitro (Gavidia et al., 1996; De Klerk, 2002). However,
the type and concentration o f auxin that determine optimal rooting response depends
mainly on species, type o f explant tissue and the developmental stage of the plant
(Abdullah et al., 1989; De Klerk et al., 1997). Auxins most frequently incorporated in
the medium to induce rooting are IAA, IBA and N A A (Sivanesan et al., 2011). O f the
three auxins used for root induction NAA w as m ost efficient in T. orientalis while
massive callusing from the basal portion o f shoots was observed on IBA supplemented
media and no response w as observed with IAA. In M. peltata on the other hand, 0.5 mg
l' 1 IBA induced roots w hile shoots were not responsive to NAA and IAA. However, use
of AC in media is im portant for root induction in M. peltata and no root formation in
medium devoid o f AC. There are several reports on root growth promotion by AC and
may be attributed to the reduction o f light at the base o f a shoot can provide an
environment conducive to the accumulation o f photosensitive auxin or co-factors, thus
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stimulating rooting (Pan and Van Staden, 1998). It was also observed that repeated
subculturing decreased the differentiating ability o f the callus.

73

CHAPTER - 5

To study comparative growth and nutrient
uptake in plants grown separately in mine spoil
and garden soil.

5.1: INTRODUCTION:
Revegetation of disturbed areas is usually difficult because o f the extreme physical and
chemical properties o f the substrate which lim it seedling establishment and plant
growth (Bradshaw, 1983). The common im pedim ents such as soil infertility and soil
acidity frequently necessitate the inclusion o f nutrient amendments in the reclamation
processes (Walker, 2002). In mine wastelands nutrient limitation is a m ajor stress factor
involved in the suppression o f plant growth, triggering various physiological and
developmental changes for their survival under these conditions. L ow concentrations o f
N and P have been known to limit the growth o f native and introduced species in mine
spoils (Baig, 1992) and the use o f soil am elioration has been a necessity for initiation o f
vegetation. Mine spoil amendment with bio-fertilizers such as farm yard manure (FYM ),
vermi-compost (VC) and arbuscular m ycorrhiza (AM) may help to neutralize soil
acidity, overcome nutrient deficiency and enhance the soil m icrobial activity thereby
hastening plant establishment. The addition o f organic materials can increase fertility
and improve the physical and biological properties o f degraded soils (Roldan et al.,
1996). Amendment o f m ine spoil also enhances root development at upper soil depths
and increase soil water holding capacity thereby reducing irrigation frequency and
operational costs (Jacobs et al., 2003). Jeffries and Rhodes (1987) have stressed the
importance of introducing plant species w ith mycorrhizae tolerant to prevailing soil
conditions. It is likely that early growth and successful establishment o f tree species is
increased by symbiotic association with A M fungi in the P-deficient soils o f semi-arid
and arid zones (Jasper et al., 1989). As AM fungi are known to enhance root absorption
area up to 47-fold (Sm ith and Read, 1997) they help in overcoming the nutrient
deficient conditions in m ine wastelands. AM fungi form the fundamental linkage
between the biotic and abiotic components o f the ecosystem in addition to their being
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the primary colonizers o f coal mine spoils (Rodrigues, 2000). A m ong all the AM fungal
species, Rhizophagus irregularis {Glomus intraradices) is the m ost widely studied
species as it rapidly colonises host plants and is highly effective in mobilizing nutrients
(Martin et al., 2008). Preliminary studies confirm ed the association o f R. irregularis
with T. orientalis and M. peltata, therefore it w as selected as a potent AM species for
the current study. However, mycorrhizal effectiveness depends on the specific
interaction between each fungus and plant species (Smith et al., 2011), and it is
important to study the influence o f a particular AM fungal inoculum on each plant
species.

Before using amendments in spoil, knowledge o f its short-term effects on soil and plant
growth becomes essential while considering developm ent o f soil-conservation strategies
(Saviozzi et al., 2001) and forest restoration. Plant growth analysis is a necessary step in
understanding plant grow th performance and productivity (Leister et al., 1999),
especially in stressful conditions. Besides the physical growth parameters (height, stem
girth, biomass etc.), le af chlorophyll content is also a significant parameter related to
the physiological status o f plant. Estim ation o f chlorophyll content and related
chlorophyll parameters has practical im plications since they can be used as an index o f
plant nutrient status (Silla et al., 2010). The am ount o f solar radiation absorbed by a leaf
is a function of the photosynthetic pigm ent content and can directly determine
photosynthetic potential and prim ary production (Gitelson et al., 2009) o f the plant.
Nitrogen (N) plays a pivotal role in plant m etabolism and hence in determining growth,
as increasing N supply enhances growth, and consequently, increases the demand for
other nutrients.
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Understanding the spoil properties is also essential in relation to growth o f T. orientalis
and M. peltata to see how best one can m inim ize the phyto-stabilization time and make
their use more effective for ecological restoration. Thus, to gain a better insight in
improving revegetation strategies in mine w astelands using native plant species, the
present study aimed at evaluation o f plant grow th in pure and amended iron ore mine
spoils based on physical as well as physiological parameters and to study the role o f
organic amendments and AM on plant growth. In addition, the potential o f garden spoil
over mine spoil for promoting growth has also been evaluated.

5.2: MATERIALS AND METHODS
5.2.1: Experimental Design
A pot experiment was conducted to evaluate the effectiveness o f organic amendments
(FYM and VC) and AM fungi for improving growth conditions in mine spoil and to
study the potential o f garden soil (GS) over m ine spoil (MS) in promoting growth o f T.

orientalis and M. peltata. A composite sample o f mine spoil was obtained from an iron
ore mine spoil dump, situated at Advalpal (15°38'N, 73°52'E) in Tivim village, Goa.
The experiment was conducted in the shade net o f the Department o f Botany, Goa
University ( 2011- 2012), under natural conditions o f light, temperature and humidity.
The amendments included: Mine spoil + A M (R. irregularis), Mine spoil + Vermicompost (2:1), Mine spoil + Vermi-compost + A M (R. irregularis) (2:1), Mine spoil +
Farmyard Manure (FYM ) (2:1), Mine spoil + FYM + AM (R. irregularis) (2:1) and
pure mine spoil and Garden soil were used as controls. Thus, there were 7 treatments
replicated 10 times for M. peltata and 5 tim es for T. orientalis, arranged in a completely
randomized block design. Seeds o f M. peltata and T. orientalis were collected from
trees growing around the University campus and were mechanically and acid scarified
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respectively to obtain uniform germination. Composition o f FYM used was OC=
8.85%, N= 2.88% and VC contained OC= 6.98%, N= 1.54%. Pure culture o f R.

irregularis (GUAMCC-02) from the AM culture collection o f Goa University was used.
The inoculum consisted o f sand:soil mixture containing live colonized roots, hyphae.
and spores (700 spores lOOg' 1 soil). Two kilograms o f soil was dispensed in pots
(6 '/2”diameter) and pre-germinated seedlings o f M. peltata and T. orientalis were sown
in these pots (1 plantlet per pot). In case o f AM treatment, seedlings were pre
inoculated in soil based culture of R. irregularis and upon ensuring colonization (i.e.
60% after 30 days), transferred to the respective pots. Non-mycorrhizal plants were
grown in sterile sand before transferring to pots. Pots were maintained in shade net for
one year and various growth parameters were recorded (Fig. 8 , 9).

5.2.2: Roots, leaves and soil sampling
Root system from three randomly selected pots (per treatment) was assessed for percent
colonization. Simultaneously, leaf samples were collected from the same pots and
assessed for chlorophyll content. The third leaf from top was sampled for all analyses
(1st leaf was considered as the one that is fully opened and more than 3cm long).
Macro- and micro-nutrients were analyzed from 3 leaf samples from each treatment
separately. The remaining pots were used for total biomass estimation. A composite soil
sample of pure mine sppil and amended spoil was divided into 3 sub-samples and
analyzed.

5.2.3: Soil Analysis
Soil pH and EC was measured in a 1:1 (v/v) water solution. Soil organic carbon (% OC)
was analyzed by titration method (Walkley and Black, 1934). Nitrogen content (%)
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Figure 8: Pictorial representation of experimental design in M.peltata.

Figure 9: Pictorial representation of experimental design in T. orientalis.

from a composite sample (obtained from 3 subsam ples) was determined using CHN
Elemental Analyzer (Isoprime, Vario isotope cube, MASTIL, NCAOR, Goa) using
Sulfanilamide as the standard. Available P w as estim ated using Bray and Kurtz method
(1945). Ammonium acetate method (Hanway and Heidal, 1952) w as used to determine
available Potassium (K) using Flame Photom eter (Systronic 3292). Available
micronutrients viz., Zinc (Zn), Copper (Cu), M anganese (M n) and Iron (Fe) were
quantified by DTP A m ethod (Lindsay and N orw ell, 1978) using Atomic Absorption
Spectrophotometer (AAS Element AS, AAS 414).

5.2.4: Mycorrhizal Colonization and Dependency
Root samples for estim ation o f AM colonization were cleared in 10% KOH followed by
staining with trypan blue (Phillips and Hayman, 1970) and percent root colonization was
calculated (Giovennetti and Mosse,

1980). Mycorrhizal dependency (MD) was

calculated according to (Plenchette et al., 1983) as follows:

Weight of mycorrhizal plant

Mycorrhizal Dependency (%) = Weight of „ „ „ _ mycorrhizal plant X 100

5.2.5: Physical Growth Parameters
Basal stem diameter, height and leaf area (3rd leaf) o f all plants were recorded, leaf area
was recorded on a graph sheet and m easured. The total plant biomass was also
measured on dry w eight basis (105°C, 5 h).
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5.2.6:Plant foliar nutrient analysis
Leaf samples were rinsed three times with distilled water, washed w ith 0.2% teepol,
rinsed again with distilled w ater and air dried. A ir dried samples were then dried to
constant weight in oven at 60°C for 72h. Samples were ground using m ortar and pestle
to obtain fine powder and stored in paper bags in a desiccator until analyses. One gram
of powdered leaf sample was dry-ashed in a furnace for 5h at 550°C. The ash was
dissolved in 3 ml 6 N HC1 and the solution was diluted with deionized w ater to make up
the final volume to 50 ml. The concentration o f P was determined from the extract by
Vanado-molybdo-phosphoric yellow colour method (Chapman and Pratt, 1982), K was
determined by Flame Photometry, Fe, Mn, Zn, and Cu was quantified using Atomic
Absorption Spectrophotometer (AAS Element AS, AAS 414). C and N was measured
from the dried powdered le af material using CHN Elemental Analyzer (Isoprime, Vario
isotope cube, MASTIL, N C A O R , Goa) with Sulfanilamide as the standard.

5.2.7: Extraction and estimation of leaf Chlorophyll:
Extraction of pigment was carried out using dimethyl sulfoxide (DMSO) method
(Hiscox and Israelstam, 1979). Fresh leaf m aterial (O.lg) from M. peltata plants (3
samples per treatment) w ere cut into small pieces and placed in a vial containing 7 ml
DMSO. The vials were incubated at 65°C for lh for complete leaching o f the pigment.
The extracts were transferred to a graduated cylinder and made up to a total volume o f
10 ml with DMSO. The absorbance o f the extract was taken immediately at 480nm,
510nm, 645nm and 663nm using a UV-Vis spectrophotometer (Shimadzu, UV-1800).
Chlorophyll a and b, concentrations in mg/g o f fresh leaves were calculated using the
formulae given by M acLachlan and Zalik (1963), Duxbury and Yentch (1956)
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respectively. Due to lack o f plant material for the control Chlorophyll analysis was not
carried for T. orientalis.

5.2.8: Estimation of Total Carbohydrates
Total carbohydrates in M. peltata were extracted from 100 m g leaf material and
estimated by Anthrone method (Hodge and Hofreiter, 1962). lm g/m l Glucose solution
was used as standard. A series o f test tubes viz., 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9
and 1.0 mg/ml were prepared, absorbance was measured at 630nm and standard graph
was plotted. Amount o f carbohydrate present in the sample was calculated using the
following formula given below.

Amount of carbohydrate (lOOmg sample)

mg of Glucose
X100
Volume of sample

Due to lack of plant material for the control carbohydrate analysis was not carried for T.

orientalis.

5.2.9: Statistical Analysis
The effect of amendments on various param eters were tested using one-way analysis o f
variance (ANOVA) followed by post Hoc testing using Duncan Multiple Range Test
(DMRT) at P < 0.05. Prior to ANOVA, all data were checked for normality and
homogeneity o f variance. Data with non-normal distribution were log transformed
before analysis and back-transformed to present in tables. Parameters were correlated
using Pearson correlation P < 0.01 and 0.05. Statistical package SPSS 17.0 (Chicago,
California) was used for all statistical analyses.
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5.3: RESULTS
5.3.1: Soil Analysis
The physico- chemical analysis of all spoil (pure and am ended) and garden soil is
depicted in Table 14. A significant variation in pH and Electrical Conductivity (EC)
was recorded in amended and pure spoil. Pure m ine spoil was acidic and low in OC,
and was characterized by a deficit in major nutrients i.e. N, K and in particular P, which
were detected in traces. Micronutrients like Fe and M n w ere also found to be
significantly low, while Zn and Cu was present in traces in pure m ine spoil. FYM and
VC amendment significantly increased both macro- and m icro-nutrient levels in m ine
spoil. Mine spoil amended with FYM and VC differed among themselves significantly
in N and P levels. Garden soil recorded a pH o f 5.3 and contained all macro and
micronutrients in sufficient amount.

5.3.2: Growth responses and nutrient uptake in M . p e lt a t a
i.

Plant Growth

The study revealed that amendment o f m ine spoil with FYM and VC significantly
enhanced growth o f M. peltata plants (Plate 11 - a). During the growth period o f one
year no mortality w as observed in any o f the treatments including control. Amendment
with FYM, contributed to maximum increase in plant height, stem diameter and total
plant dry biomass (Table 15), while m axim um leaf area was recorded in the same
treatment but upon A M inoculation. Plants grown in pure mine spoil recorded the least
height, stem diam eter, leaf area and biomass. Mycorrhizal inoculation with R.

irregularis enhanced plant growth (stem diameter, leaf area and biomass) only in pure
mine spoil, while am ended spoil upon AM along with AM inoculation recorded
reduction in growth. Root/shoot ratios o f plants were significantly higher in pure mine
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Table 14: Physico-chemical properties of mine spoil with various amendments at the beginning of the experiment.
Soil

PH

EC

oc

N

P

K

Zn

Fe

Mn

m/mhos

(%)

(%)

(pg/g)

(Pg/g)

(Pg/g)

(Pg/g)

(Pg/g)

(Pg/g)

Cu

GS

5.3b ± 0.65

0.12° ± 0.02

1.63b ± 0.15

0.46b

55.74a± 29.12

512.4° ± 6.71

0.36° ±0.13

43.72b± 2.83

17.9b ± 4.74

1.05” ± 0.03

MS

4.40b± 0.69

0.02c± 0.01

0.48c± 0.01

0.06°

0.0b± 0.0

9.67° ± 0 .9 2

0.0C± 0.0

9.75° ± 2.33

6.39° ± 1.86

0.0° ± 0.0

(trace)

(trace)

(trace)

MS+FYM

6.46a± 0.06

1.03b± 0.15

3.13a± 0.35

0.56a

32.78a± 5.44

92.5a± 8.87

4.64b± 0.73

52.58a± 6.42

25.16b± 5.67

0.89b± 0.61

MS+VC

6.30a± 0.20

1.64a± 0.13

1.77b± 0.30

0.17b

56.62a± 6.71

73.79a ±15.33

16.09a± 2.56

59.20a ± 5.72

43.94a ± 6.36

2.55a± 1.25

Legend: (GS= Garden soil, MS= Mine spoil, FYM= Farm yard manure, VC= Vermicompost).
Mean values followed by same superscript are not significantly different at P<0.05.
± Standard deviation, (n = 3).
N values are derived from a composite sample.

Plate 11: M . p e lta ta and

T. o r ie n ta lis

Garden soil and mine spoil

A -Garden soil
B - Mine spoil
C - Mine spoil + AM
D - Mine spoil + FYM
E - Mine spoil + FYM + AM
F - Mine spoil + VC
G- Mine spoil + VC + AM

a - Plant growth response in M. peltata

b-

Plant growth response in T. orientalis.

plant growth in

Table 15: Seedling growth in M . p e lta ta in amended mine spoils recorded after one year.
Treatm ents

Stem diam eter
(cm)
2.65d ± 0.23

L eaf num ber
p la n t 1
7.40b± 1.17

L eaf area
(cm2)
84.17° ± 15.91

Plant biomass
(g p la n t1)
15.57d ± 3.58

Root: shoot

GS

Plant height
(cm)
41.31c ± 9.63

MS

14.07d ± 3.51

1.19°± 0.18

6.33° ± 1.00

24.00d± 11.34

0.92° ± 0.37

1 .2 1

MS+AM

13.62d ±2.51

1.28e ± 0.19

5.67c ± 0.82

28.00d± 7.52

1.59° ± 0.26

1.33a ± 0.05

MS+FYM

78.53a ± 8.46

5.30a ± 0.35

9.40a ± 2.76

235.0a± 68.07

64.6a ± 9.62

0.89b ± 0.05

MS+FYM+AM

66.26b ± 4.70

4.48b ± 0.47

10.00a ± 1.58

245.0a± 56.82

46.2b ± 7.77

0.85b ± 0.08

MS+VC

65.80b ± 5.63

4.59b ± 0.37

9.90a ± 1.20

176.0b± 38.04

41.8bc± 5.62

0.70° ± 0.07

MS+VC+AM

56.16c ± 4.56

3.80c± 0.43

1 0 .2 0 a ± 1 . 1 0

211.0a ± 14.03

32.07° ±8.61

0.82b° ± 0.09

0.80b° ± 0.03
a ± 0.08

Legend: (GS= Garden soil, MS= Mine spoil, AM = Arbuscular Mycorrhizae, FYM = Farm yard manure, VC = Vermicompost).
Mean values followed by same superscript are not significantly different at P<0.05.
± Standard deviation (n =10 for Plant height, Stem diameter and leaf area; n=3 for chlorophyll a, n=4 for Plant biomass & Root.shoot ratio).

spoil compared to plants grown in amended spoils. Also, AM inoculation stimulated an
increase in plant root/shoot ratio in all treatm ents. A significant decrease in root/shoot
ratio was recorded w ith increasing levels o f soil P and N (r=-0.789, -0.525 respectively,
P<0.01; n=18), while an increase was observed at higher foliar Fe concentration
(r=0.827,P<0.01;n=18).

ii.

Nutrient Acquisition

Foliar nutrient analysis revealed symptoms o f nutrient deficiency in plants from pure
mine spoil (Table 16). Macro-nutrient analysis revealed that plants growing in FYM
and VC amended spoil recorded a higher N content compared to the control. Highest P
content was recorded in plants grown in m ine spoil amended w ith VC and strongly
correlated to increased levels o f P in soil (r=0.941, P< 0.05; n=18). Foliar K level in
amended spoil was significantly higher than pure mine spoil and correlated to the K
level in the respective growing substrates (r=0.866, p<0.05, n=18). Highest K level was
recorded in AM plants growing in VC am ended spoil. Fe content in leaves was found to
be significantly higher in plants grown in pure mine spoil compared to amended spoil,
however no significant difference was observed in Fe levels among FYM and VC
amended spoil. It w as also observed that foliar Fe content showed a strong negative
correlation to soil pH (r=- 0.938, P<0.01; n=18), soil P (r=- 0.898, P<0.01; n=18) and
most o f the plant grow th parameters recorded i.e. plant height (r=-0.938, P<0.01;
n=18), stem girth (r=-0.930, P<0.01; n=18), LA (r=-0.816, P<0.01; n-18), total
biomass (r=-0.877, P<0.01; n=18) and Chlorophyll a (r=-0.799, P<0.05; n=48). Other
micro-nutrients viz., Cu, Zn and M n were found in varying concentration in all the
treatments. Also, a strong positive correlation was observed between soil pH and plant
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Table 16: Nutrient status of M . p e lta ta plants growing in amended mine spoil.
T reatm ent

C

N

P

K

Fe

Zn

Cu

Mn

GS

(% )
43.26

(% )
1.23

(% )
0.83c ±0.13

(% )
0.33c ± 0.30

(Pg/g)
185.75b± 34.52

(Pg/g)
38.88bc ± 3.40

(M^g/g)
4.04c ± 1.44

(pg/g)
495.92a ± 53.89

MS

44.1

0 .8 6

1.28c ± 0.30

0.29° ±0.03

594.67a ± 50.38

51.93ab ±7.73

6.55bc± 1.38

183.95bc± 66.91

M S+AM

43.9

1.0 1

1.60^ ±0.29

0.30c ± 0.09

497.8 a ± 126.12

52.55a ± 12.10

7.75ab± 1.73

202.95bc± 44.31

M S+FYM

45.4

1.14

1.31° ± 0.14

0.48a ± 0.03

171.86b ± 23.40

37.33c ±0.16

8 .8 6 ab±

1.70

146.1 l bc± 37.56

M S+FYM +AM

44.3

1.13

1.63bc± 0.77

0.49a± 0.08

112.65b± 35.59

40.52abc ± 2.43

9.90a ±0.40

56.05° ±116.76

MS+VC

43.5

1.08

2.48ab ± 0.74

0.37bc ± 0.05

166.56b± 43.49

42.2l abc± 3.39

7.46ab± 1.86

47.13°

MS+VC+AM

44.3

1.16

3.1 l a ±0.66

0.46ab ± 0.04

124.62b± 33.31

42.85abc ± 9.43

6.80bc ± 0.60

248.98b± 28.33

(GS= Garden soil, MS= Mine spoil, AM = Arbuscular Mycorrhizae, FYM = Farm yard manure, VC = Vermicompost).
Mean values followed by same superscript are not significantly different at P<0.05.
± Standard deviation, (n = 3).
C & N values are derived from a composite sample prepared from 3 sub-samples.

±5.52

height, stem girth, total biomass (r=0.980, 0.974, 0.935 resp., P<0.01; n=18) and leaf
area (r=0.830, P< 0.05; n= l 8 ).

iii

Chlorophyll Concentration

Chlorophyll a and b levels were significantly reduced in plants growing in pure mine
spoil compared to amended spoil. With an increase in foliar Fe content, a reduction in
chlorophyll a level was observed (r=- 0.591, P<0.01; n=18) w hile chlorophyll b levels
increased (r=0.551, .P<0.05; n=18). In contrast, increase in soil Fe levels increased le af
chlorophyll a (r=0.501, P<0.05; n=18), w hile it reduced chlorophyll b levels (r=-0.497,

P<0.05; n=18). Soil N was found to be positively correlated to Chlorophyll a (r=0.486,
P<0.05; n=18). Chlorophyll a content was greatly influenced by AM colonization (Fig.
10). Plants growing in garden soil recorded increased levels o f chlorophyll a compared
to pure spoil, while chlorophyll b was lower.

iv. Carbohydrate Accumulation
A significant increase in carbohydrate accum ulation was observed in plants growing in
pure mine spoil compared to amended spoil, the highest being in AM inoculated plants
growing in pure m ine spoil (Fig. 11). N o significant difference in carbohydrate
concentration was recorded between spoil amended w ith FYM and VC. AM
colonization increased carbohydrate concentration in pure mine soil while there was no
significant difference betw een AM and non-A M plants in amended spoil. In pure and
amended mine spoils carbohydrate accumulation showed a significant negative
correlation to plant biom ass (r=0.779, P<0.05, n=18) and a strong positive correlation
with foliar Fe concentration (r=0.772, P<0.05, n=18).
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Figure 10: Chlorophyll a and b concentrations of M . p e lta ta plants grown in pure mine
spoil (MS) and amended spoil. [Mine spoil amended with Farm yard manure
(MS+FYM) and Mine spoil amended with Vermicompost (MS+VC)].

Legend: Bars in blue indicate Chlorophyll a concentration, while bars in red indicate Chlorophyll b

concentration of M. peltata plants in different substrates.
Mean values following the same letter are not significantly different at P<0.05, (n=3).

Figure 11: Carbohydrate concentrations of M .

p e lta ta

plants grown in pure mine spoil

(MS) and amended spoil. [Mine spoil amended with Farm yard manure (MS+FYM) and
Mine spoil amended with Vermicompost (MS+VC)].

Legend: Bars in blue indicate Carbohydrate concentration of M. peltata plants in different substrates.

Mean values following the same letter are not significantly different at P<0.05, (n=3).

v. AM Colonization and Mycorrhizal Dependency
Maximum colonization was recorded in pure m ine spoil as compared to the amended
spoil. Percent root colonization increased significantly at lower pH (r=-0.990, P< 0.01;
n=9) and lower levels o f soil P (r=-0.840, P<0.01; n=9) prevailing in pure mine spoil.
Maximum colonization was recorded in plants growing in pure mine spoil and
inoculated with AM (96.4%) and reduced to alm ost one-third in VC (37%) and FYM
amended spoil (30.4%). A t higher levels o f root colonization increased foliar Fe
concentration (r=0.992, P<0.01; n=9) was observed while, total plant biomass and
shoot/root ratio decreased (r=-0.905, r=-0.848 resp., P<0.01; n=9). MD increased
significantly with increasing AM colonization (r=1.000, P<0.01; n=9). A strong
positive correlation was observed between colonization and mycorrhizal dependency
(r=1.000, P<0.01; n=9). Results indicate that M. peltata plant growth is dependent on
AM colonization in pure mine spoil, w hile in case o f am ended spoil no MD was
recorded (Fig. 12) (Plate 12 - A, B, C, D).

5.3.3: Growth responses and nutrient uptake in T r e m a
i.

o rie n ta lis

Plant Growth

Growth o f T. orientalis was significantly affected both by the substrate used and AM
inoculation. M ycorrhizal inoculation significantly stimulated an increase in all plant
growth parameters and also improved seedling survival in pure spoil. Non AM plants
showed a very high m ortality in pure m ine spoil (60%), while no mortality was
observed upon AM colonization. M axim um plant height, stem diameter, leaf number
and total plant biom ass was recorded in VC amended mine spoil (Table 17).
Mycorrhizal inoculation had no significant effect on plant height, but significantly
increased stem diam eter in both amended (FYM and VC) and pure spoil. Leaf number
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Figure 12: Percent colonisation and Mycorrhizal Dependency (MD) of

M . p e lta ta

plants grown in pure mine spoil (MS) and amended spoil. (Mine spoil amended with
Farm yard manure (MS+FYM) and Mine spoil amended with Vermicompost (MS+VC)).

-60

-40

-20

0

20

40

60

80

100

120

Legend: Bars in red indicate percent root length colonized by R. irregularis, while bars in blue indicate

mycorrhizal dependency of M. peltata plants in different substrates.
Mean values following the same letter are not significantly different at P<0.05 for percent
colonization (n=5).

Plate 12: Root colonization of M . p e lta ta and T.
with AM species R.

o rie n ta lis

ir r e g u la r is

A

I hphal colonization in M . p e l t a t a (after 30 days) o f plant growth.

II

Arbuscular colonization in M . p e l t a t a (after 60 days) o f plant growth
( Arrow indicates arbuscules).

Mature vesicles in A /, p e l t a t a .

I) - Intra-radical spores in A /, p e lta ta .

K - Hvphal colonization in T. o r ie n ta lis (after 30 days) o f plant growth.

F - Arbuscular colonization in T. o r i e n t a l i s (after 60 days) o f plant growth
( Arrow indicates arbuscules).

<»

Mature vesicles in T. o r ie n ta lis .

II

Intra-radical spores in T. o r ie n ta lis .

Plate -12

Table 17: Seedling growth in T. o rien ta lis in garden soil and mine spoil with and without amendments.
Treatments

Plant height
(cm)

Stem diameter
(cm)

GS

62.67c ± 2.52

2.47c± 0.15

6 e±

MS

3.67e ± 0.58

0.53e± 0.06

3C± 1.00

M S+AM

39.83d ±5.53

1.70d ± 0.14

4C± 1.00

M S+FYM

85.83b± 2.02

3.26b± 0.11

26b±

M S+FYM +AM

8 8 .0 0 b± 2 . 0 0

MS+VC
MS+VC+AM

L eaf number
plant'1

Leaf size
(cm2)

Total plant dry
biomass (g plant'1)

Root: Shoot

45.35b± 5.45

5.93c ± 0.90

0.41b ± 0.06

0 .0 2 d ± 0 . 0 0

0.81a ±

23.59d ± 4.78

1.81cd± 1.19

0.32c ± 0.12

1.0 0

54.96ab ±5.61

16.77b ± 0.65

0.42b ± 0.07

3.53a ± 0.06

35a ± 4.00

57.01a ± 3.89

20.40a ± 6.38

0.35c ± 0.06

107.33a ±4.73

3.23b ± 0.12

36a ± 3.00

33.75c ± 8.51

21.57a ± 4.00

0.31c ± 0.08

113.00a ± 13.53

3.60a ±0.17

36a ± 12.00

47.37ab ± 4.70

21.93a ± 3.61

0.48b± 0.11

1.00

0.61e±

0 .11

Legend: (GS= Garden soil, MS= Mine spoil, AM = Arbuscular Mycorrhizae, FYM = Farm yard manure, VC = Vermicompost).
Mean values followed by same superscript are not significantly different at P<0.05.
± Standard deviation (n=3).

0 .0 2

in FYM amendment also significantly increased w ith AM inoculation. Plants growing
in FYM amended spoil w ith AM inoculation exhibited m axim um leaf size, while least
was recorded in pure spoil (Plate 11 —b). Seedlings growing in pure spoil without AM
inoculation recorded least plant height, stem diam eter, leaf num ber and leaf size. Plant
height, stem girth, le af num ber and leaf area show ed a strong positive correlation with
soil pH (r= 0.886, 0.942, 0.892, 0.845 resp. P<0.01; n=18) and EC (r= 0.944, 0.870,
0.920, 0.663 resp. P<0.01; n=18). R oot/shoot ratios o f plants in all treatments were
significantly lower than plants growing in pure mine spoil. A significant negative
correlation was recorded between root/shoot ratio and soil P (r= - 0.629, P<0.01; n=18),
while soil N showed a non-significant negative correlation w ith the same (r= -0.463,
P=0.053; n=18). A M colonization decreased root/shoot ratio in all except VC amended
spoil.

ii.

Nutrient Acquisition

Quantification o f foliar nutrient level carried out for all the treatments revealed the
nutrient levels o f plants growing in pure m ine spoil were significantly low compared to
those growing in am ended spoils (Table 18). Foliar N content w as highest when grown
in FYM amended spoil, w hile highest C levels were recorded in AM colonized plants
growing in pure m ine spoil. Plant P and N w ere found to be significantly lower in pure
mine spoil. Highest P levels were recorded in AM colonized plants in VC amended
spoil while foliar N w as high in FYM am ended spoil. In amended spoil AM inoculation
increased foliar P and K level significantly compared to their respective non AM
controls. Foliar P levels showed significant positive correlation w ith soil pH (r = 0.898,
P<0.01; n=18). Plants grow ing in spoil amended with FYM recorded highest Zn levels
while foliar M n and C u levels were higher in VC amended spoil. Mycorrhizal
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T a b le 18: N u tr ie n t sta tu s o f T. o rien ta lis p la n ts g r o w in g in p u r e a n d a m e n d ed m in e sp o il a n d g a rd en soil.

C

N

P

K

Fe

Zn

Cu

Mn

(% )

(% )

(% )

(% )

(Pg/g)

(Pg/g)

GS

38.48

1.77

0.18° ±0.01

0.52b ± 0.04

171.47ab± 52.89

(Pg/g)
30.65ab ± 5.45

86.67a ± 25.17

(Pg/g)
374.03b ± 6.41

MS

nd

nd

nd

nd

nd

nd

nd

nd

MS+AM

39.07

1.18

0.1 l d ± 0.001

0.51b± 0.01

188.33ab± 9.42

31.17ab± 3.78

163.33cd± 47.26

335.13b± 11.31

MS+FYM

31.85

1.52

0.39b ± 0.02

0.22c ± 0.02

204.033 ± 7.39

33.28a ± 2.27

357.5b± 40.23

220.03c ± 38.42

MS+FYM+AM

37.27

1.33

0.53ab ± 0.15

0.46b ± 0.03

140.7b± 3.67

34.43a ± 8.27

105.83cd± 21.55

150.42d± 18.61

MS+VC

36.80

1.48

0.44b ± 0.06

0.56ab ± 0.11

211.91a ± 51.27

23.85b ± 3.86

717.33a ± 81.40

537.73a ± 52.37

MS+VC+AM

37.22

1.5

0.64a ± 0.05

0.65a ± 0.07

145.03b ± 23.56

28.37ab± 1.20

278.33bc± 67.51

184.0cd± 46.44

Treatments

Legend: (GS= Garden soil, MS= Mine spoil, AM = Arbuscular Mycorrhizae, FYM = Farm yard manure, VC = Vermicompost, nd=not determined).
Mean values followed by same superscript are not significantly different at P<0.05.
± Standard deviation (n = 3).
C & N values are derived from a composite sample o f 3 sub samples.

colonization decreased foliar Fe, Mn and Cu concentration, while Zn levels were
increased in both FYM and VC amended spoil. No Fe toxicity was observed in plants
and variable Fe levels were observed among treatments.

iii.

AM colonization and Mycorrhizal Dependency

Highest percent colonization was recorded in pure mine spoil and was considerably
decreased with FYM amendment. Contrastingly, an increase in colonization levels even
under high soil P level was recorded in V C amended spoil (Plate 12 - E , F, G, H).
Plants in pure spoil showed up to 80% M D which reduced about four times in FYM
amended spoil (Fig. 13). Although plants showed higher colonization levels in VC
amended spoil, MD was reduced considerably.

5.4: DISCUSSION
Iron ore mine tailings are found to be devoid o f organic m atter, plant available N, P and
K. Both FYM and VC amendment m arkedly improved m ine spoil conditions and
growth o f M. peltata and T. orientalis plants. Low pH, low nutrient levels o f pure mine
spoil, and increased Fe uptake were found to be the three m ajor factors affecting plant
growth. The acidic pH o f pure mine spoils m ay be attributed to the presence o f pyritic
minerals (FeS2) that get oxidized to sulphuric acid when exposed to air and water
(Pulford, 1988). Soil pH is usually the m ost important factor that controls the
bioavailability o f heavy m etals and its uptake by plants (W ang et al., 2012). Low pH
often renders the m edium hostile for plant grow th and this study is yet another evidence
for this phenomenon. A ddition o f FY M and organic compost near the roots o f plants
reduces the initial transplantation shock m aking them sturdy and more adaptable to
mine spoil. Pot culture trials are therefore needed for screening and evaluating general
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Figure 13: Percent colonisation and M ycorrhizal Dependency (MD) of T. orientalis
plants grown in pure mine spoil (MS) and amended spoil. [Mine spoil amended with
Farm yard manure (MS+FYM) and mine spoil amended with vermicompost (MS+VC)].

Legend: Bars in red indicate percent root length colonized by R. irregularis, while bars in blue indicate

mycorrhizal dependency o f T. orientalis plants in different substrates.
Mean values following the same letter are not significantly different at P<0.05 for percent
colonization (n=5).

growth and nutritional responses o f plant species on mine spoils (Singh et al., 1995,
1996). Macaranga p e lt at a seedlings w ere able to withstand the conditions and grow
without any mortality but w ith lim ited grow th in pure spoil. Seedlings o f T. orientalis
were more vulnerable causing only 40% plants to survive in pure spoil and addition o f
amendment increased seedling survival to D 90%. A strong positive correlation o f pH
with all plant growth param eters in both A4. peltata and T. orientalis suggests that soil
pH may be directly o r indirectly affecting plan t growth in m ine spoils. A pH range o f 6
to 7 is said to stimulate m icrobial activity and nutrient availability (Braddy, 1988) and
this necessitates the use o f organic am endm ents to make m ine spoil suitable for plant
growth. Low pH is one o f the major lim itations and acidic conditions that m ay lead to
toxicity (Wong et al., 1998). Addition o f FY M or VC converted the acidic spoil to near
neutral and also increased nutrient levels in spoil, making it m ore favourable for plant
growth. Also, humic substances, as a m ajor p art o f compost, can reduce metal solubility
by formation o f stable metal chelates (Janos et al., 2010). Chaoui et al., (2003) also
observed that earthw orm casts and com post amendments significantly increased P and
K uptake in Triticum aestivum L, com pared to either non-am ended control or other
mineral-fertilizer used. M any studies have also shown that organic amendments
transform the soluble/exchangeable form s o f heavy m etals to organic-bound fractions
and consequently decrease bioavailability and phytotoxicity o f metals and uptake by
plants (Wang et al., 2012). Fe is m obile under acid conditions and by raising the pH
with VC and FYM am endm ent its bioavailability may be reduced (Im-Erb et al., 2004).
Also, P has a strong tendency to adsorb m etals (Kabata-Pendias and Pendias, 1984) and
P compounds are generally considered the m ost common amendm ent to precipitate
heavy metals effectively in contam inated soils or water (Park et al., 2011). In M. peltata
plants, a strong negative correlation betw een soil P and foliar Fe confirms that high soil
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P in amended spoil contributes to the reduced availability and uptake o f Fe. Therefore,
although soil analysis reported higher levels o f Fe in amended spoil its uptake was
reduced due to the increase in organic matter and pH. Istvan and Benton (1997)
suggested that D 500 pg/g o f Fe concentration in tissue is toxic to plants. Therefore,
accumulation o f D 500 pg/g Fe in leaf tissue in pure spoils may be the reason for
reduction o f plant growth. Thus, soil pH and soil P content play a vital role in
controlling Fe uptake and accumulation in plants and ultimately plant growth.

Greater plant height, stem girth, le af number and leaf size in amended spoil compared
to pure spoil indicate the stimulation o f shoot growth by amendments (FYM and VC) in
both the plant species. A significantly higher total plant biomass in amended spoil and
corresponding lower root/shoot ratios is a desirable character o f plant growth and
survival upon transplantation. Several reports suggest, larger seedlings w ith greater
nutrient reserves show better growth and survival upon transplantation (Oliet et al.,
2009; Puertolas et al., 2003 and Villar-Salvador et al., 2004). Large seedlings with high
nutrient content when out-planted would probably grow roots more rapidly, improving
water uptake efficiency from deeper soil layers (Villar-Salvador et ah, 2008). Also,
greater foliar mass o f larger stock allows increased photosynthetic capacity, which may
facilitate rapid growth and ability to quickly occupy site resources during establishment
(Grossnickle, 2000). A lower plant root/shoot ratio in amended spoil in M. peltata and

T. orientalis clearly demonstrates the inhibition o f root growth while promotion o f
shoot growth upon amendment. This decrease in root/shoot ratio may have been partly
associated to the release o f fertilizer nutrients in the vicinity, acting to decrease the need
for new root growth to extract soil nutrients (Jacobs et ah, 2004). The present study
confirms that plant root/shoot ratio is significantly influenced by soil P and N levels, as
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increased levels o f soil P and N decreased the root/shoot ratio in both M. peltata and T.

orientalis. M ost species allocate more biomass to roots and form m odified root
structures to maximize Pi acquisition in low fertility soils (Lambers et al., 2006).
Ericsson (1995) also observed favourable root growth o f Betula pendula plants when
soil N and P were the major grow th constraints and also suggested the internal balance
between the labile N and C determines how dry m atter is being partitioned in plants.
Thus in the present study, under low nutrient regimes prevailing in pure m ine spoil, root
growth was enhanced thereby increasing the root/shoot ratio. In M. peltata plants,
higher root/shoot ratio was found at increasing foliar Fe concentrations indicating
higher susceptibility o f shoot grow th to toxicity as compared to root growth. However,
it was observed that T. orientalis plants were more tolerant to Fe, as no significant
correlation betw een foliar Fe and root/shoot ratio was recorded. It is also know n that
under conditions o f high nutrient availability and low water stress, seedlings often
allocate m ore biomass to shoots than to roots, since below-ground resources are
sufficient for growth (Marschner, 1995).

N and P content in plants are the m ost important nutrient factors determining plant
establishment success upon transplantation (Oliet et al., 2009). In FYM amended spoil
rich in N and low in P, plant foliar N was higher w ithout AM colonization, while P
content increased with AM colonization. Contrastingly, in VC amended spoil
containing low N and high P, plant N and P both increased with AM colonization. This
may have occurred because, P is generally far less m obile in soil than N, thus requiring
AM for its transport to plants w hile N is directly taken up. The dominant form of P
absorbed is orthophosphate, w hich reacts strongly w ith calcium in soils o f high pH and
with iron and aluminium at low pH (Smith and Smith, 2012). With increasing soil pH,
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solubility o f Fe and A1 phosphates increases, but solubility of Ca phosphate decreases,
except for pH values above

8

(Hinsinger, 2001), thus explaining the positive correlation

of pH with plant P as observed in this study. The present study suggests that, AM
colonization facilitates greater uptake of P in T. orientalis and M. peltata plants
growing in both amended and as well as unam ended mine spoils. However, since the
experiment was carried in pot conditions one cannot attribute this phenomenon to the
increase in nutrient absorptive area by AM, but instead; the release o f P from insoluble
sources by mycorrhizal association (Lambers et al., 2008) that facilitates its uptake
under these circumstances.

Mycorrhizal dependency (M D ) is the degree to which a plant species is dependent on
mycorrhizal association to produce its maximum growth or yield at a given level o f soil
fertility (Gerdemann, 1975). The degree o f association and dependence differs with
each plant species and A M fungi. A differential response in terms o f M D was observed
in T. orientalis and M. peltata.

In M. peltata a positive m ycorrhizal dependency (MD) in pure mine spoil suggests that
plants benefit from AM fungal inoculation in terms o f increased total biomass, while
upon addition o f am endm ent a negative MD reveals that AM inoculation imparts no
benefit to plant growth. Such negative growth responses under conditions of non
limiting nutrient availability, especially P, after fertilizer application is often noticed
(Thingstrup et al., 1998; Kleikam p and Joergensen, 2006) and may be attributed to the
suppression o f root grow th as observed under these conditions. This may be due to high
amount o f mineral nutrients supplied by the added amendments readily available in the
vicinity o f roots for direct uptake. A 60% reduction in AM colonization was observed
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in amended spoil compared to the pure mine spoil. This reduction may be attributed to
the high P levels in the am endm ents that are know n to lower AM colonization levels
(Smith et al., 2011). Pem er et ah, (2006) also recorded a reduction in AM colonization
with increase in supply o f m ineral nutrients. Thus, in these cases AM does not play a
major role in nutrient uptake. H ow ever, up to 20% o f the assimilated C from the plant is
translocated to the fungal sym biont for the form ation, maintenance and function o f
mycorrhizal structures (W right et ah, 1998) thus, causing a growth reduction in
amended spoil. However, in all the cases AM inoculated plants showed an increased P
uptake, as AM fungi can take up P also from fixed forms such as Fe- and Al-phosphate
(Bolan, 1991). These fungi have a protective role for plants, growing in heavy metal
contaminated sites, as they can bind heavy m etals into their extra-matrical mycelia, thus
preventing heavy metal translocation to shoot tissues (Kaldorf et ah, 1999). In the
present study lower Fe levels in all AM inoculated plants suggest its protective
function. However, effects o f A M fungi on plant Fe acquisition strongly depends on
experimental conditions such as type o f plant and fungus, soil pH (Treeby, 1992; Clark
and Zeto, 1996), P supply and soil tem perature (Raju et ah, 1990). A decrease in Fe
concentration in the presence o f AM inoculation was also reported in Soybean
(Pacovsky and Fuller, 1988). A study o f m ycorrhizal association o f rainforest species in
South Cameroon revealed that T. orientalis had more than 75% o f roots colonized with
AM (Onguene and Kuyper, 2001). In the present study, 100% survival in pure mine
spoil w ith AM reflects on highest percent colonization and MD, thus indicating it to be
a highly mycorrhizal plant. G reater dependence on AM fungi is characteristic of AM
plants grown at lower soil P concentrations and low tissue P concentration (Smith and
Read, 1997). M ycorrhizal benefits to the plant are also usually reduced under conditions
of sufficient soil fertility (A llison and Goldberg, 2002). However, despite o f the
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reduction in percent colonization w ith FYM, plants showed a considerable positive
mycorrhizal dependency. The present study also indicates a differential response o f
percent colonization and M D to the N :P ratio o f substrate. In spoil amended with VC,
higher percent colonization w as observed w ith a considerable reduction in MD, in spite
of increased levels o f P in soil. It is likely that the nutrient content o f vermicompost
stimulated fungal developm ent directly or indirectly through its promotion of host root
growth. This differential response could be due the difference in N/P ratios. FYM is
rich in N with comparatively low P, while VC w as low on N and rich in P. Bolan et al.,
(1984) also observed that P

stimulated mycorrhizal colonization o f Trifolium

subterraneum. Thus, the decrease in MD and the lower shoot/root ratio confirms that
addition o f VC stimulates root grow th and percent colonization at the expense of shoot
growth. However, AM plants grow ing in VC am ended spoil showed a positive MD and
exhibited best growth am ong all treatments.

Chlorophyll analysis o f M. peltata suggests that m ine spoil is highly deficient in N and
this may be the limiting factor for reduction in chlorophyll a levels. Photosynthetic
capacity o f a leaf can be increased by increased allocation of N to the photosynthetic
apparatus (Field and M ooney, 1986; Evans, 1989). Chlorophyll a, is concentrated
around PS II, and directly involved in determ ining photosynthetic activity o f a plant
(Sestak, 1996). Thus low chlorophyll a levels in pure mine spoils imply a lower
photosynthetic activity in these plants. However, AM inoculation stimulated an increase
in chlorophyll a content under nutrient limiting conditions. Such increase in chlorophyll
content is in concurrence w ith earlier findings (Gemma et al., 1997; Morte et al., 2000;
Mathur and Vyas, 1995; Shrestha et al., 1995; Wright et al., 1998) and may be in
response to the increasing dem and for carbohydrates by the fungus. An increase in
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carbohydrate content in pure m ine spoil may be because the photosynthetic rate exceeds
the sink capacity to utilize the photosynthate for growth (Makino and Mae, 1999). A
negative correlation with plant biom ass and positive correlation with foliar Fe suggests
that accumulation o f Fe in plant leaves leads to a reduction in plant growth which in
turn results in increased levels o f carbohydrates in the leaves. Thus a feedback
inhibition o f photosynthesis via grow th reduction and assimilate accumulation might be
a common response to m oderate stress (Alaoui-Sosse et al., 2004).

Amending mine spoil w ith FY M and VC greatly increased plant growth. Soil nutrient
condition and pH are im portant factors to be considered while restoring mine spoils. In
the present study, mine spoil being deficient in nutrients and acidic did not support
growth and survival o f M. peltata and T. orientalis. However, colonization with R.

irregularis significantly increased plant growth and survival. For enhancing growth o f
M. peltata in mine spoil use o f FY M is superior to VC as it resulted in greater plant
biomass production. W hile for T. orientalis, VC along with AM colonization proved to
be the m ost effective in enhancing plant and nutrient acquisition. Also, M. peltata and

T. orientalis plants responded differently to R. irregularis. Macaranga peltata was
dependant on AM only in pure m ine spoil w hile in presence o f amendment it was not
beneficial. Trema orientalis plants were m ore dependent on AM in both pure and
amended m ine spoils. Percent colonization and'M D is dependent on the N/P ratio o f the
substrate and thus a differential response w ith substrate was noticed. However, more
work needs to be done using other plant species and substrates to confirm this
condition. AM colonization facilitates greater uptake o f P from soil in T. orientalis and

M. peltata plants growing in both amended and as well as unamended mine spoils while
its role in uptake o f N w as not significant.
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SUMMARY

Post mining, vast stretches o f land are left barren covered with spoil, having
implications on environment, hum an health and aesthetic beauty in and around the area.
Quick establishment o f a vegetation cover is the m ost efficient solution to overcome
this. Forest reclamation on m ine sites has often been overlooked due to various
difficulties at the site. The selection o f appropriate plant species is most crucial for
restoration o f degraded sites. M ost restoration efforts use grass species or fast growing
exotics for quick establishment o f a green cover. However, such an approach poses a
great threat to the ecosystem as these exotic plant species have the potential to alter the
natural ecosystem balance o f that area, as well as the neighbouring areas upon invasion.

Therefore, it is important to recognize species w ith reclamation potential namely metal
tolerant and having the ability to establish quickly under nutrient deficient and high
light conditions, along w ith other multipurpose benefits. Upon selection of plant
species, often, low availability o f seedlings at outplanting and initial establishment
leads to the failure o f desired outcome. Hence, in this investigation we have used two
plant species viz., T. orientalls and M. peltata having the desired characteristics and
potential for mine wasteland reclamation. The present study was formulated to study
the seed germination biology and techniques for overcoming seed dormancy. Also, in

vitro regeneration and m icropropagation via direct and indirect organogenesis has been
attempted. The physico-chem ical characteristics o f spoil in relation to plant growth
have been investigated and suitable amendment o f iron ore mine spoil for hastening
initial plant establishment has been recommended. The main findings o f the present
work are summarized below:

94

The study confirms a non-deep physiological dorm ancy existing in T. orientalis seeds.
Among various treatments, prior soaking for 2h followed by de-pulping and exposure to
cone. H 2 SO 4 for 15 minutes proved to be most effective and is highly recommended for
increasing germination and producing healthy plantlets in T. orientalis. Seeds of M.

peltata exhibit physical dorm ancy and successfully germinate after complete removal o f
the seed coat in an appreciably lim ited period. Hence, overcoming seed dormancy in T.

orientalis and M. peltata using pre-sowing treatm ents would be very effective in
generating large number o f propagules for revegetation.

Efficient and reproducible protocols have been developed for direct and indirect
organogenesis in both the plant species undertaken for the study. There has been much
interest in the development o f w oody plants tolerant to biotic and abiotic stresses and
tissue culture may prove a valuable means o f achieving this goal. Plantlets o f T.

orientalis were regenerated

from

nodal

explants cultured in Kin and NAA

supplemented MS media, w hile le af calli regeneration was obtained on BA and NAA
supplemented MS media.

Macaranga peltata cultures were established on WPM.

Regeneration from nodal explants was obtained on BA and IAA supplemented medium,
while calli regenerated on W PM supplemented w ith BA alone. Being the first report on

in vitro culture o f M. peltata and direct organogenesis in T. orientalis this study has
various implications in tree im provem ent and has potential application in revegetation
programmes providing alternate means o f propagation all year round. It also provides
an insight for large scale production and screening o f callus cultures for already known
potential bioactive com pounds from T. orientalis and M. peltata.
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Soil nutrient levels and pH are important factors to be considered while restoring mine
spoils. The study indicates that m ine spoil being deficient in nutrients and acidic, poorly
supported the growth o f M. peltata and T. orientalis. Survival o f T. orientalis was
greatly affected in pure m ine spoil. However, colonization with R. irregularis
significantly increased plant grow th and survival in both plant species, and may be
considered as a prerequisite for revegetation in nutrient deficient spoils. Amending
mine spoil with FYM and VC greatly increased plant growth by increasing the available
nutrients in pure mine spoil. From various treatments used, amendment with VC along
with AM colonization proved to be most effective in enhancing plant growth and
nutrient acquisition o f T. orientalis in spoil. Thus, for greater transplantation success o f

T. orientalis on mine sites, the use o f VC along w ith R. irregularis inoculum is highly
recommended. For better grow th o f M. peltata the use o f FYM is superior to VC, as
FYM is a rich source o f N th at is required for greater biomass production. Therefore, it
was concluded that organic amendm ent o f m ine spoil is essential for hastening and
improving plant growth.

The present work w ould be o f great relevance to the mine environmentalists and
provokes the use o f these tw o native plant species for restoration. The barriers like
synchronization o f seed germ ination, standardization o f micropropogation protocols,
preliminary growth responses in mine spoil and screening efficient amendments for
enhancing plant growth have been successfully attempted.
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SYNOPSIS

Research Goal and Significance:
Plants form an integral part o f a m ine w asteland restoration process and effective
vegetation cover accelerates stabilization and ecosystem restoration. Natural forest
succession in w astelands how ever takes a considerable tim e for nutrient accumulation
to support plant grow th and enhance soil microbial activity. Initial revegetation is a
crucial process and the selection o f species for planting is a critical factor, as plants are
affected by conditions such as lim ited w ater and nutrient availability that prevail at the
site (Tilman, 1988). Tropical pioneer species are important in long-term stability o f
forest following disturbance in that they help to stabilize the soil and prevent soil
erosion and excessive w ater ru n -o ff (B urgess, 1971). They may also act as good
candidates for establishm ent o f later succession species under their canopies as well as
accelerate ecosystem services in restoration efforts. Trema orientalis (L.)Blume and

Macaranga peltata (R oxb.) M ull. A rg. have been described as suitable pioneers for
tropical forest reforestation (Goodale et al., 2009).

Trema orientalis is a pioneer pan-tropical tree species w idely distributed throughout the
world, covering all tropical regions o f A sia, A frica and A ustralia (Yesson et al., 2004).
It belongs to the fam ily Canabaceae and is commonly called the “Indian charcoal tree”.
Due to its dense root system in surface soils, it grows rapidly in stone and drought
lands, and prevents soils from collapsing (Chang et al., 2007). It is also reported to be a
metal tolerant plant species (Sam antaray et al., 1999) and one o f the first to establish on
disturbed soils and therefore m ay be considered a key species in ecological restoration
of mine wastelands in tropical countries. Besides applications in forest restoration, it is
observed as a m ultipurpose tree having applications ranging from ecosystem
functioning, fuel-w ood and pulp in paper industry, to medicine. Recent research has
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recognised T. orientalis as a potential ethnomedicinal plant and a potential source of
phytomedicine (A dinortey et al., 2013).

Macaranga peltata is a tropical tree com m only found in Indian forests belonging to the
family Euphorbiaceae. It is one o f the pioneer species for stand initiation and attains
canopy o f a m ixture early in stand developm ent (Ashton et al., 2001). It is a light
demanding tree restricted to large canopy openings and is recorded as a disturbance
tolerant species (C handrashekara and Ramakrishnan, 1993; Goodale et al., 2012), and
hence is suitable for revegetation o f large forest gaps.
The current study focuses on strategies to encourage the use o f these Indian native
pioneer species in restoration program m es by enhancing seed germination, developing
protocols for in vitro regeneration o f plantlets and screening the best suited amendment
for mine spoils to hasten plant establishm ent and phytostabilisation. The thesis is
comprised o f six chapters that are listed below.

Chapter 1: Introduction
This chapter introduces the research goal and highlights the need for using native fast
growing plant species over exotics for sustainable ecosystem restorationin mine
wastelands. The

status o f m ining industry in Goa is mentioned and general

characteristics o f m ine spoils are briefly described. The potential o f T. orientalis and M.

peltata as m ost suitable species in tropical wasteland reclamation is explained and their
characteristics w hich m ake them m ost suitable candidates for revegetation are listed.
The need for im proving seed germ ination and standardization o f micro-propagation
methods for these tw o forest species is emphasized. Also, the beneficial aspects of
incorporating organic am endm ents and AM in nutrient deficient spoils is explained.
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Chapter 2: Review of Literature
The chapter com prises o f an update o f research work pertaining to the research
objectives. Previous w ork, on the ecological, pharmacological and tissue culture aspects
of T. orientalis and M. peltata is review ed. It also includes reference to previous studies
on causes o f seed dorm ancy and strategies to overcome them. Studies on the role o f AM
fungi and other organic am endm ents in restoration process have also been reviewed.

Chapter 3: Study o f seed dorm ancy and germination dynamics in Trema orientalis
(B lum e) L. and Macaranga peltata (Roxb.) M ull. Arg.
Rationale
Indigenous tree species are often slow er growing than exotics and are more difficult to
raise in nurseries (M uthukum ar et al., 2001). The difficulty in obtaining fast
germination and synchrony reduces the efficacy o f T. orientalis and M. peltata as
restoration species. In nature, both soil seed banks and bird dispersal contribute to the
establishment o f T. orientalis (Cao et al., 2000). Also, the tropical forests o f Western
Ghats in India have high germ inable seed banks o f M. peltata outside the monsoon
period (October to December), how ever, staggered germination over a period o f five
months has been recorded (C handrashekara and Ramakrishnan, 1993).It is hypothesised
that seeds o f T. orientalis and M. peltata possess a hard testa which may be the main
hindrance for seed germination. H ence weakening the seed coat would enhance
germination.

Scientific question addressed
What kind o f dorm ancy persists in seeds o f T. orientalis and M. peltata and what is the
most effective treatm ent to enhance and synchronise germination?
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Methodology
A total o f 19 pre-sow ing seed treatm ents were used for T. orientalis. Treatments
included concentrated sulphuric acid (cone. H 2 SO 4) and Hydrochloric acid (HC1) at
varying time durations and G ibberellic acid (GA) and Potassium nitrate (KNO 3 ) at
varying concentrations. M. peltata seeds were treated w ith a total of 21 pre-sowing
treatments. Treatm ents included cone. H 2 SO 4 at varying time durations, GA at varying
concentrations, com binations o f cone. H 2 SO 4 and GA at varying duration and
concentration respectively and m echanical scarification o f the seed coat. Seed
imbibition tim e, seedling vigour index (Abdul-Baki and Anderson, 1973) and seed
viability (M oore, 1985) over tim e w as determined. Effect o f treatments on seed coat
was studied using Scanning E lectron M icroscope (SEM) imaging.
Percent germ ination data o f treatm ents used was not normally distributed; therefore,
binary logistic regression was perform ed to analyze the variables determining seed
germination probability.

Key findings
Study confirms a non-deep physiological dormancy exists in T. orientalis seeds.
Treatment w ith cone. H2SO4 for 15 m inutes proved to be the most effective and is
highly recom m ended for increasing germination and producing healthy plantlets in T.

orientalis. SEM im aging o f T. orientalis revealed deposits on seed coat forming a
tightly packed, m ultilayered, reticulate ornamentation covering the entire seed coat
surface, which m ay act as a barrier for w ater imbibition, thus hampering germination.
Seeds o f M. peltata exhibit a physical dormancy. Successful germination can be
achieved by m echanically breaking open the seed coat without damaging the embryo.

M. peltata seed coat was found to be rough and ridged and a honeycomb network of
deposits were observed on the surface, with cells tightly packed and anticlinal walls
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slightly raised. Seed viability in both T. orientalis and M. peltata decreased with
increasing storage period.

Chapter4: To develop and standardize efficient protocol for in vitro regeneration,
multiplication and acclimatization for T. orientalis and M. peltata.
Rationale
Micropropagation o f tree species offers a rapid means to produce clonal planting stock
for re-forestation program m es and conservation o f elite and rare germplasm (Fenning
and Gershenzon, 2002). There is urgent need to develop viable protocols for mass
proliferation and m ultiplication o f plant species that have potential for tropical forest
restoration. N on-synchronous seed germ ination and loss o f seed viability with time are
the major im pedim ents that stress the need for developing in vitro protocols for plantlet
development in M. peltata and T. orientalis. Plant cell/organ cultures are not limited by
environmental, ecological and clim atic conditions, and cells/organs can thus proliferate
at higher growth rates than whole plant in cultivation (Naik et al., 2011). Moreover, to
our knowledge no previous report o f in vitro propagation within the genus Macaranga
is available, and this w ould be the first report o f M. peltata documented. Neither has
any study been reported to date on direct organogenesis o f T. orientalis.

Scientific question addressed
To standardize an efficient protocol for high frequency regeneration of shoots using
mature nodal and shoot explants viz., direct and indirect organogenesis.
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Methodology

MS medium (M urashige and Skoog, 1962) w as used for T. orientelis culture, while M.

peltata explants responded well to W oody Plant Medium (W PM ) (Lloyd and McCown,
1981).
Nodal segments o f T. orientalis were cultured on MS medium supplemented with
cytokinins (Thidiazuron (TDZ), K inetin (Kin) and 6-Benzylaminopurine (BA)) at
different concentrations (2.0, 2.5, 3.0, 3.5, 4.0, 4.5 mg f 1) in combination with 0.2 mg 1‘
'a-naphthalene acetic acid (NAA).
Nodal segments o f M. peltata were cultured on WPM m edium supplemented with
cytokinins (Kin and BA) at different concentrations (2, 4, 6, 8 and 10 mg l'1) in
combination w ith 0.2 m g f 1 NAA, A denine Sulphate (AS), Ascorbic acid (AA) and
Activated Charcoal (AC).
For callus induction, leaf explants o f T. orientalis were cultured on MS medium
supplemented w ith N A A , Indole-3-butyric acid (IB A) and 2, 4-Dichlorophenoxyacetic
acid (2,4- D) (0.4, 0 .8 ,1 .2 ,1 .6 , 2.0 m g l"1) and BA (0.1, 0.2, 0.3, 0.4 and 0.5 resp.).This
was followed by transfer to regeneration m edia comprising o f MS media supplemented
with BA (2, 2.2, 2.4, 2.6, 2.8, 3 m g f 1) in combination with 0.2 mg f 1 NAA, AS and
Coconut water (CW ). Shoots were subsequently transferred to elongation MS medium.
Leaf explants o f M. peltata were cultured on WPM medium supplemented with NAA,
IBA and 2, 4- D (0.4, 0.8, 1.2, 1.6, 2.0 m g L1) and BA (0.1, 0.2, 0.3, 0.4 and 0.5 resp.)
for callus induction. Induced calli w ere then cultured on WPM media supplemented
with BA at different concentration (0.4, 0.8, 1.2, 1.6, 2, 2.4 mg l 1) alone and in
combination w ith 0.2m g l"1 2,4-D.
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Excised micro shoots o f T. orientalis w ere transferred to half strength MS basal
medium supplem ented w ith different concentration o f IBA and NAA (0.5, 1.0 & 1.5mg
1 ). Shoots were transferred to m ine spoil containing vermicompost for acclimatization.
Excised micro shoots o f M. peltata w ere transferred to half strength WPM basal
medium supplem ented w ith varying concentrations o f IBA, NAA and IAA (0.5, 1.0 and
1.5mg 1 l) and AC. Plantlets were then transferred to vermiculite and later to mine spoil
and a farm yard m anure (FYM ) m ixture for acclimatization.

Key findings
The highest num bers o f T. orientalis shoots from nodal explants were observed when
on MS m edium fortified with 3.5m g l '1 K in and 0.2mg l’1 NAA. O f the different
concentrations o f auxins used, N A A and IBA at 0.8mg f 1 and 1.2mg f 1 along with BA
0.2mg T1 and 0.3m g l '1 respectively w ere found to be suitable for callus induction in T.

orientalis. Shoot regeneration was observed on media containing 2.6, 2.8 and 3.0 mg l'1
BA and 0.2 m g l '1 N A A respectively, supplemented with AS and CW.
A combination of8m g l '1 BA w ith 0.2m g l '1 IAA was found to be most effective in both
shoot induction and elongation from nodal explants o f M. peltata. WPM media
supplemented w ith 1.6mg T1 2, 4- D and 0.4 mg l'1 BA induced callogenesis from leaf
explants. Shoot prim ordia were form ed on media supplemented with 1.6 mg l '1BA that
failed to grow into complete shoots.IBA at 0.5mg l'1 concentration was the most
efficient in inducing root form ation in M. peltata shoots.
Plantlets o f T. orientalis and M. peltata were successfully established on mine spoil.

142

Chapter5. To study comparative growth and nutrient uptake in plants grown
separately in mine reject and garden soil.
Rationale
In mine w astelands, nutrient lim itation is a major stress factor involved in the
suppression o f plant grow th and this triggers various physiological and developmental
changes in plants for survival. M ine spoil amendment with bio-fertilizers such as FYM,
vermi-compost (V C) and arbuscular m ycorrhiza (AM) may help to neutralize soil
acidity, overcome nutrient deficiency and enhance the soil microbial activity, thereby
hastening plant establishm ent. A M fungi have been previously reported to attenuate
heavy metal stress and improve plant grow th in mine spoils (Kapoor and Bhatnagar,
2007; Giri et al., 2004) however, being specific in action depending on the host plant.
Also, before using am endm ents in spoil, knowledge o f short-term effects on soil and
plant growth becom es essential w hile considering development o f soil-conservation
strategies (Saviozzi et al., 2002) and forest restoration. Understanding the spoil
properties is also essential in relation to growth o f T. orientalis and M. peltata to see
how best to m inim ize the phyto-stabilization time and use the species more effectively
in ecological restoration.

Scientific question addressed
What are the factors limiting plant establishment and growth on mine spoils and what
would be the m ost suitable am endm ent for enhancement o f growth? What is the role of
AM in enhancing grow th in m ine spoils?

Methodology
A pot experim ent w as carried out to evaluate the effectiveness o f organic amendments
(FYM and V C ) and AM fungi for improving growth conditions in mine spoil and to
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study the potential o f garden soil (GS) over m ine spoil (MS) in promoting growth o f T.

orientalis and M. p elt at a.
The amendments included: M ine spoil + A M (Rhizophagus irregularis), Mine spoil +
Vermi-compost, M ine spoil + V erm i-com post + AM (R. irregularis), Mine spoil +
Farmyard M anure (FY M ), M ine spoil + FYM + AM (R. irregularis).Pure mine spoil
and garden soil w ere used as controls.
Physico-chemical properties o f m ine spoil were analysed- pH, EC, OC (Walkley and
Black, 1934), N , P (Bray and K urtz,

1945), K (Hanway and Heidal, 1952),

micronutrients - Fe, Zn, M n, Cu (Lindsay and Norwell, 1978).
Plant growth (i.e. height, stem girth, le af number, leaf area and plant biomass) was
recorded. Plant foliar nutrients viz., N , P (Chapman and Pratt, 1982), K, Fe, Zn, Mn, Cu
were analysed.
Root samples w ere stained (Phillips and Hayman, 1970), and mycorrhizal colonisation
was estimated (G iovannetti and M osse, 1980). Mycorrhizal dependency (MD) was
calculated according to Plenchette et al., (1983).

Key findings
Iron ore m ine tailings are devoid o f organic matter, plant available N, P and K. Soil
nutrient condition and pH are im portant factors to be considered while restoring mine
spoils. In the present study, m ine spoil w as found to be acidic and deficient in nutrients
and did not support the grow th and survival o f M. peltata and T. orientalis. Addition of
amendments along w ith R. irregularis colonization significantly increased plant growth
and survival. FY M w as observed to be superior to VC in enhancing growth o f M.

peltata in m ine spoil as it resulted in greater plant biomass production, while in T.
orientalis, V C along w ith AM inoculation proved to be most effective in enhancing
plant growth and nutrient acquisition. M peltata plants were dependant on AM only in
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pure mine spoil and added am endm ents w ere not beneficial, while T. orientalis plants
were more dependent on A M in both pure and amended mine spoils. AM colonization
facilitated greater uptake o f P from soil in T. orientalis and M. peltata plants growing in
both amended and unam ended m ine spoils w hile uptake o f N was not significant.

Chapter 6: Summary
In the current investigation T. orientalis and M. peltata plant species were selected as
they have the desired characteristics and potential for m ine wasteland reclamation. The
study was form ulated to investigate seed germination biology and techniques to
overcoming seed dorm ancy. A lso, in vitro regeneration and micropropagation via direct
and indirect organogenesis has been attem pted. The physico-chemical characteristics of
spoil in relation to plant grow th have been investigated and a suitable amendment for
iron ore mine spoil for hastening initial plant establishment has been formulated. Plant
growth in response to organic am endm ent and AM in spoil has been evaluated.
The main findings o f the entire w ork are summarized as follows:
Overcoming dorm ancy by using pre-sow ing treatments would be very effective in
generating large num bers o f propagules for revegetation. The study suggests that a non
deep physiological dorm ancy persists in the seeds o f T. orientalis that can be overcome
by cone. H2S 0 4 treatm ent. Seed germ ination in M. peltata can be enhanced by
mechanical scarification o f the seed coat as it was found to be the main factor affecting
germination, thus confirm ing a physical dormancy.
Shoot induction from T. orientalis nodal explants was obtained by culturing on MS
media supplem ented w ith 3.5m g l '1 K in and 0.2mg T1 NAA. Regeneration from leaf
explants was obtained via callus induced on MS media supplemented with 1.2 mg l'1
IBA and 0.3 m g l '1 BA follow ed by transfer to 2.8 mg f 1 BA and 0.22 mg T1 NAA. A
combination o f 8m g l '1 BA and 0.2m g f 1 IAA was found to be the most effective for
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shoot regeneration o f M. peltata from nodal explants. Callus was induced from leaf
explants on W PM supplem ented w ith 1.6mg f 1 2, 4- D and 0.4 mg l'1 BA followed by
shoot regeneration upon transfer to 1.2mg f 1 BA. Regenerated micro-shoots were
rooted and plantlets w ere successfully acclim atized to mine spoil with appropriate
amendment.
Amending mine spoil w ith FYM and V C greatly increased plant growth. Soil nutrient
conditions and pH are im portant factors to be considered while restoring mine spoil. For
enhancing growth o f M. peltata in m ine spoil the use o f FYM was found to be superior
to VC where it resulted in greater plant biom ass production. For T. orientalis, VC along
with AM colonization proved to be the m ost effective in enhancing plant and nutrient
acquisition. M. peltata and T. orientalis responded differently to AM colonisation in
both pure and am ended m ine spoils.A M colonization facilitates greater uptake o f P
from soil in T. orientalis and M. peltata plants growing in both amended and
unamended m ine spoils.

Research work published/ accepted:
•

C. R. Rodrigues and B. F. R odrigues (2013) Enhancement o f seed germination in

Trema orientalis (L.) Blum e - potential plant species in revegetation o f mine
wastelands. Journal o f Sustainable Forestry, 32:1—13, doi: 10.1080/10549811.2013.
807745.
•

C. R. R odrigues and B. F. R odrigues (2013) Enhancement o f seed germination in

Macaranga peltata (Roxb.) M ull. Arg. for use in tropical forest restoration. Journal
o f Forestry R esearch. (A ccepted for publication).
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APPENDIX- 1

1. PREPERATIO N OF M S M EDIA
A. C om position o f M S M edia (M urashige and Skoog, 1962)
Nutrients

Macronutrient

C onstituents
A m m onium nitrate (NH 4N O 3 )

Amount required
(mg L'1)
1650

Potassium nitrate (K N 0 3)

1900

C alcium chloride (CaCl2.2 H 2 0 )

440

Potassium dihydrogen phosphate

170

(K H 2 P 0 4)

M icronutrient

Potassium

M agnesium sulphate (M gS 04. 7H 2 0 )

370

B oric acid (H3BO3)

6 .2

Sodium m olybdate (Na 2 M o 0 4 .2H 2 0 )

0.25

C opper sulphate (C u S 0 4 .5H 2 0 )

0.25

Zinc sulphate (Z nS 0 4 .7H 2 0 )

8 .6

M anganese sulphate (M n S 0 4 .4H 2 0 )

22.3

P otassium iodide (KI)

0.83

Sodium ED TA (Na 2 EDTA)

37.25

Ferrous sulphate (F eS 0 4 .7H 2 0 )

27.85

Thiam ine HC1

0.1

N icotinic acid

0.5

Pyridoxine HC1

0.5

Glycine

2 .0

Meso-inositol

10 0

source
Iron source

Organic
Supplements
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B. Stock solutions of MS Media

Stock
solution

A

B

C

D
E
F

G

C onstituents

A m m onium nitrate (N H 4N O 3 )

Am ount
required
( g L 1)
33

Potassium nitrate

38

Calcium chloride

8 .8

Potassium dihydrogen phosphate

3.4

M agnesium sulphate

7.4

Boric acid

6 .2

Sodium m olybdate

0.25

Cobalt chloride

0.025

Copper sulphate

0.025

Zinc sulphate

8 .6

M anganese sulphate

22.3

Thiam ine HC1

0.1

N icotinic acid

0.5

Pyridoxine HC1

0.5

Glycine

Strength
of Stock

Stock to be
taken for
1L

20X
50ml

100X

1 ml

1000X

1 ml

2 .0

1000X

1 ml

M eso inositol

50

500X

2 ml

Sodium ED T A

7.45

200X

5ml

Ferrous sulphate

5.57

Potassium iodide

0.83

1000X

1 ml

All prepared stock solutions w ere stored in refrigerator at 4°C. Iron stock solution was
stored in am ber coloured bottle.
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2

. P R E P E R A T IO N O F W P M M E D IA
A. C om position o f W P M ed ia (L loyd an d M cC ow n, 1981)

N utrients

M acronutrient

C o n stitu en ts
A m m onium nitrate (NH 4N O 3 )

A m ount required
(m g L 1)
400

C alcium nitrate (CaNCA)

386

Calcium chloride (CaCh.2 H 2 0 )

72.5

Potassium dihydrogen phosphate

170

(K H 2 PO 4)

M icronutrient

Potassium

M agnesium sulphate (MgS 0 4 . 7 H 2 O)

180.7

B oric acid (H 3 BO 3 )

6 .2

Sodium m olybdate (Na 2 M o 0 4 .2 H 2 0 )

0.25

Copper sulphate (CUSO4 .5 H 2 O)

0.25

Zinc sulphate (ZnS 0 4 .7 H 2 0 )

8 .6

M anganese sulphate (MnSCLAFEO)

22.3

Potassium sulphate (K 2 SO 4 )

990

Sodium ED TA (Na2 EDTA)

37.30

Ferrous sulphate (FeS 0 4 .7 H 2 0 )

27.85

Thiam ine HC1

1.0

N icotinic acid

0.5

Pyridoxine HC1

0.5

Glycine

2 .0

M eso inositol

10 0

source
Iron source

Organic
Supplements
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B. Stock solutions of WP Media

Stock
solution

A

C o n stitu en ts

A m m onium nitrate (N H 4N O 3 )

A m ount
re q u ire d
(g L 1)
40

Calcium nitrate

55.6

Calcium chloride

9.6

Potassium dihydrogen phosphate

17.0

M agnesium sulphate

37.0

Boric acid

0.62

Sodium m olybdate

0.025

Copper sulphate

0.025

Zinc sulphate

0 .8 6

M anganese sulphate

2.23

Thiamine HC1

0 .10

Nicotinic acid

0.05

Pyridoxine HC1

0.05

Glycine

10X

Stock to be
tak en for
1L

10 0

ml

100X

10

ml

100X

10

ml

0 .2 0

100X

10

ml

Meso inositol

10

100X

10

ml

Sodium E D TA

3.74

100X

10

ml

Ferrous sulphate

2.78

Potassium sulphate

49.5

50X

2 0 ml

B

C

D
E
F

G

Strength
of Stock

All stock solutions were stored in refrigerator at 4°C. Iron stock solution was stored in
amber coloured bottle.
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3. Plant grow th Regulators (P G R ’s) used for in vitro regeneration and m as,
m ultiplication
Plant G row th R egulators

M olecular
W eight

Solubiltiy

Stock
(mg/lOOml)

Kinetin (K in)

215.25

INNaOH

100

6-Benzylam inopurine (BA)

225.25

INNaOH

100

Thidiazuron (TDZ)

220.2

INN aO ll

100

a-Naphthalene acetic acid (N A A )

186.2

INNaOH

100

Indole-3-butyric acid (IBA)

203.24

IN NaOH

100

2 , 4-D ichlorophenoxyacetic acid ( 2 , 4-D)

221.04

IN NaOH

100

Indole A cetic A cid

175.19

INNaOH

100

All PGR stock solutions were stored at 0°C.
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Environment, doi: 10.1080/17480930.2014.932938.

3. C. R. Rodrigues and B. F. Rodrigues (2014) Enhancement of seed germination
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Enhancement o f Seed Germination in Trema
orientalis (L.) Blume— Potential Plant Species
in Revegetation o f Mine Wastelands
CASSIE R. RODRIGUES a n d BERNARD F. RODRIGUES
Department o f Botany, Goa University, Goa, India

N atu ral fo r e s t succession ta k e s a lon g tim e to a cc u m u la te sufficient
nu trien ts to su pport p la n t g r o w th a n d en h an ce so il m icrobial activ
ity. H u m a n in terven tion in selectin g native p io n e e r p la n t species
is therefore re q u ire d to a c c e le ra te su stain able restoration. Trema
orientalis (L.) Blum e, a f a s t g ro w in g p io n e e r p la n t species, has
the a b ility to g r o w in n u tr ie n t deficien t soils a n d pro ves to have
recla m a tio n p o te n tia l in m in e w astelands. However, its use has
been lim ite d d u e to lo w g e r m in a tio n p ercen tages a n d nonsynch ron ous se e d g e rm in a tio n . In the p re se n t stu d y w e tested the effect
o f su lp h u ric a c id (H 2 S 0 4), h ydroch loric a c id (HCl), gibberellic
a c id (GA f i, a n d p o ta ssiu m n itr a te (K N O fi in varyin g concentra
tions a n d tim e d u ra tio n s o n g e rm in a tio n p ercen tages a n d seed
g e rm in a tio n syn ch ron y. We f o u n d th a t a ll treatm en ts h ad a sig
n ifica n t effect in p r e d ic tin g se e d g erm in a tio n probabilities. Logistic
regression a n a lysis revea led th a t treatm en t solution a n d concen
tration h a d a sig n ifica n t effect on seed g erm in ation . Treatment
with c o n c e n tra te d H 2 SO 4 f o r 1 5 m in in creased germ ination up
to 9 2 % w ith in 2 0 d a y s w ith the least im bibition tim e ( 8 days)
a n d h igh est Seedling Vigor I n d e x (491). The scan n in g electron
m icroscope im ages o f seed s tre a te d with H 2 SO 4 showed com 
p le te dissolu tion o f the h o n eycom b-like netw ork o f deposits on the
seed c o a t su rfa c e rem o vin g th e p h y sic a l barrier a n d enhancing
g e rm in a tio n .
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INTRODUCTION
Reclamation of wastelands requires a supply of large numbers of plantlets
at a time. In degraded sites, pioneers are important for rehabilitation as they
have the ability to ameliorate the above- and below-ground environment and
encourage biodiversity recovery (International Tropical Timber Organization
[ITTO], 2002; Elliott et al., 2003; Lamb, Erskine, & Parrotta, 2005). Trema
orientalis (L.) Blume is a pioneer tree species native to Africa, Asia, Australia,
and the Pacific islands. It belongs to the family Celtidaceae (Yesson, Russell,
Parrish, Dalling, & Garwood, 2004) and is commonly called the “charcoal
tree.” Owing to its dense root system in the surface soil, it grows rapidly
in stone and drought land, which prevents the soil from collapsing (Chang,
Lin, Liang, & Chen, 2007). It is reported to be a metal tolerant plant species
(Samantaray, Rout, & Das, 1999), one of the first to establish on disturbed
soils and is therefore considered as a key species in ecological restoration of
mine w astelands in the tropical countries. Being a light demanding species,
T. orien talis is restricted to high light environments and large disturbances
(Goodale et al., 2012) and prefers well-drained exposed soils without leaf
litter. Among Asian tropical pioneers, it is recorded as a fast growing species
(Goodale, 2009) showing better growth performance than Acacia m angium
and E u calyptu s cam adonesis (Jahan & Mun, 2005). Samantaray, Rout, and
Das (1995) have reported it as a nitrogen-fixing tree, growing up to a height
of 11.5 m and a girth of 21.3 cm within 2 yr (Jahan & Mun, 2004), thus
demonstrating the ability to establish fast on nutrient deficient soils. Further,
it is an economically valuable species for local communities due to its use as
fuel w ood.
Although T. orientalis is a good candidate for reforestation, low per
centage germination and nonsynchronous germination prevents this species
from being efficiently used for large-scale reforestation programs. Thus,
investigating the enhancement of seed germination and seedling produc
tion of T. orientalis is an important step for using this species in sustainable
ecological restoration of degraded wastelands. For plants, it is important
that seed germination occurs in the right place and at the right time, and
therefore most species have mechanisms that delay germination, such as
seed dormancy (Fenner & Thompson, 2005). Seed germination of different
species need different environmental conditions for breaking dormancy and
achieving maximum germination percentages (Baskin & Baskin, 1998, 2004).
However, dormancy-breaking conditions depend on the type of dormancy.
Seed dormancy can be imposed by the embryo, the envelopes (seed coat,
endosperm, etc.) or a combination of both factors to an extent that depends
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on the plant species, and can be physical or physiological in nature (Bewley,
1997; Baskin & Baskin, 2004). Several artificial techniques have been used
to break dormancy in seeds—including mechanical, thermal and chemi
cal scarification, enzymes, phyto hormones, dry storage, percussion, low
temperatures, radiation, and high atmospheric pressures (Baskin & Baskin,
1998). These techniques have been efficient in generating large number of
propagules for revegetation. Thus, understanding dormancy release behavior
is important and can help to discover some regeneration strategies of seeds
in response to environmental factors (Wang et al., 2011).
Previous studies on soil seed banks in forests have shown that seeds of
early successional species such as T. orientalis, account for most individuals
in the seed bank of different forest habitats (Quintana-Ascencio, GonzalezEspinosa, Rimirez-Marcial, Dominguez-Vazuez, & Martinez-Ico, 1996). In the
Ghanian forests, T. orientalis has been recorded to be abundant in soil seed
banks (Hall & Swaine, 1980). However, seeds of T. orientalis can remain dor
mant in the soil (Muhanguzi, Obua, Oreym-Origa, & Vetaas, 2005), and only
a few seeds may germinate w hen favorable conditions are present (Shimizu,
2005). A study of soil seed bank of secondary forest species in Thailand,
revealed that viable seeds of T. orientalis were found up to 175 m from
the source of mother tree (Cheke, Nanakorn, & Yankoses, 1979). A study
undertaken in China reported that around 36 species of birds feed on fruits
of T. o rien ta lis (Wang et al., 2002). T. orientalis exhibits reproduction early
in its life history (Swaine & Hall, 1983), producing small fruits attractive to
birds that w ould help in wider dispersal of seeds. Therefore, both soil seed
bank and bird dispersal contribute to the establishment of T. orientalis (Cao,
Tang, Sheng, & Zhang, 2000). This seed production and dispersal strategy
has the potential to facilitate the entry of seeds of new plant species to the
cleared land, thus hastening the restoration process. However, germination
experiments conducted by Wang et al. (2002) indicate that fresh ripe fmits
of T. o rien ta lis sown directly seldom germinate and soon decay, but that
germination is higher in depulped seeds and was highest in seeds excreted
by birds.
The present study was aimed at evaluating the seed germination
response o f T. orientalis to different treatments and reporting on an effective
treatment for enhancing and synchronizing germination. We also investi
gated the cause for dormancy by studying the effect of treatments on the
seed endocarp through SEM analysis.

MATERIALS AND METHODS
Seed C ollection an d Storage
The study was carried out at the Department of Botany, Goa University,
India. Mature black fruits were harvested from trees growing in and around
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the campus (15 27' N & 73° 49' E), sun dried to constant weight, and stored
at 28—30 C (under normal light conditions) in plastic Petri plates sealed with
parafilm until commencement of the experiment. Germination tests were
performed 4 w eeks after seed collection. Prior to treatments, dried seeds
were soaked for 2 hr in distilled w ater followed by physical removal of fruit
coat and pulp and then subjected to the respective treatments. Dried seeds
soaked for 2 hr in distilled w ater and depulped were used as control.
E xperim ental D esign an d T rea tm e n t C om binations
A Randomized Complete Block Design (RCBD) was adopted for the study.
A total of 19 presowing seed treatm ents besides the control were used with
50 seeds per treatment. The presow ing treatments included:
Tj: Control
T2-T6: Treatment with concentrated H 2S 0 4 (5, 10, 15, 20, & 25 min)
T7-T n : Treatment with 10% HCl (5, 10, 15, 20, & 25 min)
T12- D 6: Treatment with GA3 (50, 100, 150, 200, & 250 ppm)
Ti7-T 20: Treatment with K N 0 3 (5, 10, 15 & 20%).
After seeds w ere treated for 4 hr in GA3 and KN0 3 treatments, they were
rinsed three times with distilled w ater to remove all traces of the treatment
solution. The control seeds w ere not subjected to any of the above men
tioned presow ing treatments. All seeds in each treatment, including control,
were sterilized using 70% ethanol and placed in sterile filter paper-lined Petri
plates, m oistened with sterile distilled water.
Seed Im b ib itio n s a n d G e rm in a tio n Studies
Seed imbibition time was recorded as the number of days from treatment
to com m encem ent of germination. The total number of seeds germinated
in each Petri plate were counted. Germination was defined as the emer
gence of radicle at least 2 mm long (Mackay, Davis, & Sankhla, 1995). Total
seedling length was m easured after 10 days of germination. Seedling Vigor
Index (SVI), corresponding to the seedling survival was calculated using the
formula given by Abdul-Baki and Anderson (1973) as follows:
SVI = G e rm in a tio n p e r c e n t x T otal see d lin g le n g th (sh o o t a n d root).

In order to check the longevity of seed viability, germination tests were
performed using freshly collected seeds and seeds stored for 3, 6 , 9, and
12 months. Seeds for viability testing were stored at 28-30°C in light in plastic
Petri plates sealed with parafilm. After a specific storage period the seeds
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were treated w ith concentrated H 2S 0 4 for 15 min (being optimum treatment
for seed germ ination) and different germination parameters as above were
recorded.

SEM A nalysis fo r S eed C oat S tudy
Mature black fruits of T. o rien ta lis w ere collected and washed thoroughly
to remove the outer fruit coat and pulp. The seeds were air-dried and
treated with various chemicals—viz. concentrated H 2S 0 4 (15 min), 10% HC1
(10 min), K N 0 3 (0.5% for 4 hr) and GA3 (250 ppm for 4 hr). Seeds were
treated 24 hr prior to SEM analysis, w ashed thoroughly with distilled water
and air-dried. For SEM imaging the seed specimens were mounted on clean
dry aluminium stubs using double-sided adhesive carbon tape. The seeds
were then coated with platinum in a JEOL 1600 auto fine coater device.
The coated specim ens were exam ined and photographed using JSM-6360LV
(JEOL, Tokyo, Japan) scanning electron microscope which operated at an
accelerating voltage of 12 kV.

Statistical A nalyses
Percent germ ination data of treatments used was not normally distributed;
therefore, binary logistic regression was performed to analyze the variables
determining seed germination probability. The explicative variables used
were: treatment, concentration, and time. The model was tested using the
change in value of —2 log of the likelihood betw een the model with and
without explicative variables using Hosmer and Lemeshow goodness-of-fit
test (Hosmer & Lemeshow, 1989). Data pertaining to seed viability studies
was arcsine transformed and tested for normality. One-way ANOYA was used
to compare seed viability across time. Differences between means were con
sidered to be significant a t p < .05 by Tukey’s HSD test. Percent germination
data was back transformed and presented in the Table 1. All statistical anal
yses w ere carried out using SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
Results indicated that all treatm ents significantly affected percent germination
in T. o rien talis ( x 2 = 104.893, p = -000, d f = 6 ). The probability of
germination increased w hen seeds were treated with different treatment
solutions (Table 2). However, preliminary results indicate that removal of
fruit coat and pulp and initial soaking of seeds for a period of 2 hr is also
essential to enhance germination in all treatments. Control seeds recorded
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TABLE 1 Effect of Storage Time on Germination in Treated Seeds (Concentrated H2 SO4 ;
15 min) of Trema orientalis

Seed storage
period (months)
0

3
6

9
12

Germination (%)
60.0b ±
92.0a ±
SO.O11 ±
52.01’ ±
14.0C±

11.55
4.47
7.07
8.37
5.47

Seedling
length (cm)

Seedling
vigor index

Imbibition
time (days)

2.99 ± 0.66
4.96 ± 1 . 1 1
3.05 ± 0.86
1.06 ±0.24
0.44 ±0.15

179.26 ± 46.37
457.20 ± 107.89
244.36 ±71.85
54.00 ± 9.27
6 .8 ± 4.97

12

9
10
10

17

Note. Mean values following the same letter are not significantly different (Tukey's HSD test; p < .05); ±
standard deviation; n = 10.

TABLE 2 Logistic Regression Analysis Predicting the Effect of Different Parameters on Seed
Germination Probability
Variables
Cone. H2 S 0 4
10% HC1

KNO3
ga3

Time
Concentration
Constant

B
4.852
5.235
5.308
3.760
- 0 .15 8
0.285
-3.159

SE

Wald x 2

df

Sig.

Exp(B)

1.504

10.404
14.235
23.768
41.032
2.941
4.852
3.427

1
1
1
1
1
1
1

.0 0 1 *
.000 *
.000 *
.000 *
.086
.028*
.064

127.993
187.816
201.975
42.956
0.854
1.329
0.042

1.3 8 8

1.089
0.587
0.092
0.129
1.706

Note. B = slope from logistic regression; SE = standard error, df = degrees of freedom; Wald x 2 = measure of significance o f B; Sig. = significant p values (<.05) marked with an asterisk; Exp (B) = odds
ratio.

(Nagelkerke R2 = .175, H-L test, x2 = 13.543, p < .094).

30% germ ination after 30 days of imbibition period, while those subjected
to treatm ents resulted in germination that ranged from 68 to 98% with
imbibition period ranging from 8 to 15 days (Table 3)- This suggests the
possible existence of physical or physiological dormancy in seeds of T. ori
entalis. SEM images of the untreated seeds revealed a honeycomb network of
deposits present on the outer surface. These deposits form a tightly packed,
multilayered, reticulate ornam entation covering the entire seed coat surface,
which m ay act as a barrier for w ater imbibitions, thus hampering germination
(Figure 1A—C).
Treatment with concentrated H 2S0 4 reduced the imbibition period to
8 days and germination increased up to 92 % within 20 days of treatment.
Regression analysis showed that treatment time in all is not a significant pre
dictor of seed germination ( x 2 = 2.941, B = -0.158, p - .086), while use
of concentrated H 2S 0 4 significantly increases the probability of germination
_ io.404, B = 4.852, p = .001). However, seeds treated for 15 min
recorded the highest germination percent with a SVI of 491.0 reflecting
better survival ability of these plantlets (Table 3). SEM analysis revealed
that the acid treatment completely dissolved the honeycomb-like network
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TABLE 3 Effect of Chemical Treatments o n Seed Germination, Seedling Length, Vigor, and
Imbibition Time in Trema orientalis

Treatment

Control
Cone. H2SO4
Cone. H2SO4
Cone. H2SO4
Cone. H2SO4
Cone. H2SO4
10% HC1
10% HC1
10% HC1
10% HC1
10% HC1
GA3 50 ppm
GA3 100 ppm
GA3 150 ppm
GA3 200 ppm
GA3 250 ppm
KNO3 0.5%
k n o 3 1 .0 %
KNO3 1.5%
KNO3 2.0%

Time

Germination (%)

Seedling total
length (cm)

Seedling vigor
index (SVI)

0 min
5 min
1 0 min
15 min
20 min
25 min
5 min
1 0 min
15 min
20 min
25 min
4 hr
4 hr
4 hr
4 hr
4 hr
4 hr
4 hr
4 hr
4 hr

30.00 ± 8 .1 6
74.00 ± 15.17
90.00 ± 7.07
92.00 ± 4.47
84.00 ± 15.17
68.00 ± 8.37
90.00 ± 7.07
92.00 ± 8.37
94.00 ± 5.48
92.00 ± 8.37
80.00 ± 15.81
84.00 d t 13.42
86.00 dr 11.40
88.00 ± 8.37
94.00 ± 8.94
96.00 ± 5.48
98.00 ± 4.47
96.00 ± 5.48
76.00 ± 15.17
72.00 dr 14.83

2.95efg dr 0 .2 1
3.08defg ± 0.29
5.38a rb 0.28
5.34a ± 0.35
4.40b ± 0.14
4.36b ± 0.41
1.72s ± 0 .22
2.42s11 ± 0.28
2.74f« ± 0.56
2 .06 hi ± 0.15
2.76f« dr 0 .38
3.32cdef d: 0 .22
3.44cde ± 0.25
3.46cde ± 0.15
3 .66 cd ± 0.23
3.86^ rfc 0.28
3 34<xlef dr
0.23
3 .S '* dr 0.37
334cdef ± 0.25
3.64cd ± 0.26

88.75 ±
228.0 ±
485.2 ±
491.0 ±
396.6 ±
298.6 r t
154.0 ±
223.6 ±
257.0 ±
19 0 .2

±

223.4
279.4

±
±

296.8

±

305.0
344.4
371.2
309.6
364.2
252.8
264.2

±
±
±
±
±
±
±

26.04
53-96
57.90
34.78
69.06

63.20
16 .26

38.56
49.19
28.48
66.07
52.73
54.03
37.12
42.74
41.20
23.63
32.91
45.65
68.97

Imbibition
time (days)

30
8
8
8
8
8
10
10
10
10
10
11
11

13
13
11

15
15
15
15

Note. Mean values following the same letter are not significantly different (Tukey’s HSD test; p 5 .05); ±
standard deviation; n = 50.

of deposits on the seed coat surface. Sloughing of the seed coat at the
micropylar region was observed, exposing and weakening the endosperm
thus enhancing germination (Figure 1D-F).
Germination commenced after 10 days in 10% HC1 treatment and con
tinued over a period of 30 days. Highest germination (94%) was observed
in seeds treated for 15 min. Treatment solution and the concentration
used—i.e., 10% HC1 significantly affected seed germination (x 2 = 14.235,
B = 5.235, p = .000). However, seedlings developed by this method exhib
ited deform ed root system resulting in lower vigor (257.0; Table 3). These
seedlings w ere vulnerable and did not continue further growth and develop
ment. SEM images revealed maximum dissolution of the seed coat deposits
and exhibited poor ornam entation (Figure 1G).
Increase in concentration of K N 0 3 enhanced the germination probability
significantly (x 2 = 23.768, B = 5-308, p = .000). However, among different
concentrations of KN0 3 used, the lowest concentration—i.e., 0.5% KN03—
resulted in maximum germination (98%). Germination initiated 15 days after
treatment and the seedlings show ed a low vigor index (309.6) due to poorly
developed roots. SEM analysis suggested that KN0 3 had the least visible
effect on the seed coat, and the reticulate ornamentation of the seed coat
was found to be intact (Figure 1H).
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FIGURE 1

Scanning electron micrographs of T. orientalis seed: (A) untreated seed; (B)
micropylar region of untreated seed (arrow indicates micropylar region—Mi); (C) testa show
ing multilayered reticulate network of deposits; (D) seed treated with concentrated H2SO4;
(E) sloughed seed coat at the micropylar region (arrow indicates micropylar region—Mi); (F)
distorted seed coat after concentrated H 2 SO4 treatment; (G) testa of seed treated with 10%
HC1; (H) testa of seed treated with KNO3 ; and (I) testa of seed treated with GA3.

GA3 treatment (250 ppm ) resulted in high germination (96%) at the end
of 32 days after treatment. Use of GA3 at lower concentrations was less
effective in promoting germination. The SEM images revealed that GA3 had
no visible effect on seed coat (Figure II).
Study of seed viability using stored seeds revealed a significant decrease
in percent germination with increased storage time. Maximum germination
(92 %) was recorded after 3 months of storage with the least imbibition time
(9 days), while the lowest germination (14%) was recorded after 12 months
of storage (Table 1).

DISCUSSION
In nature, freshly dispersed seeds of T. orientalis exhibited delayed seedling
emergence due to an innate seed dormancy (Muhanguzi et al., 2005). Seed
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dormancy results from either tissues enclosing the embryo or from the
embryo itself (Bewley & Black, 1994). The seed treatments used in the
present study can be grouped into two classes depending on the mode
of action: H 2S 0 4 and HCl treatments act on the seed coat while GA3 and
KNO3 trigger physiological processes thereby enhancing germination. Seed
germination in T. orientalis increased significantly in all treatments compared
to the control suggesting that there might be more than one seed char
acter responsible for inducing dormancy. The seed pericarp is responsible
for seed-coat dormancy and affects seed germination and seedling estab
lishment by preventing w ater absorption, producing chemical inhibitors,
and preventing inhibitors leaking from the seed or inhibiting the radical
protrusion (Xiao, Wang, & Wu, 2009). Seed germination of species with
“coat-im posed” dormancy is determined by the balance of forces between
the grow th potential of the embryo and constraints exerted by the cover
ing layers—e.g., testa (seed coat) and endosperm (Leubner-Metzger, 2003).
Removal of the micropylar testa and the endosperm tissues permits radicle
growth under conditions that inhibit germination of intact seeds (Kucera,
Cohn, & Leubner-Metzger, 2005). Our study confirms that concentrated
sulphuric acid treatment was efficient in increasing germination percentage
by facilitating the removal of the micropylar testa (Figure IE), thus decreas
ing the resistance to the embryo. Sulphuric acid is thought to disrupt the seed
coat and expose the lumens of macrosclereid cells, permitting imbibition of
water w hich triggers germination (Nikoleave, 1977). The use of sulphuric
acid in overcoming seed coat dormancy is well-known and several stud
ies have indicated it as an effective agent to improve seed germination in
hard seeded plant species (De Villiers, Van Rooyen, & Theron, 2002; Veassey
& Teixeira De Freitas, 2002; Aliero, 2004; Usberti & Martins, 2007; Dashti,
Ghahremani-Majd, & Esna-Ashari, 2012). Nondeep physiological dormancy
is the most common form of dormancy found in seeds (Baskin & Baskin,
1998) and GA3 is effective in breaking the nondeep physiological dormancy
(Baskin & Baskin, 2004). GA3 down regulates the expression of repressors
(e.g., RGL2 and SPY) by protein degradation, suppression of transcription or
mRNA degradation, thus increasing the germination potential of the embryo
(Peng & Harberd, 2002). In this study, seed treatment with GA3 and KN0 3
increased percent germination suggesting seed coat is not totally imperme
able, but instead the low growth potential of the embryo or endosperm
is the limiting condition that affects germination. In Trema guineenses, a
related species, treatment with gibberellic acid and dry storage at 2°C was
found to be effective in overcoming seed dormancy (Vazquez-Yanes, 1977).
Mechanical dormancy is a component of physiological dormancy, as the
covering layers restrain embryo growth (germination) due to low growth
potential of the embryo in an intact dormant or conditionally dormant seed
(Baskin & Baskin, 2004). In case of endosperm-limited germination, weak
ening of the micropylar endosperm surrounding the radicle tip seems to
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be required for radicle protrusion and likely involves cell-wall hydrolysis
by the action of GA3-induced hydrolytic enzymes (Leubner-Metzger, 2003).
GA3 is also required for embryo cell elongation and for overcoming coat
restrictions to germination of nondorm ant and dormant seeds (Kucera et al.,
2005). An increase in percent germination with increased concentration of
GA3 has also been reported by Amri (2010), who suggested that GA3 modi
fies the influence of cytokinins which in turn neutralize the inhibitors present
in the embryo. In our study reduction of percent germination was observed
with increasing concentration of K N 03. Similar observation was recorded by
Amri (2010) wherein, increased levels of KN0 3 caused cell death thereby
decreasing percent germination. At low concentrations, KN0 3 increased the
germination rate by providing oxidized forms of nitrogen causing a shift in
respiratory metabolism to the pentose phosphate pathway (Butola & Badola,
2004). Treatment with acid lowers the resistance of the covering layers, while
treatment with GA3 and K N 0 3 increases the force of radicle protrusion. Thus,
according to the classification scheme of seed dormancy proposed by Baskin
and Baskin (2004), it is revealed that seeds of T. orientalis exhibit a nondeep
physiological dormancy.
SEM analysis of seeds treated with different solutions revealed that treat
ment w ith acids (concentrated H 2SO4 & 10% HCl) completely distorted the
ornam entation on the seed coat due to dissolution of deposits. Treatment
with concentrated H2SCh caused the testa to lift and shrivel. Similar observa
tion w as recorded earlier in the seeds of Polygunum pensylvanicum (Jordan,
Jordan, & Jordan, 1983). Treatment with KN0 3 and GA3 did not show any
visible effect on the seed coat but facilitated in overcoming the physiological
seed dormancy.
A low percentage of germination was observed in the initial 3 months in
T. orien talis. Other species of Trem a —viz. T. guineensis and T. m icranth—
also exhibit initial dormancy for a few months due to the presence of an
endogenous germination inhibitor (Vazquez-Yanes, 1998; Silvera, Skillman, &
Dalling, 2003). Further research on these endogenous inhibitors may reveal
the cause of initial dormancy in T. orientalis.

CONCLUSION
The most limiting factor that hinders the use of T. orientalis for revegetation
programmes is the lack of availability of large number of seedlings in nurs
eries. The present study confirms a nondeep physiological dormancy existing
in T. orien talis seeds. Hence, overcoming dormancy by using presowing
treatments would be very effective in generating large number of propagules
for revegetation. Among various treatments, prior soaking for 2 hr followed
by depulping and exposure to concentrated H 2 SO 4 for 15 min proved to be
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m o st e ffec tiv e a n d is h ig h ly re c o m m e n d e d fo r in c re a sin g germ ination a n d
p ro d u c in g h e a lth y p la n tle ts in T. orien ta lis.
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Influence of organic amendments and arbuscular mvcorrhizal
inoculation on plant growth and nutrient uptake in iron ore mine
spoils
Cassie R. Rodrigues and Bernard F. Rodrigues*
D epartm ent o f Botany, G oa University, Bambolim, India
(R eceived 2 5 A p ril 2014; accepted 2 June 2014)
Trema orientalis L. Blum e is able to grow on nutrient-deficient soils and known u>
be a metal tolerant plant sp ecies displaying potential for use in mine restoration
programmes. However, reclam ation strategies would depend on the plant species
used, and physico-chem ical status o f the spoil that often limits plant growth. This
study w as directed to determine the efficiency o f arbuscular mycorrhi/al (AVI)
species Rhizophagus irregularis and soil organic amendments (farm yard manure
[FYM] and verm icom post [V C ]), in enhancing growth and nutrient acquisition o f
T. orien talis in iron ore m ine sp oil (M S). A pot experiment was conducted using
five treatments viz., AM , F Y M , FYM and AM, VC, and VC and AM, with pure
spoil as the control. Growth parameters, foliar nutrient concentrations and percent
age A M root colonisation w ere determined at the end o f 12 months. Addition o f
FY M and VC altered the chem ical properties o f spoil, increased pH and macro- and
micro-nutrient levels and enhanced plant growth. Growth o f T. orientalis was signifi
cantly increased by both organic amendments and by AM inoculation over control
A M colonisation increased plant survival in pure spoil and enhanced growth m both
pure and amended spoil. H igh A M colonisation and plant dependency were recorded
in pure M S and lower levels in amended spoil. AM colonisation plays a significant
role in survival o f T. orien talis in hostile iron ore MS environment. T orientalis
transplant success on iron ore m ine sites would be greatly increased with VC and
R. irregu laris amendment.
K ey w o rd s: arbuscular mycorrhiza; farm yard manure; mine restoration; nitrogen,
phosphorus; plant growth; verm i-com post

1. Introduction
Wasteland restoration in tropical forests usually requires cstablishmcnl o f diverse name
plant species. H owever, in spoils, initial revegetation is a crucial process and the selection
o f species for planting is a critical factor. Early pioneers can establish immediately after
disturbance, promoting simultaneous initiation o f a new stand composed o f pioneers and
late succession species depending on disperser availability, seed availability, and nature
and cause o f the disturbance [1]. Native pioneer species are adapted to disturbed site
conditions and grow quickly, which are the key players in a restoration process.
In tropical forests o f India, Trema orientalis L. Blume has been noted as a fastgrowing native pioneer tree species. It is a metal-tolerant species [2] with a dense root
system that prevents loose soil from collapsing. This high light-demanding plant grows
♦Corresponding author. Emails: felinov@ gm ail.com , felinov@unigoa.ac.in
©2014 Taylor & Francis
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well in disturbed forest sites [1], thereby making it a potential candidate for restorating
tropical forest wastelands created by mining. T. orientalis is recognised worldwide as a
disturbed site coloniser [3]. It has been included in secondary vegetation description
since the earliest studies of tropical forest succession in Asia. A field study in Sri
Lankan rainforest reported T. orientalis plants had strong associations with higher can
opy openness and therefore has been described as one o f the potential species to be
used for revegetation o f large open areas [4], Occurrence of T. orientalis was recorded
in a natural forest site developed after 10—15 years on copper mine spoil (MS) in
Madhya Pradesh, India [5], It is also reported to colonise chromite MS and exhibit tol
erance to chromium and nickel [2], However, a study on metal translocation in plants
from a redundant tin mining area in Kuala Lumpur, Malaysia suggests that T. orientalis
is included in the group metal excluders, growing in heavily metal-polluted soils with
out accumulating significant quantities in tissue [6], Further, a study of mycorrhizal
associations with forest trees in South Cameroon showed that T. orientalis constantly
exhibited 75% arbuscular mycorrhizal (AM) colonisation [7].
Revegetation o f MSs is usually problematic due to the unfavourable physico-chemical
properties that limit seedling establishment and plant growth. This is mainly a conse
quence of growth impediments such as low soil fertility and soil acidity that frequently
necessitates inclusion o f nutrient amendments in the reclamation process [8]. Low con
centrations o f N and P have also been known to limit the growth of native and introduced
species in MSs [9]. Therefore, MS amendment with organic materials such as farm yard
manure (FYM) and vermicompost (VC), and bio-fertilisers such as AM may help plant
establishment and survival. Amendment o f MS has been reported to enhance lateral root
development and increase soil water holding capacity, thereby reducing required irrigation
frequency and operational costs [10], Also, the importance of AM colonisation in plants
has been stressed as AM fungi are known to increase plant root absorption area up to
47-fold [11]. This may help in overcoming the nutrient-deficient conditions o f MSs.
Among all AM fungal species, Rhizophagus irregularis (syn. Glomus intraradices) is
known to rapidly and extensively colonise nursery plants and to be highly effective in
mobilising nutrients [12]. However, there is variation in AM benefit to different host
species. Preliminary studies confirmed that R. irregularis readily colonises T. orientalis
and thus was selected for the current study.
There is a need to assess the growth of T. orientalis in MS that might make its use
more effective in mine restoration. This investigation was therefore aimed at comparing
the influence o f soil amendments FYM and VC alone and in combination with the AM
species R. irregularis in seedling survival, and foliar nutrient acquisition at the nursery
stage.

2. Material and methods
2.1. Experimental design
A pot experiment was conducted to evaluate the effectiveness of organic amendments
(FYM and VC) and AM fungi for improving plant growth conditions in MS. A com
posite sample o f MS was procured from an iron ore MS dump, situated at Advalpal
(15°38'N, 73°52'E) Tivim, Goa. The experiment was carried out in the shade net of the
Department o f Botany, Goa University, under natural conditions of light, temperature
and humidity. A total o f five treatments were tried along with the control i.e. pure MS.
The treatments included: MS + AM (R. irregularis), MS + FYM (2:1) (v/v), MS +
FYM + AM (R. irregularis) (2:1) (v/v), MS + VC (2:1) (v/v) and MS + VC + AM
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(R. irregularis) (2:1) (v/v). Thus, there were six combinations (including control)
replicated five times and arranged in a completely randomised block design. Seeds of
I orientalis were collected from the trees growing around the campus and treated with
sulphuric acid to obtain uniform germination. Two kilogrammes of soil was dispensed
in pots (6Vi" diameter) and pre-germinated seedlings were sown in these pots (1 plant
per pot). Soil-based inoculum o f R. irregularis was obtained from the AM culture
collection, Botany Department, Goa University. The inoculum consisted of sand: soil
mixture containing live colonised roots, hyphae and spores (700 spores 100 g-1 soil).
In case o f AM treatment, seedlings were pre-inoculated by growing them in a soilbased culture o f R. irregularis, and upon ensuring colonisation (i.e. after 30 days) they
were transferred to the respective pots. The pots were maintained in greenhouse for one
year and various growth parameters were recorded.

2.2. Roots, leaves and soil sampling
Growth parameters were recorded after one year of growth from three plants per treat
ment. Three samples o f 50 root segments, each measuring 1 cm in triplicate, were ran
domly selected per treatment and used to estimate AM colonisation. Three replicates
were used for total biomass estimation. Leaf samples were assessed for macro- and
micro-nutrients. Third leaf from top was sampled for all analyses. Three sub-samples
drawn from composite soil samples o f pure MS and amended spoil separately were
used for soil analysis.

2.3. Soil analysis
Soil pH and EC was measured in a 1:1 H20 solution. Soil organic carbon (OC) (%),
available Phosphoms (P), available Potassium (K) and available micronutrients viz.,
Zinc (Zn), Copper (Cu), Manganese (Mn) and Iron (Fe) were quantified as described
previously [13], N content (%) from a composite sample (obtained from three subsam
ples) was determined using CHN Elemental Analyser (Isoprime, Vario isotope cube,
MASTIL, NCAOR, Goa) using sulphanilamide as the standard.

2.4. Mycorrhizal colonisation and dependency
Root segments were stained [14] and percent root colonisation was estimated by slide
method [15], Mycorrhizal dependency (MD) was calculated using [16].
Weight of mycorrhizal plant
Mycorrhizal dependency (%) = , . - ---------------——-—-—- x 100
J
Weight of non-mycorrhizal plant

2.5. Physical growth parameters
Seedling mortality, basal stem diameter, height, leaf number and leaf size o f plants
were recorded after one year, total plant biomass was also measured on dry weight
basis (105°C, 5h).

2.6. Plant foliar nutrient analysis
Leaf samples were rinsed with distilled water, washed with 0.2% teepol, rinsed again
with distilled water and air-dried. Air-dried leaf samples were dried to constant weight
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at 60 °C for 72 h. Samples were ground to obtain fine powder and stored in paper bags
in a desiccator until analyses. One gram o f powdered leaf sample was dry-ashed in a
furnace for 5 h at 550 °C. The ash was dissolved in 3 ml 6 N HC1 and the solution was
diluted with deionized water to make up the final volume to 50 ml. The concentration
of P was determined from the extract by Vanado-molybdo-phosphoric yellow colour
method [17], K was determined by Flame Photometry, and Fe, Mn, Zn and Cu was
quantified using an atomic absorption spectrophotometer (AAS Element AS, AAS
414). C and N was measured from the dried powdered leaf material using CHN
Elemental Analyser (Isoprime, Vario isotope cube, MASTIL, NCAOR, Goa) with
sulphanilamide as the internal standard.

2.7. Statistical analysis
Data were subjected to analysis o f variance (ANOVA) for a randomised complete block
design with factorial treatments, followed by post Hoc testing using Duncan Multiple
Range Test (DMRT) at P < 0.05. Tests for normality and constant variance were per
formed to ensure the validity o f the assumptions o f ANOVA. Data with non-normal
distribution were log-transformed before analysis and back-transformed to present in
tables. Pearson’s correlation was also estimated at .P<0.01. Statistical package SPSS
17.0 (Chicago, California) was used for all analyses.

3. Results
3.1. Soil analysis
A variation in pH and EC was observed in pure and amended MS. Pure spoil was acidic
and low in OC. Addition o f amendments (FYM and VC) significantly increased OC and
pH to near neutral (Table 1). A deficit in macronutrients was recorded in pure spoil i.e.
N, K and in particular P was detected in traces. Micronutrients like Fe and Mn were also
found to be significantly low, while Zn and Cu were present in traces in pure MS. FYM
and VC amendments significantly increased both macro- and micronutrient levels in
MS. However, both these amendments differed significantly in N and P levels.

3.2. Plant growth and nutrient analysis
Growth o f T orientalis was altered by both the amendments used in spoil and AM
inoculation. A significant increase in all the plant growth parameters and improved
seedling survival with no mortality was recorded upon AM inoculation in pure spoil.
While non-AM plants showed high mortality up to 60% in pure MS. Maximum plant
height, stem diameter, leaf number and total plant biomass was recorded in VCamended MS while the least was in pure spoil without AM (Table 2). AM inoculation
had no significant effect on plant height, but significantly increased stem diameter and
leaf size in both amended (FYM and VC) and pure spoil. Leaf number in FYM amend
ment also significantly increased with AM inoculation and greater leaf size was
recorded compared to the control. Plant height, stem girth, leaf number and leaf size
showed a strong positive correlation with soil pH (r = 0.886, 0.942, 0.892, 0.845 resp.
P< 0.01; n = 18) and EC (r= 0.944, 0.870, 0.920, 0.663 resp. P<0.01; « = 18). Shoot/
root ratios o f plants in all treatments were significantly higher than plants growing in
pure MS. AM colonisation increased shoot/root ratio in all except VC-amended spoil.

Soil
MS
MS+FYM
MS+VC

Physico-chemical properties o f MS with various amendments at the beginning o f the experiment.
pH

EC m/mhos

OC (%)

N (%)

P (pg/g)

K- (pg/g)

Zn (pg/g)

Fe (pg/g)

Mn (pg/g)

Cu (pg/g)

4.40b±0.69
6.46a±0.06
6.30a±0.20

0.02° ±0.01
1.03b±0.15
1.64a±0.13

0.48c±0.01
3.13a±0.35
1.77b±0.30

0.06°
0.56a
0.17b

0.0° ±0.0 (trace)
32.78b±5.44
56.62a±6.71

9.67° ±0.92
92.5a±8.87
73.79b± 15.33

0.0C± 0.0 (trace)
4.64b±0.73
16.09a±2.56

9.75b±2.33
52.58“±6.42
59.20a±5.72

6.39c± 1.86
25.16b±5.67
43.94a±6.36

0.0b± 0.0 (trace)
0.89b±0.61
2.55a± 1.25

Notes: Mean values followed by same superscript are not significantly different at p < 0.05. ± Standard deviation (n = 3), N values are derived from a composite sample.

International Journal o f Mining, Reclamation and Environment

Table 1.

C/l

On

Seedling growth o f T. orientalis in MS with and without amendments.

Treatments
MS
M S+AM
m s + fym
M S + FYM + AM
M S + VG
M S+VC+AM

Plant height (cm)

Stem diameter (cm)

Leaf number/plant

Leaf size (cm2)

Total plant dry biomass (g/plant)

Shoot: root

3.67d± 0 .5 8
39.83c ± 5 .5 3
85.83b ± 2 .0 2
88.00b± 2 .0 0
107.33a± 4 .7 3
113.00a± 13.53

0.53d±0.06
1.70c ± 0 .1 4
3.26b ± 0.11
3.53a± 0 .0 6
3.23b± 0 .1 2
3.60a± 0 .1 7

3C± 1.00
4° ± 1 .0 0
26b ± 1.00
35a± 4 .0 0
36a± 3 .0 0
36a ± 12.00

0.61d ± 0.11
23.59c ± 4 .7 8
54.96ab±5.61
57.01a± 3 .8 9
33.75c ±8.51
47.37ab± 4 .7 0

0.02d± 0 .0 0

1.22b± 0.01
2.66a± 1.17
2.42ab±0.41
2.91a± 0 .4 8
3.33a± 0 .83
2.19ao ± 0 .58

1.81cd± 1.19
16.77b ± 0 .65
20.40a± 6 .3 8
21.57a ± 4 .0 0
22.6a± 3.61

Notes: Mean values followed by same superscript are not significantly different at p < 0.05. ± Standard deviation (« = 3), for MR (n = 2).
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Table 2.

Nutrient status o f T. orientalis plants growing in pure and amended MS.

Treatments

C (%)

N (%)

MS
MS+AM
MS+FYM
MS+FYM+AM
MS+VC
MS+VC+AM

nd
39.07
31.85
37.27
36.80
37.22

nd
1.18
1.52
1.33
1.48
1.5

P (%)

K (%)

Fe (pg/g)

Zn (pg/g)

Cu (pg/g)

Mn (pg/g)

nd
0.11d±0.001
0.39° ± 0 .02
0.54ab± 0.15
0.44bc ± 0.06
0.65a± 0 .05

nd
0.51b±0.01
0.22c ± 0 .02
0.46b± 0 .03
0.56ab± 0.11
0.65a± 0 .0 7

nd
188.33ab± 9 .42
204.03a± 7.39
140.7b ± 3 .6 7
211.91a± 51.27
145.03b± 23.56

nd
31.17ab± 3 .78
33.28a± 2 .2 7
34.43a± 8 .27
23.85b ± 3 .86
28.37ab± 1.20

nd
163.33cd± 47.26
357.5b± 40.23
105.83cd± 21.55
717.33a± 81.40
278.33bc± 67.51

nd
335.13b± 11.31
220.03° ± 38.42
150.42d± 18.61
537.73a± 52.37
184.0cd± 46.44

Notes: Mean values followed by same superscript are not significantly different at p < 0.05. ± Standard deviation (n = 3), C and N values are derived from a composite sample of
three sub-samples.
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Quantification of foliar nutrient levels was carried out for all treatments that
revealed lower levels of N and P in plants growing in pure spoil as compared to those
growing in amended spoils (Table 3). Foliar N content was recorded highest in
FYM-amended spoil, while highest P level was recorded in VC-amended spoil. High C
levels were recorded in AM-colonised plants growing in pure MS. In amended spoil,
AM inoculation increased foliar P and K level significantly compared to their respec
tive non-AM controls, while foliar N levels varied in both amendments. A significantly
strong positive correlation was recorded between foliar P levels and soil pH (r = 0.898,
R <0.01; n = 18). Plants growing in FYM-amended spoil recorded highest Zn levels
while foliar Mn and Cu levels were higher in VC-amended spoil. AM colonisation
decreased foliar Fe, Mn and Cu concentration, while Zn levels increased in both
FYM- and VC-amended spoil. No Fe toxicity was observed in plants and variations in
Fe levels were observed among treatments.

3.3. Influence o f amendments on root colonisation and MD
Highest percentage colonisation was recorded in pure MS and was considerably
decreased in amended spoil. Plants growing in VC-amended spoil showed increased
percentage colonisation as compared to FYM amendment. However, MD was consider
ably lower than that recorded in FYM amendment. Plants in pure spoil showed highest
MD level up to 80%, which was reduced in amended spoil (Figure 1).

4. Discussion
The present study revealed that both FYM and VC amendment markedly improved MS
conditions for growth o f T. orientalis plants. Addition o f FYM and organic compost
near the roots o f plants may reduce the initial transplantation shock and make it more
adaptable to MS. T. orientalis seedling survival increased more than 90% in amended
spoil as compared to 40% survival in acidic pure MS after 6 months. The study also
reveals that AM colonisation significantly improves growth and survival of T. orientalis

100
90

■ MD

80

*■% colonisation

70
5 1 .3 3 b
60

SO
40
30

20
10

0

MS

MS+FYM

MS+VC

Figure 1 Percent colonisation and MD in T. orientalis plants grown in pure MS and amended
spoil (Mine spoil amended with Farm yard manure (MS+FYM) and mine spoil amended with
vermicompost (MS+VC)).
Note: Bars in grey indicate percent root length colonized by R. irregularis, while bars m black
indicate mycorrhizal dependency of T. orientalis plants in different substrates. Mean values fol
lowing the same letter are not significantly different at p < 0.05, for percent colonization (» = 5).
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seedlings in pure MS, thus proving R. irregularis to be an efficient strain for use as a
plant inoculant in revegetating MSs. Iron ore MSs are clayey and deficient in most of
the macro- and micronutrients, and therefore inoculation with AM fungi may be con
sidered as a prerequisite for successful restoration. The increase in organic matter and
other nutrients with application o f FYM and VC significantly reduced MS acidity. Low
pH is one o f the major limitations affecting the establishment of vegetation in MSs as
metal solubility increases under acidic conditions and may lead to toxicity [18]. All
plant growth parameters were positively correlated to pH and EC confirming them to
be important factors in determining plant growth in spoil.
Greater plant height and stem girth in amended spoil compared to pure spoil indi
cate that the addition o f organic amendments (FYM and VC) stimulate o f shoot
growth. However, AM colonisation influenced shoot growth only in pure MS with no
significant effect in amended spoil. AM fungi have been previously known to play an
important role in the establishment o f plants in MS [19]. A significantly higher total
plant biomass in amended spoil and corresponding higher shoot/root ratios was
recorded which may be a desirable character for plant growth and survival upon trans
plantation. Several reports state that larger seedlings with greater nutrient reserves
would show better growth and survival upon transplantation [20,21]. Also, larger seed
lings with higher nutrient content probably grow roots more rapidly, improving water
uptake efficiency from deeper soil layers [22], Greater plant shoot/root ratio in amended
spoil compared to pure spoil clearly demonstrates the inhibition of root growth while
promoting shoot growth upon amendment. Greater foliar mass of larger stock allows
increased photosynthetic capacity, which may facilitate rapid growth and ability to
quickly occupy site resources during establishment [23], Thus, the increase in shoot/
root ratio upon amendment may have been partly associated to the release of fertiliser
nutrients in the vicinity acting to decrease the need for new root growth to extract soil
nutrients [24]. Under conditions o f high nutrient availability and low water stress, seed
lings often allocate more biomass to shoots than to roots, since below-ground resources
are sufficient for growth [25]. Seedlings with a large initial root volume have higher
root growth potential and tend to tolerate transplant shock over time; they may also
have more rapid early growth rates compared to seedlings with a smaller initial root
volume [24],
N and P content in plants are the most important nutrient factors determining plant
establishment success upon transplantation [20], In FYM-amended spoil rich in N and
low in P, plant foliar N was higher without AM colonisation, while P content increased
with AM colonisation. Contrastingly, in VC-amended spoil containing low N and high
P, plant foliar N and P both increased with AM colonisation. This may have occurred
because, P is generally far less mobile in soil than N, thus requiring AM for its
transport to plants while N is directly taken up when readily available. However, since
VC-amended spoil was recorded low in N, AM colonisation may be required for N
uptake. The dominant form o f P absorbed is orthophosphate, which reacts strongly with
calcium in soils o f high pH and with iron and aluminium at low pH [26]. Thus, with
increasing soil pH, solubility o f Fe and A1 phosphates increases, but solubility of Ca
phosphate decreases, except for pH values above eight [27], this explains the positive
correlation o f pH with plant P in this study. AM colonisation facilitates greater uptake
of P in T. orientalis plants growing in both amended and as well as pure MS. However,
since the experiment was carried in pot conditions we cannot attribute this phenomenon
to the increase in nutrient absorptive area by AM, but instead it is the release o f P from
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insoluble sources by mycorrhizal association [28] that facilitates P uptake under these
circumstances.
Earlier studies have indicated that T. orientalis is a highly mycorrhizal plant. This
was also noticed in present study as plant survival and growth in pure MS was greatly
improved upon AM colonisation and plants recorded a 100% survival at the end of one
year. Pure MS low in both P and N recorded the highest percent colonisation and MD.
It is known that this greater dependence on AM fungi for nutrients is characteristic of
plants grown at lower soil-P concentrations and low tissue-P concentration [11].
Mycorrhizal benefits to the plant are usually reduced under conditions o f sufficient soil
fertility [29], The present study also indicates a differential response o f percent coloni
sation and MD to the N and P content o f substrate. In spoil amended with VC, a higher
percent colonisation was observed with considerably lower MD compared to FYM. It
is likely that the nutrient content o f VC stimulated fungal development directly or
indirectly through its promotion o f host root growth [30] thus exhibiting higher percent
colonisation with VC amendment. Stimulation o f mycorrhizal colonisation by P was
recorded earlier in Trifolium subterraneum [31]. AM plants growing in VC-amended
spoil show a positive MD and exhibited best growth among all treatments.

5.

Conclusion

Soil nutrient condition and pH are important factors to be considered while restoring
MSs. In the present study, MS being deficient in nutrients and acidic in nature did not sup
port the growth and survival o f T. orientalis. However, colonisation with R. irregularis
significantly increased plant growth and survival. Amending MS with FYM and VC
greatly increased plant growth. From all the treatments used, amendment with VC along
with AM colonisation proved to be most effective in enhancing plant growth and nutrient
acquisition in spoil. Thus, for greater transplantation success of T. orientalis on mine site,
the use o f VC along with R. irregularis colonisation is highly recommended.
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Abstract:

Pioneer tree species are important for stabilization o f disturbed ecosystems and form an integral part in
the restoration process. M acaranga peltata is a fast growing pioneer tree species in tropical forests native
to India and Sri Lanka. It is well adapted to harsh environmental conditions and is a suitable species for
restoration programmes. However, due to staggered seed germination and unavailability of large number
of propagules, its use has been limited. Hence, this study was initiated to overcome seed dormancy and
enhance synchronous germination. Pre-sowing treatments viz., concentrated sulphuric acid (cone. H2S 0 4),
gibberellic acid (GA), combined treatment o f cone. H2S 0 4 + GA and mechanical scarification was used.
Percent seed germination data was analysed by logistic regression method which confirmed that treatment
time and concentration together are crucial for enhancing germination. Cone. H2S 0 4 for different time
durations was less effective while GA at different concentrations had no effect on germination. The
combinational treatment o f cone. H 2S 0 4 and GA resulted in higher percent germination (upto 74%) than
either treatment used separately, but produced defective seedlings (26%). Mechanical scarification o f seed
coat had the greatest impact in enhancing germination (78%) and reducing imbibition time

(6 days)

against the control (0%), therefore it may be concluded that seeds of M. peltata exhibited physical coat
imposed dormancy.
Keywords: Dormancy, gibberellic acid, mechanical scarification, restoration, seed coat.
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Introduction:

Forest restoration can only be achieved if both researchers and managers have clear concepts about what
they are restoring for and why (Ashton et a l,

2 0 0 1 ). Encouraging the use of native fast growing plant

species in denuded areas is necessary to build and maintain a self-sustained environment and restore an
ecosystem close to the native previously existing one. Early serai- pioneers can establish immediately
after a disturbance on unoccupied micro-sites, promoting simultaneous initiation o f a new stand that
comprises o f pioneers, and late successional species depending on disperser availability, seed availability,
and nature and cause o f the disturbance ( Goodale et al., 2012, Singhakumar et al., 2000, Chandrashekara
& Ramakrishnan 1993). Tropical pioneer species may be important in the long-term stability o f the forest
following disturbance by helping to stabilize the soil, preventing soil erosion and excessive water run-off
(Burgess 1971) and have been proposed as good candidates to establish late successional species under
their canopy as well as to accelerate the ecosystem services in restoration efforts. Thus, the pioneer trees
form an integral part o f a restoration process.
Macaranga is a large genus o f the old world tropics consisting o f approximately 250 plant species with
centre o f distribution in sub-tropical Asia and Pacific (Eck et a l , 2001). Most of the species are restricted
to tree fall gaps, stream banks and unstable slopes in the primary forest, but are often common following
disturbance, frequently dominating secondary forest (Whitmore 1967 1969). Macaranga peltata (Roxb.)
Mull. Arg. is a tropical tree belonging to family Euphorbiacea. It is one of the pioneer species for stand
initiation and attains the canopy o f a mixture early in stand development (Ashton et a l, 2001). The
species M. peltata is widely studied as an early secondary species for restoration in India and Sri Lanka
(http://en.wikipedia.org/wiki/Macaranga_peltata) and is noted as a native recoloniser. It is a light
demanding tree restricted to large canopy openings and is recorded as a disturbance tolerant species
(Chandrashekara & Ramakrishnan 1993, Goodale et a l, 2012), hence suitable for revegetating large
forest gaps. It commonly occurs as an early succession tree, fast growing up to a height o f 11 m (Goodale
et al. 2009). In response to higher light regimes in disturbed sites, it exhibits a high shoot to root ratio thus
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facilitating efficient light capture and faster growth (Chandrashekara & Ramakrishnan 1993). It produces
large amount o f leaf litter which decomposes at a fast rate (Sundarapandian & Swamy 1999), and
contribute largely to an increase in soil organic matter in nutrient deficient areas. Recruitment of viable
seeds, germination, seedling establishment and their growth are indicators of regeneration potential of a
plant community. Macaranga peltata produces light weight seeds and has good coppicing ability thus
invading nearby areas. Tropical forests o f Western Ghats in India, have greater germinable seed banks o f
M. peltata outside the monsoon period i.e. during October to Decemeber, however, staggered germination
over a period o f five months was recorded (Chandrashekara & Ramakrishnan 1993).

Although M. peltata is a good candidate for revegetation and reclamation of wastelands in tropical Asia
(Ashton et al., 2001) the inability to obtain germination synchrony and faster germination reduces its
efficiency as a restoration species, where large number o f viable seedlings at a faster rate and
predetermined time are required. Therefore, knowledge o f seed germination and requirements for
dormancy break is essential for restoration projects where there is often a limited supply of seeds
(Marques & Draper 2012) and seedlings. A better understanding of germination traits o f forest tree
species with ecological adaptations is very important for achieving revegetation objectives in forest
management and ecological restoration.
Physical dormancy is common in most hard seeded plants and is imposed by the seed coat. It is an
ecological mechanism to allow seeds to germinate only when conditions are suitable for supporting
seedling growth. The hard seed coat in many o f the early secondary species may be a mechanism to
prevent seed damage during dispersal rather than for building persistent soil seed banks (Chandrashekara
& Ramakrishnan 1993). However, this represents a limit when prompt high germination is required. Since
little information is available on the germination characteristics o f M. peltata seeds and the techmque/s of
breaking dormancy, this study was aimed at evaluating the effectiveness of various seed treatments in
increasing percent seed germination in M. peltata and to determine the possible cause o f dormancy.

4

Materials and m ethods:

Collection and storage o f fruits:
Fruits of M. peltata were collected in the month o f May from trees growing around Goa University
campus. The seeds were separated from the outer oily black layer and sun dried to constant weight.
Moisture content o f fresh seeds was determined by oven drying method (103° C for 17 h) and expressed
as percentage o f water on a fresh weight basis (ISTA 2004). Viability o f fresh seeds was assessed by
tetrazolium test (Moore 1985). Embryo morphology was studied in a small sample of seeds after
dissection. Dried seeds were stored in zip lock polythene bags at 27° C in dark until commencement o f the
experiment (one week).

Experimental design for seed germination:
A total of 21 pre-sowing seed treatments were used, besides the control and 50 seeds were used per
treatment. The pre-sowing treatments included:
a. Sulphuric acid treatment:
Seeds were scarified with commercial grade cone. H 2SO4 for different time intervals viz., 5, 10, 15,20 and
25 minutes.
b. GA treatment:
Seeds were treated with three concentrations o f GA viz., 100 ppm, 200 ppm and 300 ppm for 2h.
c. Combined treatment (cone. H SO + GA):
2

4

Following treatment with cone. H 2S 0 4 for different time intervals (15, 20, 25, 30 mins), seeds were
treated with three different concentrations viz., 100 ppm, 200 ppm and 300 ppm of GA for 2 h.
d.

Mechanical scarification:

The hard sclerotic dark brown seed coat was mechanically removed (exposing the endosperm) by
applying pressure using a micrometer screw gauge with care taken not to damage the embryo.
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Following treatments, the seeds were rinsed with distilled water, surface sterilized using 0.1% mercury
chloride for 2 minutes and placed in sterile Petri plates lined with moist filter papers. Plates were
incubated at 27 C with 16 h o f photoperiod and germination percentage was recorded daily. Seed
imbibition time was recorded as the number o f days from treatment to commencement of germination.
Germination was defined as emergence o f radical at least 2 mm long (Mackay et al., 1995).

Exomorphic micro-characterisation o f seeds:

The seed coat o f M. peltata was studied using Scanning Electron Microscopy (SEM). Treated and control
seeds were washed thoroughly with distilled water and air dried 24 h prior to SEM analysis. Seeds were
mounted on clean dry aluminium stubs using double sided adhesive carbon tape. A coat of platinum was
sprayed on the seeds using JEOL 1600 auto fine coater device. Coated seeds were then examined and
photographed using JEOL JSM -6360LV scanning electron microscope (NCAOR, Goa) which operated at
an accelerating voltage o f

1 2 kv.

Statistical analysis:
Seed germination was expressed as percentage o f the total number of seeds sown after each treatment.
Percentage germination data were analyzed using logistic regression to- determine the treatments
predicting germination. The variables tested for their effect on germination included treatment time,
concentration and treatments used. To test the precision o f the model, the value o f pseudo R (Nagelkerke
R2) was calculated. All statistical analyses were carried out using SPSS 17.0 (Chicago, IL).

Results:
Macaranga peltata fruits are globose dehiscent capsules that are green in colour. The capsules split open
when fruits mature and seeds are ready for dispersal. The seeds are dark brown in colour, rounded to
slight oval in shape and exhibit epigeal germination (Fig. la). It has an outer oily covering and a very
hard seed coat surrounding a rigid endosperm being the major storage tissue (Fig. lb & c). The embryo is
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spatulate, axile, composed of two symmetrical foliaceous cotyledons, axis and radical, having an average
length of 2.0 mm (Fig. Id). Average diameter of seed was 3.7 ± 0.03 mm, and the seed moisture content
(fresh wt. basis) at dispersal was 37.24 ± 4.75%. Tetrazolium test of fresh seeds recorded a high viability
upto 84 %, viable seeds stained pink and non-viable or defective seeds stained lightly or did not stain
(Fig. le). SEM images of the untreated hard seed coat indicated absence of pores. The seed coat is rough
and ridged, a honeycomb network of deposits was observed on the surface, with cells tightly packed, and
anti-clinal walls slightly raised (Fig. 2a & b). The seed coat is approximately 607.5 pm thick and
contains a palisade cell layer of macrosclereids (Fig. lb) making it hard and rigid.
Seed germination ranged from 0- 78% in various treatments (Table 1), and no germination was observed
in control seeds. Logistic regression analysis confirmed the existence of a significant relationship between
treatments and germination (x2 = 428.303, P = 0.0001). Treatment with cone. H2SO4 causes leaching of
phenolic compounds from the seed coat into the acid solution, however, at varying time durations it did
not have a marked influence in increasing germination percentage. This treatment recorded a maximum
germination of 14.0% when treated for 15, 20 and 25 minutes, with germination commencing after 24, 23
and 26 days of treatment respectively. SEM images revealed that seeds treated with cone. H2S04for more
than 15 minutes led to complete degeneration of the outer testa due to cracking and sloughing of the seed
coat, thus facilitating imbibition and slightly initiating germination (Fig. 2c-f). Treatment with GA alone
at different concentrations did not promote germination (0%). A combinational treatment of cone. H2SO4
and GA resulted in higher percent germination compared to either treatments used alone, however, it
produced defective seedlings (D 20%). In all treatments, 20-30% seedlings were abnormal with restricted
radical growth eventually resulting in seedling death (Fig. If & g).
Logistic regression analysis suggested that an increase in treatment time would decrease the germination
probability (y2 =1.675, B=-0.057). While increasing the treatment concentration would significantly
reduce the germination probability (x2 =30.754, B=-0.578). Among the various treatments used the
combinational treatment was predicted to be most effective in increasing seed germination followed by
7

mechanical scarification (Table 2). However, germination studies revealed that, mechanical scarification
of the seed coat increased germination upto 78% compared to other treatments in a relatively shorter
period (6 days) and percentage o f defective plantlet was also reduced (20 %).
D iscussion:

In the present study, results indicate that the hard impermeable seed coat surrounding the embryo, as well
as endosperm restricts seed germination in M. peltata. Strong impermeable seed coats protect the embryos
during dormancy and maintain an environment that is conducive for quiescence (Bewley 1997). In nature
seeds of M. peltata mature in the month o f April - May and are dispersed by birds just before the onset of
monsoon. Murali (1997) noted that seeds of M. peltata were viable for a period o f 15 months in field
conditions and germination began only after 23 days of dispersal. Therefore, protection against fungal and
parasitic attacks may be offered by the hard seed coat which contains phenolic compounds, thereby
reducing the rate of field deterioration and making them more resistant (Haris 1987). A honeycomb
network of deposits on the seed coat as observed from scanning electron micrographs reveal the absence
of pores making it impermeable to water. Such network of deposits has also been observed in the hard
seeded variety o f Glycine Max (L.) Merr. (Haris 1987) and may be a characteristic feature of hard seeds.
The presence of tannin in the macrosclereid palisade layer of mature seeds was observed. It is suggested
that this browning or tanning reaction contributes to hard-seededness and is caused by quinone formation
and the reactions of the quinones with themselves and with proteins in the cells (Marbach & Meyer 1974,
1975). In endospermic seeds, the contributions of both the testa and endosperm layers, to the degree of
coat-imposed dormancy have to be considered (Hilhorst 1995; Bewley 1997). Previous studies suggest
that the after-ripening-mediated promotion of tobacco seed germination is mainly due to a promotion of
testa rupture and a similar promotion of subsequent endosperm rupture (Leubner-Metzger 2002).
Endosperm rupture is the main germination-limiting process in members of Asteraceae and Solanaceae
(Leubner-Metzger 2003). In endosperm-limited germination, weakening of the micropylar endosperm
surrounding the radicle tip seems to be required for radicle protrusion and is likely to involve cell-wall
8

hydrolysis by the action of GA-induced hydrolytic enzymes. As observed in the present study, seeds
when treated with GA alone did not germinate suggesting the impermeable nature of the seed coat.
Although treatment with cone. H2SO4 alone was able to overcome this impermeability, it resulted in poor
germination (14.00%). However, the combination of both the treatments proved to be much efficient in
enhancing seed germination. The seed coat was weakened using cone. H2S0 4 and GA treatment assisted
in overcoming the endospermic barrier. GA is reported to overcome the mechanical restraint conferred by
the seed-covering layers, by weakening of the tissues surrounding the radicle (Kucera et al., 2005). This
increases the growth potential of the embryo to a point at which resistance of the seed coat is overcome
resulting in germination. On the other hand, complete removal of the seed coat by mechanical
scarification, reduces the mechanical resistance to embryo growth to the extent the radicle can elongate.
In such a situation, even though the embryo is at a relatively low growth potential, eventually the seed
germinate. Similar observations were recorded earlier in seeds of Snaeda aralocaspica (Wang et al.,
2008). Seed germination treatments and tetrazolium test confirmed that around 20% of the seeds
produced by M. peltata plants are not viable. Also, in all treatments around 20-30% abnormal seedlings
were observed perhaps due to the presence of underdeveloped embryos.
Thus, from our study it can be concluded that seeds of M. peltata exhibit physical dormancy and
successfully germinate after complete removal of the seed coat in an appreciably limited period. This
technique would be very useful to the restoration and reforestation practitioners as it is simple, cost
effective and is highly recommended for generating large number of propagules for revegetation of
degraded lands.
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Figure Legends:

Figure 1: M. p e l t a t a seed structure and germination, a - Normal epigeal seed germination; b - A/ p e l lata
seed layers ( obi- oily black layer, he- hard coat, em- embryo, en- endosperm); c - Dissected seed with
embryo surrounded by the rigid endosperm; d - Embryo (c-cotyledon, r- radicle, p- plumule), e - Viable
and non-viable seeds treated with tetrazolium; f & g - Abnormal seedlings.

Figure 2: Scanning electron micrographs o f M. p e l t a t a seed, a - untreated seed, b
ornamentation before acid treatment, e - Seed treated with cone. H ,S O ,. d - Closed view of sloughed seed
coal; e - Distorted seed coat ornamentation o f acid treated seed, f - Cracks in the palisade layt (.
pointing to regions where cracks have developed).
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Table 1: Effect o f pre-sowing treatments on seed germination.

Sr. No.

Treatm ent

Germ ination (%)

Defective

imbibition

plantlets (%)

time (days)

0
0

0
0
26

1

Control

0.00

2

5 m H2S 0 4

0.00

3

10m H2S 0 4

6.00 ± 5 .1 6

4

15m H2S 0 4

14.00 ±4.71

20
20

5

20m H2S 0 4

14.00 ± 4.71

20

23

6

25m H2S 0 4

14.00 ± 4.71

30

26

7

lOOppm G A 3

0.00

8

200ppm GA3

0.00

9

lOOppm GA3

0.00

0
0
0

0
0
0

10

15m H2S 0 4 + lOOppm G A 3

73.33 ± 4 .0 4

26

13

11

15m H2S 0 4 + 200ppm GA3

53.33 ± 2 1 .8 2

22

20

12

15m H2S 0 4 + 300ppm GA3

56.67 ± 14.29

26

18

13

20m H2S 0 4 + lOOppm G A 3

72.00 ± 8.69

30

15

14

20m H2S 0 4 + 200ppm GA3

66.00 ± 16.49

26

13

15

20m H2S 0 4 + 300ppm GA3

48.00± 21.82

30

18

16

25m H2S 0 4 + lOOppm G A 3

74.00 ±5.41

26

19

17

25m H2S 0 4 + 200ppm GA3

66.00 ±21.81

30

20

25m H2S 0 4 + 300ppm G A 3

33.00 ± 8 .25

30

17

18

30m H2S 0 4 + lOOppm GA3

66.00 ± 2 1 .8 2

20

13

19

30m H2S 0 4 + 200ppm GA3

62.00 ± 8.25

26

15

20

30m H2S 0 4 + 300ppm GA3

62.00 ± 8.25

30

15

21

Mechanical scarification

78.00 ± 5.48

20

6

22

24

± Standard deviation. n=50

1

Table 2: Logistic regression analysis predicting the effect of different parameters on seed germination probability.

Variables

B

S.E.

Wald x2

DF

Sig.

Exp(B)

Time

-0 .0 5 7

0 .0 4 4

1.657

1

0.198

0.944

Concentration

-0 .5 7 8

0 .1 0 4

3 0 .7 5 4

1

0.000*

0.561

Cone. H2S 0 4 Treatment

0 .8 8 2

0.6 5 1

1.839

1

0.175

2.417

GA Treatment

-1 7 .0 7 4

3 2 2 2 .8 4 6

0.000

1

0.996

0.000

Combination Treatment

4 .7 8 6

0 .6 8 5

4 8 .8 5 3

1

0.000*

119.859

Mechanical treatment

3.731

0.7 2 1

2 6 .7 5 0

1

0.000*

41.735

Constant

-2 .4 6 6

0 .6 3 6

15.051

1

0.000

0.085

B = slope from logistic regression, SE = standard error, DF = degrees o f freedom, Wald % - measure ot significance
of B, Sig. = Significant P values (<0.05) marked with an asterisk, Exp (B) = Odds Ratio. Nagelkerke R" = 0.453.
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F igure 1: M. peltata seed structure and germination, a - Normal epigeal seed germination; b - M.
peltata seed layers ( obi- oily black layer, he- hard coat, em- embryo, en- endosperm); c - Dissected
seed with embryo surrounded by the rigid endosperm; d - Embryo (c-cotyledon, r- radicle, pplumule); e - Viable and non-viable seeds treated with tetrazolium; f & g - Abnormal seedlings.

Figure 2: Scanning electron m icrographs o f M. peltata seed, a - untreated seed; b - Seed coat
ornamentation before acid treatm ent, c - Seed treated with cone. H2S 0 4; d - Close view o f sloughed
seed coat; e - Distorted seed coat ornam entation o f acid treated seed; f - Cracks in the palisade layer
(arrows pointing to regions w here cracks have developed).
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Abstract:
Macaranga peltata (Roxb.) Mull. Arg. is a disturbance tolerant plant species with potential in mine

wasteland reclamation. Our study aims at studying the phyto-extraction potential of M. peltata and
determining plant-soil interaction factors effecting plant growth in iron ore mine spoils. Plants were
grown in pure mine spoil and spoil amended with Farm Yard Manure (FYM) and Vermicompost (VC)
along with arbuscular mycorrhizal (AM) species Rhizophagus irregularis. Pure and amended mine spoils
were evaluated for nutrient status. Plant growth parameters and foliar nutrient contents were determined
at the end of one year. FYM amendment in spoil significantly increased plant biomass compared to pure
mine spoil and VC amended spoil. Foliar Fe accumulation was recorded highest (594,67pg/g) in pure
spoil with no mortality but considerably affecting plant growth, thus proving to exhibit phyto-extraction
potential. FYM and VC amendments reduced AM colonization (30.4% and 37% resp.) and plants showed
a negative mycorrhizal dependency (- 30.35 and - 39.83 resp.). Soil pH and P levels and, foliar fc
accumulation are major factors determining plant growth in spoil. FYM amendment was found to be
superior to VC as a spoil amendment for hastening plant growth and establishment m iron ore mine spoil.

K e y w o r d s:

Farm yard manure, nutrient uptake, Vermicompost.
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Introduction:

ta recent years, working ou, strategies for efficient post mining restoration has been increasing,, gaining
importance and the use o f plan, cover is far being known as the best w a, for restoration. However, issues
like varying topographies, distinct spoil properties, lack o f knowledge on plan, species suitable for
revegetation and the process to hasten their establishment are ye. to be addressed. Due to nutrient
limitation and low microbial activity, natural forest succession in mine wastelands takes a long time.
Therefore initially, deliberate revegetation using tolerant native plant species and addition of amendments
for improving spoil properties becomes mandatory for wasteland stabilization. In these instances,
selection o f suitable plant species is the most crucial factor as they have to be tolerant to nutrient
deficiencies and high metal concentrations prevailing in spoils.
Macaranga peltata (Roxb.) Mull. Arg. a pioneer tropical tree, is indigenous to India, Sri Lanka and
Thailand. The genus M acaranga consists o f approximately 250 plant species (Eck el al. 2001) that are
light-demanding pioneers naturally growing in clearings and along riverbanks in lowland dipterocarp
forests (Whitmore, 1969). In tropical forests o f India and Sri Lanka, M. peltata is found to be restricted to
large canopy openings and is known to be a disturbance tolerant keystone species (Chandrashekara and
Ramakrishnan 1993; Goodale et al. 2012) and hence suitable for restoration o f large forest gaps.
However, a study on species composition in tropical rainforest of Australia showed that M. peltata can
establish in large as well as small gaps caused by individual tree fall in forests (Hopkins and Graham.
1983). Also, photosynthetic studies on species o f M acaranga showed that these early succession species
exhibit higher plasticity in photosynthetic rates in response to light environments and exhibit a marked
reduction in Amax when grown in low light (Davies, 1998), This finding was supported by a field study
in rainforest o f Sri Lanka where, M peltata plants were restricted to high light conditions and largedisturbances, and had stronger associations with higher canopy openness compared to other pioneer
species (Goodale, 2009). Sundarapandian and Swamy (1999) reported that M pel,a,a produces largeamount o f leaf litter with high N content and faster decomposition rate compared to other species in
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topical forests of India. This would be beneficial in replenishing the N deficient soils in mine wastelands
thus paving the way for establishment of secondary forests.
However, initially nutrient limitation is a major stress suppressing plant establishment in mine
wastelands. Therefore, amendment o f mine spoils with various biofertilizers such as Farm Yard Manure
(FYM), Vermi compost (VC), Arbuscular Mycorrhizae (AM), etc. may be essential in order to hasten
plant establishment. FYM is a rich unsterile source of nitrogen and would largely promote plant growth
and increase the microbial population in spoil. It has also been noticed that low levels of mycorrhizal soil
inoculum frequently delays restoration (Quoreshi, 2008), therefore, inoculation of plants with AM fungi
has been considered a pre-requisite for successful restoration of heavy metal contaminated soils (Gaur and
Adholeya 2004). AM fungi form prominent symbioses with roots, increasing their potential to mobilize
nutrients, particularly P, which can affect growth and physiology of plants (Li et al. 2012). However, in
order to use AM symbiosis for phytoremediation, it is important to understand how the fungus and
establishment of the symbiosis are affected by contaminated soils (Gohre and Paszkowski 2006).
There are very few reports worldwide, on reclamation and phyto-extraction in iron ore mine wastelands.
Thus, to gain a better insight for improving mine wasteland revegetation strategies, the present study
aimed at evaluating the effect o f amendments viz., FYM and VC in the presence and absence of AM on
plant growth and to study the efficacy of M. peltata for phyto extraction of iron in mine spoils.

M aterials a n d M e th o d s :
E x p e rim en ta l D e sig n :

A pot experiment was conducted to evaluate the effectiveness of organic amendments (FYM and VC) and
AM in promoting growth of M. p elta ta in mine spoil. A composite sample of mine spoil was obtained
from an iron ore mine spoil dump, situated at Advalpal (15-38H 73°52E) Goa, India. The experiment
was conducted in the shade net o f the Department o f Botany, Goa University, under natural conditions of
light, temperature and humidity. A 2x3 factorial experiment was designed to check effect of AM and
3

amendment on plan, growth with 2 mycorrhizal conditions: inoculated and non-inoculated with AM
fagus (A irregularis) combined with 3 soil amendments namely: pure mine spoil, mine spoil + FYM
(2:1, v/v) and mine spoil + VC (2:1, v/v). Thus, there were 6 treatments replicated 10 times and atranged
in a completely randomized block design. Seeds of M peltate were collected from trees growing around
the University campus and were mechanically scarified to obtain uniform germination (Rodrigues and
Rodrigues, 2013). The FYM used contained OC= 8.85%, N= 2.88%, while VC contained OC= 6.98%,
N- 1.54/o. Pure culture of R. irregularis (GUAMCC-02) from the AM culture collection of Goa
University was used. This species was recorded in the rhizosphere soils of M. peltata (unpublished) and is
known to facilitate plant establishment in varying conditions (Mathimaran et al. 2005). The inoculum
consisted of sand:soil mixture containing live colonized roots, hyphae and spores (700 spores lOOg'1soil).
Two kilograms of soil was dispensed in pots (15cm X 16cm) and pre-germinated seeds of M. peltata were
sown in these pots (1 plantlet per pot). In case of AM treatment, seedlings were pre-inoculated in soil
based culture of R. irregularis and upon ensuring colonization (i.e. 60% after 30 days), transferred to the
respective pots. Non-mycorrhizal plants were grown in sterile soil before transferring to pots. Pots were
maintained in shade net for one year and various growth parameters were recorded.
Roots, leaves and soil sampling:
Plant roots and leaves were sampled after one year of growth in pots, while soil was analyzed at the start
of the experiment. Root systems from three randomly selected pots (per treatment) were assessed for
percent colonization. Macro- and micro-nutrients were analyzed from leaf samples (third leaf from top 1“ is the one that is fully opened and more than 3cm long) collected from 3 randomly selected plants of
each treatment separately. The remaining 4 pots were used for total biomass estimation. A composite soil
sample o f pure mine spoil and amended spoil was divided into 3 sub-samples and analyzed.
Soil Analysis:
Soil pH and Electrical Conductivity (EC) was measured In a 1:1 (v/v) ftO solution. Soil organic carbon
(% OC) was analyzed by titration method (Walkley and Black 1934). Nitrogen content (%) from a
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composite sample (obtained from 3 subsamples) was determined using CHN Elemental Analyzer
(Isoprime, Vario isotope cube, MAST1L, NCAOR, Goa) using Sulfanilamide as the standard. Available
Phosphorus (P) was estimated using Bray and Kurtz method (1945). Ammonium acetate method
(Hanway and Heidal 1952) was used to determine available Potassium (K) using Flame Photometer
(Systronic 3292). Available micronutrients viz., Zinc (Zn), Copper (Cu), Manganese (Mn) and Iron (Fe)
were quantified by DTPA method (Lindsay and Norwell

1978) using Atomic Absorption

Spectrophotometer (AAS Element AS, AAS 414).
M ycorrhizal C o lo n iz a tio n a n d D e p e n d e n c y :

Root samples for estimation of AM colonization were cleared in 10% KOH followed by staining with
trypan blue (Phillips and Hayman 1970) and percent root colonization was calculated (Giovannetti and
Mosse 1980). Mycorrhizal dependency (MD) was calculated according to (Pienchette et al. 1983) as
follows:
M ycorrhizal D ependency (% ) =

W eight of m ycorrhizal plant
W eight o f non -r mycorrhizal plant

x 100

Physical G r o w t h P a r a m e te r s :

Basal stem diameter, height and leaf area (3rd leaf) of all plants were recorded, leaf area was recorded on a
graph sheet and measured. The total plant biomass was also measured on dry weight basis (105°C, 5h).
Plant f o lia r n u t r ie n t a n a ly s is :

Leaf samples were rinsed three times with distilled water, washed with 0.2% teepol, rinsed again with
distilled water and air dried. Air dried samples were then dried to constant weight in oven at 60 C for 72h.
Samples were ground using mortar and pestle to obtain fine powder and stored in paper bags in a
desiccator until analyses. One gram of powdered leaf sample was dry-ashed in a furnace for 5h at 550°C.
The ash was dissolved in 3 ml of 6N HC1 and the solution was diluted with deionized water to make up
the final volume to 50 ml. The concentration of P was determined from the extract by Vanado-molybdophosphoric yellow colour method (Chapman and Pratt 1982), K was determined by Flame Photometry,
5
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Fe, Mn, Zn, and Cu was quantified using Atomic Absorption Spectrophotometer (AAS Element AS, AAS
414). C and N was measured from the dried powdered leaf material using CHN Elemental Analyzer
(Isoprime, Vario isotope cube, MAST1L, NCAOR, Goa) with Sulfanilamide as the internal standard.
Statistical A n a ly s is :

The effect of amendments on various parameters were tested using one-way analysis of variance
(ANOVA) followed by post Hoc testing using Duncan’s Multiple Range Test (DMRT) at P < 0.05. Prior
to ANOVA, all data were checked for normality and homogeneity of variance. Data with non-normal
distribution were log transformed before analysis and back-transformed to present in tables. Parameters
were correlated using Pearson’s correlation P < 0.01 and 0.05. Statistical package SPSS 17.0 (Chicago,
California) was used for all statistical analyses.
Results:
Soil A n a ly sis:

Physico- chemical analysis of the mine spoils are depicted in Table 1. A significant variation in pH and
EC was recorded in amended and pure spoil. The pH o f pure mine spoil was acidic (4.4 ± 0.69) and
increased with the addition of amendments to near neutral (6.3 to 6.5). Soil analysis confirmed that the
mine spoil was highly deficient in most of the macro- and micro-nutrients. Major nutrients i.e. N, P and K
levels were significantly low in pure mine spoil and increased upon amendment. P and K levels did not
vary significantly in amended spoils (FYM and VC). However, FYM amendment significantly increased
the organic matter (OM) content recorded in terms o f OC% (3.13%) and N% (0.56%), while amendment
with VC showed significantly higher levels of micronutrients Zn, Mn and Cu. In pure mine spoil
available Fe and Mn levels were found to be significantly low, while Zn and Cu were present m traces.
Plant n u tr ie n t a n a ly s is a n d g r o w t h :

The study revealed that amendment o f mine spoil with FYM and VC significantly enhanced growth of M.
peltata plants. During the growth period of one year no mortality was observed in any of the treatments

including control. Amendment with FYM contributed to a maximum increase in plant height; stem
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diameter and total plant dry biomass as compared to plants growing in VC amended spoil. AM
colonization contributed to a significant increase in leaf area in VC amended spoil, while no effect was
seen in FYM amendment (Table 2). However, other parameters like plant height, stem diameter and plant
biomass decreased significantly upon AM inoculation in both amendments and a growth depression was
observed. In pure mine spoil AM inoculation had no significant effect on any of the growth parameters
recorded. Root/shoot ratios of plants were significantly higher in pure mine spoil compared to plants
grown on amended spoils. A significant decrease in root/shoot ratio was recorded with increasing levels
of soil P and N (r = -0.789, -0.525 respectively, P<0.01; n=18), while at higher foliar Fe concentration
root/shoot ratio increased (r = 0.827, P<0.01; n=l 8).
Foliar nutrient analysis diagnosed symptoms of nutrient deficiency in plants from pure mine spoil (Table
3). Macro-nutrient analysis revealed that plants growing in FYM and VC amended spoil recorded a higher
N content compared to the control. Highest P content was recorded in plants grown in spoil amended with
VC and strongly correlated to increased levels of P in soil (r = 0.941, P<0.05; n= 18). Foliar K level in all
amended spoil was significantly higher than pure mine spoil and correlated to the K level in the respective
growing substrates (r = 0.866, P<0.05, n=18). Highest K level was recorded in AM plants growing in
FYM amended spoil. Fe content o f leaves was found to be significantly higher in plants grown in pure
mine spoil compared to amended spoil, however no significant difference was observed in Fe levels
among FYM and VC amended spoil. It was also observed that foliar Fe content showed a strong negative
correlation to soil pH (r = - 0.938, P<0.01; n=18), soil P (r = - 0.898, P<0.01; n=18) and most of the plant
growth parameters recorded i.e. plant height (r = -0.938, P<0.01, n-18), stem girth (r

0.930, P_0.01,

n=i8), LA (r = -0.816, P<0.01; n=18) and total biomass (r = -0.877, P<0.01; n=18). Other micro-nutrients
viz., Cu, Zn and Mn were found in varying concentration in all the treatments. Also, a strong positive

correlation was observed between soil pH and plant height, stem girth, total biomass (r = 0.980, 0.974,
0.935 resp., P<0.01; n=18) and leaf area (r = 0.830, P<0.05; n=18).
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AMcolonization and Mycorrhizal Dependency:
Maximum colonization was recorded in pure mine spoil as compared to the amended spoil. Percent root
colonization increased significantly at lower pH (r = - 0.990, P<0.01; n-9) and lower levels of soil P <r = 0.840, PS0.01, n 9) prevailing in pure mine spoil. Maximum colonization was recorded in plants
growing in pure mine spoil and inoculated with AM (96.4%) and reduced to almost one-third in VC
(37%) and FYM amended spoil (30.4%). At higher levels of root colonization increased foliar Fe
concentration (r= 0.992, ,P<0.01; n—9) was observed while, total plant biomass and shoot/root ratio
decreased (r

0.905, r = -0.848 resp., P< 0.01; n=9). MD increased significantly with increasing percent

colonization (r= 1.000, F<0.01; n=9). Results indicate that M. peltata plant growth is dependent on AM
colonization in pure mine spoil, while in case of amended spoil no MD was recorded (Fig. 1).
D iscussion:

Although iron ore mine tailings are found to be devoid of organic matter, plant available N, P and K, M.
peltata seedlings have the ability to survive without any mortality but with limited growth. The addition

of FYM and VC in mine spoils significantly increased soil nutrient levels and plant growth. FYM proved
to be more efficient than VC in enhancing M. peltata growth in mine spoil. N content in spoil was highest
when amended with FYM thereby increasing plant biomass and promoting plant growth. Results of our
study indicate that low pH and low nutrient levels of pure mine spoil and increased Fe uptake are the
three major factors affecting plant growth in iron ore mine spoils. The acidic pH of pure mine spoils may
be attributed to the presence of pyritic minerals (FeS2) that get oxidized to sulfuric acid when exposed to
air and water (Pulford, 1988). Soil pH is usually the most important factor that controls the bioavailability
of heavy metals and its uptake by plants (Wang et a l 2012). Low pH often renders the medium hostile for
plant growth and as seen in this study, a strong positive correlation of pH with all plant growth parameters
suggest that it may be directly or indirectly affecting plant growth. A pH range of 6 to 7 is said to
stimulate microbial activity and nutrient availability (Braddy, 1988) and this necessitates the use of
organic amendments in mine spoil to make it suitable for plant growth. Chaoui et a l (2003) also observed
8

tha, earthworm casts and compost amendments significantly increased P and K uptake in TrUiam
aestivm L, compared to either non-amended control or the mineral-fertilizer used. Humic substances, as

.

major part of compost, can reduce metal solubility by formation of stable metal chelates (Janos a al.

2010). Many studies have also shown that organic amendments transform the soluble/exchangeable forms
to organic-bound fractions and consequently decrease bioavailability and phytotoxicity of metals and
uptake by plants (Wang et al. 2012). Fe is mobile under acid conditions and by raising the pH with VC
and FYM amendment its bioavailability may be reduced (Im-Erb et al. 2004). Also, P has a strong
tendency to absorb metals (Kabata-Pendias and Pendias 1984) and phosphate compounds are generally
considered the most common amendment to precipitate heavy metals effectively in contaminated soils or
water (Park et al. 2011). In the present study a strong negative correlation between soil P and foliar Fe
confirms that high soil P in amended spoil contributes to the reduced availability and uptake of Fe.
Therefore, although soil analysis reported higher levels of Fe in amended spoil its uptake was reduced due
to the increase in organic matter and pH. Istvan and Benton (1997) suggested that 0 500 pg/g of Fe
concentration in tissue is toxic to plants. Therefore, accumulation of D 500 pg/g Fe in leaf tissue may be
the reason for reduction of plant growth in pure mine spoils. This suggests that soil pH and soil P content
play a vital role in controlling Fe uptake and accumulation in plants and ultimately plant growth. Also, the
survival of M. peltata in mine spoil while accumulating such high Fe concentrations gives us an insight
on the phyto accumulating potential of this plant. A lower plant root/shoot ratio in amended spoil suggests
that root growth was suppressed in non-limiting nutrient conditions while promoting shoot growth and
this may be attributed to the easy availability of nutrients in the vicinity of roots. Root/shoot ratio is
influenced significantly by soil P and N levels. Most species allocate more biomass to roots and form
modified root structures to maximize P acquisition in low fertility soils (Lambers et al. 2006). Under low
nutrient regimes prevailing in pure mine spoil root growth was enhanced thereby increasing the root/shoot
ratio. Ericsson (1995) also observed favorable root growth of Be,ala peadula plants when soil N and P
were the major growth constraints and also suggested that, the internal balance between the labile N and
9

c d e f i n e s how dry matter is being partitioned in ptants. Higher root/shoot ratio was found at
increasing foliar Fe concentrations indicating higher susceptibility of shoot growth to toxicity as
compared to root growth.
A positive mycorrhizal dependency (MD) in pure mine spoil suggests that M. peltata plants benefit from
AM fungal inoculation in terms o f increased total biomass. Upon addition of amendment a negative MD
reveals that AM inoculation imparts no benefit to plant growth. Such negative growth responses under
conditions of non-limiting nutrient availability, especially P, after fertilizer application is often noticed
(Thingstrup et al. 1998; Kleikamp and Joergensen 2006) and may be attributed to the suppression of root
growth as observed under these conditions. This may be due to high amount of mineral nutrients supplied
by the added amendments readily available in the vicinity of roots for direct uptake. A 60% reduction in
AM colonization was observed in amended spoil compared to the pure mine spoil. This reduction may be
attributed to the high P levels in the amendments that are known to lower AM colonization levels (Smith
et al. 2011). Pemer et al. (2006) also recorded a reduction in AM colonization with increase in supply of

mineral nutrients. Thus, in these cases AM does not play a major role in nutrient uptake. However, up to
20% of the assimilated C from the plant is translocated to the fungal symbiont for the formation,
maintenance and function of mycorrhizal structures (Wright et al. 1998) thus, causing a growth reduction
in amended spoil. It was noticed that in all cases AM inoculated plants showed an increased P uptake, as
AM fungi can take up P from fixed forms also such as Fe- and Al-phosphate (Bolan, 1991). AM fungi
have a protective role for plants, growing in heavy metal contaminated sites, as they can bind heavy
metals into their extramatrical mycelium, thus preventing heavy metal translocation to shoot tissues
(Kaldorf et al. 1999). However, in the present study AM fungal species G. irregularis had no significant
effect on Fe acquisition in h i peltata plants. Fe acquisition in plants strongly depends on expenmenta!
conditions such as type of plant and fungus, soil pH (Treeby, 1992: Clark and Zeto 1996), P supply and
soil temperature (Raju et al. 1990).
Conclusion:
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Macaranga peltata plants are tolerant to nutrient deficient conditions emerging as a phyto accumulator of

Fe. Organic amendment of mine spoil is essential for hastening and improving plant growth. Our study
suggests the use of FYM is superior to VC as a mine spoil amendment resulting in greater plant biomass
production. Soil pH and P concentrations play a major role in controlling metal phytotoxicity and plant
growth
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Tables:

Table 1: Physico-chemical properties of mine spoil with various amendments at the beginning of
the experiment (MS= Mine spoil, FYM= Farm yard manure, VC= Vermicompost).

Table 2: Seedling growth in M. peltata in amended mine spoils recorded after one year (MS= Mine
spoil, AM = Arbuscular Mycorrhizae, FYM = Farm yard manure, VC = Vermicompost).

Table 3: Nutrient status of plants growing in amended mine spoil (MS=? Mine spoil, AM =
Arbuscular Mycorrhizae, FYM = Farm yard manure, VC = Vermicompost).

Figure Captions:

Fig. 1 Percent Colonization and Mycorrhizal Dependency (MD) of M. peltata plants grown in pure
mine spoil (MS) and amended spoil. (Mine spoil amended with Farm yard manure (MS+FYM) and
Mine spoil amended with Vermicompost (MS+VC)). Bars in grey indicate percent root length colonized
by R. irregularis, while bars in black indicate mycorrhizal dependency of M. peltata plants in different
substrates. Mean values following the same letter are not significantly different at F<0.05 for percent
colonization (n=5).
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Table 1: Physico-chem ical properties o f mine spoil with various am endm ents at the beginning o f the experim ent (M S= M ine spoil,

FYM= Farm yard manure, VC= Vermicompost).
Soil

MS

PH
4.40b±0.69

EC

oc

N

P

K

Zn

Fe

Mn

Cu

dS/m

(%)

(%)

(Pg/g)

(Pg/g)

(Pg/g)

(Pg/g)

(Pg/g)

(Pg/g)

0.02c±0.01

0.48°±

9T67b±0.92

0.0C±0.0

9.75b±2 33

6.39c±1.86

0.0b±0.0

0.06° I M

(trace)

0.01
MS+FYM

6.46a±0.06

1.03b±0.15

3.13a±

0.56a

6.30a±0.20

1.64a±0.13

1.77b±
0.30

32.78a±

(trace)

(trace)
92.5a ±8.87

4.64b±0.73

52.58a±6.42

25.16b±5.67

0.89b±0.61

59.20a±5.72

43.94a±6.36

2.55a±1.25

5.44

0.35
MS+VC

F

0.17b

56.62a±

73.79a

16.09a

6.71

±15.33

±2.56

Mean values followed by same superscript are not significantly different at P<0.05.
± Standard deviation, (n = 3).
N values are derived from a composite sample.

T able 2. Seedling growth in M, peltata in amended m ine spoils recorded after one year (M S= M ine spoil, AM = A rbuscular M ycorrhizae,
FY M = Farm yard manure, VC = Vermicom post).

Treatments

Plant height

Stem diameter

Leaf area

Plant biomass

(cm)

(cm)

(cm2)

(g/plant)

MS

14.07d ± 3.51

1.19d ±0.18

24c± 11.34

0.92d ± 0.37

1.21* ± 0.08

MS+AM

13.62d± 2.51

1.28d ± 0.19

28c± 7.52

l,59d± 0.26

1.33a± 0.05

MS+FYM

78.53a± 8.46

5.30a ± 0.35

235a± 68.07

64.6a ± 9.62

0.89b± 0.05

MS+FYM+AM

66.26b± 4.70

4.48b± 0.47

245a± 56.82

46.2b ± 7.77

0.85b± 0.08

MS+VC

65.80b± 5.63

4.59b±0.37

176b± 38.04

41.8^ ±5.62

0.70° ±0.07

MS+VC+AM

56.16° ±4.56

3.80°± 0.43

21 l a± 14.03

32.07° ± 8.61

0.82b° ± 0.09

Root: Shoot

Mean values followed by same superscript are not significantly different at P< 0.05.
± Standard deviation (n =10 for Plant height, Stem diameter & Leaf area; n=3, n=4 for Plant biomass & Root:Shoot ratio).

Table 3: Nutrient status o f plants growing in amended mine spoil (MSN M ine spoil, A M = Arbuscular M ycorrhizae, FY M = Farm yard
manure, VC = Vermicompost).

C

N

P

K

Fe

Zn

Cu

Mn

%

%

%

%

(Pg/g)

(Pg/g)

(Pg/g)

(Pg/g)

44.1 " 0.86d

0.03d ±0.01

0.29c± 0.03

594.67a± 50.38

51.93ab± 7.73

6.55bc± 1.38

183.95ab± 66.91

MS+AM

43.9

1.01°

0.03d ±0.01

0.30° ± 0.09

497.8a± 126.12

52.55“ ±12.10

7.75ab ± 1.73

202.95ab± 44.31

MS+FYM

45.4

1.14*

0.13c± 0.02

0.48a ± 0.03

171.86b± 23.40

37.33°± 0.16

8.86ab± 1.70

146.1 l ab± 37.56

MS+FYM +AM

44.3

1.13a

0.16bc± 0.06

0.49a± 0.08

112.65b± 35.59 40.52abc ± 2.43

9.9a± 0.4
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1.16a
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0.46ab ± 0.04
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42.85abc ± 9.43
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Mean values followed by same superscript are not significantly different at P< 0.05.
± Standard deviation, (n = 3).
C & N values are derived from a composite sample prepared from 3 sub-samples.
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Fig. 1 Percent Colonization and M ycorrhizal Dependency (M D) o f M. peltata plants grown in pure mine spoil
(MS) and amended spoil. (M ine spoil amended with Farm yard manure (MS+FYM) and Mine spoil amended with
Vermicompost (MS+VC)). B ars in grey indicate percent root length colonized by R. irregularis, w hile bars
in black indicate m ycorrhizal dependency o f M. peltata plants in different substrates. Mean values
following the same letter are not significantly different at P<0.05 for percent colonization (n=5)

B. P resen tion s a t C o n fe r e n c e s / S y m p o sia

1. C. R. Rodrigues and B. F. Rodrigues (2010) Micropropagation o f Trema

orientalis (L.) Blum e - potent plant for use in reclamation o f mine wasteland.
In: National conference on Biodiversity conservation in India: Status and
approaches. O rganised by IW SA a Panhala, Kolhapur, 8-10th Jan 2010 (Oral).

2. C. R. Rodrigues and B. F. Rodrigues (2011) Seed germination in T. orientalis
(L.) Blume - a pioneer plant for m ine wasteland reclamation. In: XXI Annual
Conference o f IA A T & National Seminar on Biodiversity and Climate Change,
at IMMT, Bhubaneshw ar from 2-4 Dec 2011 (Poster).

3. C. R. Rodrigues and B. F. Rodrigues (2013) Growth and nutrient status o f
Macaranga peltata (Roxb.) Mull. Arg. plants. In: National Conference on Plant
Sciences, at Parvatibai College o f A rts and Science, Goa, from 7-8
(Oral).

158

Feb 2013

C. W o rk sh o p s a tten d ed

1. Workshop on “Phylogenetics - Principles and practice” organized by the
Department o f Botany, Goa University (24th& 25th August 2013).

2. National workshop on “Scientific/Research paper writing” organized by the
National Academ y o f Sciences, India (NASI) (8th - 10th June 2012).

3. Winter school on “Plant Tissue Culture Application” organized by UGC-

Networking resource centre in biological sciences, M adurai Kamaraj University,
Madurai-Tamil N adu (8th - 22nd August 2011).

4. One day UGC sponsored workshop on “Biodiversity Awareness” organized by

the Department o f Botany, Goa U niversity (July 2010).
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