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Surface mining extensively alters the physical, chemical and biological characteristics of the soil, and therefore, the re-
vegetation of mine spoil through natural process takes a very long time and poses a major problem because nutritionally it
is a recalcitrant medium for plant growtlle review important studies on the restoration of mine spoils in the tropical dry
region of India. Through this communication, we suggest that the microbial biomass of soil is a critical factor in the recovery

of mine spoils because it plays a major role in the re-establishment of nutrient cycling. The levels of microbial biomass C,

N and P can be treated as functional indexes for soil re-developmentlafregipns have been reported to significantly
accelerate the re-development process. Ground seeding of the mine spoils with suitable tree and grass species together with
NPK fertilization has been reported to promote growth, and consequently leads to increase in biomass production.
Species-specific variations are reported to occuhénrésponse to fertilization. Relativetyreater variation has been

reported for non-leguminous, rather than for leguminous species. Furthermore, leguminous species exhibit higher growth
rates as compared to non-leguminous species. Our review also suggests that the microsite conditions on the mine spoils
exhibit differences and should be given more consideration for accelerating the process of re-vegetation and fulfilling the
post-mining land use objectives.
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Introduction natural vegetation on the mine spoil through the natural
process of succession and recuperation of soil quality
to a stage similar to un-degraded natural forest may
take a long time (50-100 years) due to the adverse
soil conditions for plant growth (Bradshat997).
everal reports have suggested that the slow recovery

Rapid expansion of human population, together with
development in technology and economy has
significantly altered the terrestrial biosphere by

processes such as environmental pollution and fores

degradatiog (Sing? angoqcl)ha_l,clhg%; Bral_ ?s;?m;_ of mine spoil is largely due to constraints in microbial
Parrotta and Knowles, 1; Chanu - 20178; growth (Lindermann et gl1984; Smejkalovat al.,

Chaturvediet al., 2017b). One of the processes 2003; Kavamura and Esposito, 2010), and the

associated with the economic development is Surfac%/egetation succession (Jha and Singh, 1991; @ingh
mining, which leads to drastic alteration in biological, al.. 2002:Tordof et al. 2000 Pande;} and Maiti

physical and chemical properties of the soil, and 2008). Mining eliminates plants, removes soil by

_therefore, natural recovery of these altered Systemsexcavation, alters microbial communities, reshapes
|sgger1eral(ljyrz]:1 slowgzt:)r(]:ejs _(Cl:(m)ggg_’ 19i8; Dowr:, landforms, and disrupts surface and subsurface
1 75: Bradshaw an . adwic , 1980; Roberts gtal. hydrologic regimes (Herath et a009; Sheoran et
1981; Marrs et a).1981Ahirwal et al, 2017a), and al., 2010; Shrestha and Lal, 201Mining indeed is

resembles the primary succession on natural material%)ne of the most notable forms of human-caused
(Bradshaw 1983; Wali, 1987). Establishment of ecosystem degradatiofsiccording to Ghose (2001)
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and Maiti (2012), more than 90% of coal in India has Sheoraret al, 2008). The stone content in overburden
been mined through open strip mining methods makingdumps may be rather high and range between 35%-
massive degradation of forest land inevitable. When65%, with an average value of 55% (Maiti and Ghose,
the desired material is removed, original soils are lost2005). The content of coarse particles (larger than 2
in the process, or they are deeply buried by wastesmm) in a typical mine spoil varies between less than
In the open cast coal mining huge amount of infertile 30 to more than 70% and depends on the hardness of
overburden material is dumped on the nearby unminedock, blasting techniques, and process of spoil handling
land; creating a major problem in rehabilitation of such (Sheoraret al, 2010). Ghose (2005) reported 66%
heavily disturbed ecosystem. Overburden dumps aresand content and only 8.6% clay in a mined soil. Singh
characterised by such factors as increasedet al.(2004a) and Singh and Singh (2006) reported
bioavailability of metals, more sand content, lack of 80% sand and onlyl®% clay at the Singrauli Coal
sufficient moisture, increased bulk densignd field India. It is known that compared to the fine
relatively low soil organic matter (Sheoran al, textured soils, sandy mine soils hold less nutrients and
2010).Acidic dumps can release salt or may contain water

sulphidic material, which can generate acid-mine-
drainage (Ghose, 2005). There are multiple effects
of mine wastes: geo-environmental disasters, pollution : )
of water and ajisoil erosion, toxicitybiodiversity loss, al, ,1984; Heras, 2009), r_educes erospn p_otentlal
which ultimately leads to economic loss of the country (Elkln_s et al, 1984), and induces stab|I|z_at|on .Of
(Wong, 2003; Sheoraet al, 2008).The physico- organic carbon andilo.ng-term_ sequestration €Bix
chemical characteristics of mine spoils are al., 2004). When mining begins and the naturally

unfavourable, containing low organic matter content, eX|str|]ng s|0|I layers are removed ar;)d sti?cl;plled at q
thereby creating rigorous conditions for the growth another place, aggregate structure breaks down an

of microbes and plants (Jha and Singh, 1993; Sigh the n.ewly formed soil_becomes pompact reducing
al., 1995; Singlet al, 2002; Singfet al, 1996; Singh aeration and water holding capachdicro-aggregates

and Singh, 1999). Sometimes the mine spoil conditions'€ More stable and resilient than macro-aggregates,

become highly variable, both within and among sites, 85 t_he organic matter involved in bl_ndmg the saill
and similarly the vegetation is also found extremely particles together occupy the pores which are too small

variable (Gibson, 1982). In the mine spoil microbial for microorganisms to reside (Gregorital, 1989).

diversity and nutrients are very poor and biologically Several factors such as; the sampling time, dump

it is toxic (Vali, 1975; Singh and Jha, 1993), therefore, height, presence o_f stone, organic c_arbon
to prevent the contamination of adjoining agricultural concentration, and the litter layer texture and thickness
lands and rivers from the harmful leachates. " the dump surface influence moisture content in a

stabilization of mine spoils is needed. _dump (Donahuet al, 1990)._The moisture content
in the overburden dumpduring the peak summer

Weathering and oxidisation of rock fragments season (May-June), has been reported as low as 2-
can lead to rapid changes in the pH of a given mine3% (Maiti et al, 2002). Furthermine spoils are
soil (Sheoraret al, 2010). pH is abruptly lowered generally compact and are characterised by high bulk
when Pyritic minerals (FgBoxidize into sulfuric acid,  density because of which plant growth is limited since
while the pH becomes high when carbonate (Ca/most species are unable to extend roots effectively to
MgCO,) rocks and minerals weather and dissolve. deeper layers (Maiti and Ghose, 2005).
Maiti and Ghose (2005) have reported a pH of 4.9 to _ L , _
5.3 inthe dumping site of a coal mine situated in Central . T_he primary objec_tlve of re-vegetation of mine
Coalfield Limiteds (CCL), North Karanpura, Ranchi spoils is to control erosion through plant cover in t_he
district, India which indicates the acidic nature of the short-term and development of a self-sustaining

dump At pH lower than 5, Maiti (2003) has observed community through re-colonization of native plantsin
increased bio-availability of toxic metals such as the long-term. Reclamation is argued to be an effective

cadmium, nickel and lead. The three major way to improve SOi.I quality in mining areasriﬁ'athi_
macronutrients, N, P and K are generally deficient in etal, 2016). The mine spoils lack most of the physical,
Al du’mp;s (Coppin and Bradsha@s?: chemical and biological characteristics of normal soils,

Soil aggregation controls soil hydrolggyfects
soil diffusion and nutrient availability (Lindemagnh
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and the results of the changes in soil structure and As already mentioned, natural restoration is a
nutrient accumulation during ecosystem re- slow process (lverson akdali, 1982; Jha and Singh,
development are observable in terms of changes inl991; Jha and Singh, 1992), but it can be accelerated
biomass levels and in species composition (Bradshawby planting trees and herbaceous species. This two-
1983). Successful reclamation can be evaluated intiered vegetation elevates the mine spoil bio-diversity
many ways, but soil quality is among the most and biological fertility (Singhet al, 1996).To
important indicators of restoring functional overcome the problem of nutritional deficiency
ecosystems. Maharana and Patel (2013) followed theertilizers are often applied. Several studies have
soil reclamation process over a period of 10 years inreported increase in biomass and productivity of
the Basundhara (west) open cast colliery of Mahanadinerbaceous species after fertilization (Schoenkebltz
Coalfields Limited (MCL), Sundargarh, Odisha and al., 1992; Pihaet al, 1995; Singhet al, 1996).
reported a progressive increase in clay content, wateHowever fertilization exhibits variable &fct on the
holding capacity and soil organic carbon, and estimatedgrowth of woody species planted on mined larah@V,

that the mine spoil at their study site shall take 1981).

approximately 28 years for the soil features to become
similar to adjoining native forest soil through the
process of reclamatiofripathiet al.(2016) reported

significant increase in soil organic carbon and microbial ecosystem which is na_tlve to the area (ChambEr;
biomass carbon (MBC) with increasing age of re- al., 1994). In the ecological restoration process, major

vegetation: between 2009 and 20dbove-ground focus is given towards the species persistence through

biomass increased 23 times and below-groundnatural recruitment a_nd survival, fqnctlonlng pf food_
webs, and system-wide conservation of nutrients via

interactions among animals, plants and the detritivore

Long-term mine spoil restoration requires the community (Jacksoat al, 1995) After the removal
establishment of stable nutrient cycles aided by plantof top soil, soil seed-bank and root stocks are
growth and microbial processes (Sirgghal, 2002; eliminated and soil profile is disturbed, which ultimately
Sheoraret al, 2010). Soil development on reclaimed slows down the process of natural succession on mine
mine site depends on mineral weathering, andspoils (Parrotta, 1992). But it has been reported that
properties of the reclaimed soil may differ substantially the rehabilitation process may be enhanced by planting
from those of the original soils (Sencindiver and suitable indigenous species together with ground
Ammons, 2000). Litterfall and decomposition is the seeding of herbaceous flora (Siralal, 1995; Singh
starting point of development of soil organic carbon et al, 1996). Plantations can play a major role in the
and nutrient stocks, therefore the surface horizon ofrehabilitation of spoils (Singhkt al, 2002). On the
mined land can be used as a proxy to determine theseverely degraded sites, plantations have exhibited
progress and success of restoration (Akala and Lalmarked catalytic effects on the development
2000). Crocker and Major (1955), Dangadral. (succession) of native forest, compared to the sites
(1977) and Robertst al. (1981) have reported which are left unplanted (Parrotet al, 1997;
nutrient accumulation as an important process ofParrotta and Knowles, 2001). Possessing variable
ecosystem development in naturally colonized spoils.growth characteristics, species vary in their stabilizing
Soil is the basis of vegetation restoration in post-miningand nutrient enriching capacityrees and shrubs
lands, and determines the direction of land use afterusually provide a permanent vegetation cover on
reclamation. Therefore, knowledge about soil mined sites with little or no aftercaferees can help
dynamics during reclamation and recovery is maintain or increase the soilganic mattemitrogen
particularly significant to guide the future ecological fixation, or decrease the erosion rate, and improve
restoration (Dutta andgrawal, 2003; Courtnegt soil physico-chemical and biological properties (Jha
al., 2009;Ahirwal et al, 2017a). Importance of and Singh, 1991; Frowt al, 2009). Howeveimpact
nutrient dynamics in the development of mine soil and of trees on soil fertility will depend on their nutrient
its role in global climate change has been recentlycycling characteristics, for example litter chemistry
highlighted (Shrestha and Lal, 20 Mukhopadhyay = and decomposition (Byaet al, 1996). Since not all
and Maiti, 2014; Mukhopadhyagt al,, 2016). the tree species are equally capable of developing in

For the long-term sustainabiljtyestoration
process at a mining area is aimed to develop an

biomass 26 times.
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a harsh mining environment, selection of species thatmicroorganisms in functioning of ecosystems has
can tolerate a wide range of climatic conditions suchattracted considerable interest towards the
as drought, high temperature, and nutrient-poor measurement of nutrients held in the microbial biomass
condition is important for restoration effort (Ahirwal (Jenkinson and Powlson, 1976; Brookeal, 1982;

et al, 2017b). Those tree species which are able toBrookeset al, 1984; Brookeet al, 1985; Powlson
grow under nutrient-poor conditions and accumulate et al, 1987; Srivastava and Singh, 1988; Srivastava
high biomass are suitable for re-vegetaion of mine and Singh, 1989; Singdt al,, 1989).

spoil (Singhet al, 2006; Mukhopadhyagt al, 2013;

Mukhopadhyayet al, 2014). Grassed?énnisetum Apcording to Mort_eno_-de_las Hereisal.(2008),
pedicellatum, Cymbopogon citrajuand legumes analysis of the spatial distribution patterns of afforested

(Sylosanthes humilis, S. hamata, Sesbania Sesbanplants on restored mine spoils may provide information
and Crotalaria junce effectively control erosion which can be used to test for the underlying restoration

in early stages of mine spoil restoration (Maiti and measures. Zhaet ?‘I' (2012) argued that the
Saxena, 1998; Maiti and Maiti, 2015). On the mine processes and spatial patterns of afforested plants

lands, grasses play both positive and negative role agrellmportadnt folr examining whethﬁr or bnot thil
besides stabilizing the soils they also compete with'mplemented rec gmauon measures have been able
the regenerating woody species. Particula@ly to dgvelop su§talnaple plant _comml_mltles an_d to
grasses have ability to tolerate drought, low soil provide theoret_lcal evidence for improving ecological
nutrients and many other climatic stresses. Fibrousrecoverytechmq_ues. Zhad)al.(_2015) have rep_orted
roots of grasses can slow erosion, stabilize soil,On the changes in t.he pop_ulat_lon structure, size class
conserve soil moisture and can resultin the formationStrUCtgre’ and_ S%a(g;l glstrlb(l;l:t)lpn pattetr)n?_t]?bmlg

of a layer of organic soil. Since, the initial plant cover pseu ogcacw( ) andPinus tabuli ormis
mainly constitutes grasses, they support the(PITA) mixed forests after a 17-year succession, in

development of self-sustaining diverse plant the Pingshuo opencast mine spoil located in Shuozhou
communities (Shet al, 2002; Singhet al, 2002: city, northern Shanxi Province, north-western China

Haoet al, 2004) and provided basic information on relevant ecological
| ' research and conduction in the vegetation restoration

. . _ of opencast coal mines.
Vegetation contributes to the accumulation of

soil organic matter and plant nutrients. Development Restored site has a large potential to sequester
of a sufficient organic matter pool to serve as N sourceatmospheric C that may vary with the climatic
and sufficient N-mineralization potential, resulting into conditions and the plant species used for reclamation
nutrient release rates that are adequate for planfLal, 2005; Pietrzykowski and Daniels, 2014). The
growth are essential for sustaining vegetation at andevelopment of vegetation cover and improvement in
acceptable level of production (Bradshaival, soil properties on reclaimed sites can result in
1986). Microorganisms contribute to the re- sequestering more atmospheric @th an increase
establishment of biogeochemical processes, and playn the age of reclamation (Amicheat al, 2008).

an important role in soil re-development and in the Howeverthe root and microbial respiration also results
maintenance of soil fertilityThe importance of in emission of CQ from soil surface into the
microorganisms in soil formation and revegetation atmosphere (Kutscét al, 2009). Soil respiration is
through their activities as decomposers and nutrientthe main source of C{deleased from the soil and it
cyclers, N-fixers and mycorrhizal symbionts has been varies with the climatic conditions, ecosystem type
widely recognized. Soil microbial biomass (a living and soil organic carbon (SOC) concentration (Rastogi
part of the soil organic matter) is an agent for et al, 2002;Vodniket al, 2009; Ota anffamazawa,
transformation of added and native organic matter2010). Ahirwal et al (2017b) have assessed the
and a reservoir for N, P and S (Jenkinson and Laddjmpact of reclamation on soil properties, accretion of
1981). In general, plants serve as an important carborsoil C and N stock, changes in ecosystem C pool and
source for the microbial community and in turn soil CQ, flux in Rohini open strip mining project located
microbes provide nutrients for plant growth through at the south of the river Damodar in Burmu block of
mineralization. Recognition of the importance of soil Ranchi district, Central Coal fields limited (CCL)
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Jharkhand. These authors reported that the fertilitynative range soils than the spoils. Jurgensen (1978)
of reclaimed mine soil increased with the age of and Cundell (1977) emphasized the importance of soil
reclamation: after 7 tallyears of reclamation, soil C microflora in ensuring satisfactory plant growth and
and N stocks increased two times, C sequestratiorsubsequent formation of soil organic matter during
rate was 1.71 Mg C htyr-1and the total ecosystem re-vegetation of strip-mined land. Srivastataal.
C pool increased at 3.72 Mg Chgr. After 11 (1989) examined the levels of microbial biomass C,
years of reclamation, soil C@ux (2.36 + 0.95.mol N and P of an age-series of coal mine spoils in a dry
m~2s~Y) was four times higher than that of the natural tropical environment. They studied five mine spoils
forest soil. Thus, these authors found that reclaimedwith different ages (5, 10, 12, 16 and 20 yr old), one
mine soil acted both as a sink and source of i6O  deforested unmined site and another natural forest
the terrestrial ecosystem. site.All sites are located within a radius of 5 km in
_ _ L o Jhingurda block, north-eastern part of Singrauli coal

In this a}rtlcle, We_ reV|ew'|m|c_>ortant flndlngs_on field (24°10'20"-24°12'31" N lat., 82°42'-82°44'30" E
the_restoratlon_ of mine spoils in the dry _troplcal long, and 350-450 m altitude) in Madhya Pradesh,
enwronmer_lt, with particular reference to India, basedlndia. Opencast coal mining in the area started after
on the stu_dles ponducted by our group at the Banaraﬁ965, but before that it had picturesque surroundings,
Hindu Unlversny Further we have used the Ferms with a high hill in the background with steep southern
restoration, rehabilitation and reclamation as slopes covered with dense forest vegetation and a
synonyms. foreground, covered with good cultivated lands cut
by the Jhingurda stream and its large number of feeder

Changes in Soil Biomass C, N and P During :
streams (Mipathi and Dutta, 1967).

Restoration

Very few studies have appeared in the literature which The physpo-chemlcal charactenstlc_:s of the_ solls
define the effects of severe soil disturbance, caused€POrted by Srivastawet al. (1989) for mine spoils,

by surface mining, on general microbiological activities th€ native forest and deforested soils are givéabie

and related soil microbial biomass. In the coal mine 1- Soil organic C contents for the native forest _and
areasyVilson (1965) investigated microbiology of non- deforested sites were 3.01 and 1.98%, respectively
vegetated, vegetated and undisturbed sites and @l N in the 5-yold spoil was only 23% of thatin
observed an increase in the numbers of actinomyceted€ native forest soil. M|crob|<;:1l C,NandP n the soll
and bacteria in mine spoils as vegetation becamdanged from 209to 86 C g-, 20-75.g N g~and

established. Lawrey (1977a) and Lawrey (1977b) /-291g Pg™* soil, respectivelyrhe observed values
collected fungal samples from strip-mined habitat ere greatest in native forest soil and lowest in the 5-
(non-vegetated, re-vegetated) and from undisturbed//-0!d spoil (Table 2).The biomass C, N andvere
sites, and observed very low number of fungal generaabout four times greater in native forest soil than in
in the non-vegetated habitat, due to complete absenc!® 2-yr-old spoil.

of plant litter Sroo and Jenks (1982) measured the Soil organic C reflected in the microbial biomass
microbial respiration and activities of soil enzyme in (soil microbial biomass C) was 2.9 and 2.1% in native
mine spoil in the initial stages of soil formation and forest and deforested soils, respectively (Srivastava
compared the measurements with those from nativegt 5|, 1989). These authors could not estimate the
soils. They observed less respiratory activity in ba"e”organic C value for the spoils due to coal particle
mine spoils compared to native soils. On accumulationcontamination. Howevewhen C:N ratio for mine

of organic matter and nitrogen in the mine spoils, the gl is assumed as 10.5 (like that of native forest and
activity of microbes slowly recovered. The study geforested soils), the mean value for soil organic C
showed the importance of the association betweeryeflected in biomass would be 4%, which compares
vegetation and the microbial development in the yith the range given in literature for other soils
disturbed mine lands. Hershman dreanple (1978)  (jenkinson and Ladd, 1981; Srivastava and Singh,
estimated adenosine triphosphat@Phas a factor 1988). Microbial biomass N (MBN) accounted for
for the characterization of microbial status in the coal 5 5_4 204 of the total soil N and the N concentration

strip mine spoils and found greater level\®P in in dry biomass, calculated as MB-N/2 MBC (by
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Table 1: Some pioperties of the mine spoils, the native fast and defoested soilsWHC, water holding capacity; TSN, Total
soil N. (Source: Srivastaveaet al, 1989)

Site Root biomass pH WHC Gravimetric TSN Mineral N NaHCQs-Pi
(gnmd (%) soil water (%) (%) (Mg g?) (hg g

Forest soll -t 6.4 52 8.6 0.291 16.4 15.0

Deforested soil - 7.3 46 2.9 0.186 14.8 9.2

5 yr old spoil 284 7.7 52 4.6 0.068 5.8 5.0

10 yr old spoil 342 7.9 45 2.9 0.074 7.6 7.3

12 yr old spoil 537 8.1 46 4.2 0.077 7.9 7.0

16 yr old spoil 485 8.1 48 2.6 0.082 9.9 8.4

20 yr old spoll 553 7.9 50 54 0.086 15.6 8.9

t- not determined

Table 2: Microbial biomass C, N and P contents of mine spoils, native forest and deforested soils. MBN, Microbial biomass N;
TSN, Total Soil N. (Souce: Srivastavaet al, 1989)

Site C N P C:N C:P N in microbial P in microbial MBN/TSN
(Mggh) (nggh (ngg?h biomass (%) biomass (%) (%)
Forest soll 867 75 29 11.6 29.9 4.3 1.7 2.6
Deforested soil 422 40 15 10.6 28.1 4.7 1.8 2.1
5-yr-old spoil 209 20 07 10.5 29.9 4.8 1.7 2.9
10-yr-old spoill 276 23 10 12.0 27.6 4.2 1.8 3.1
12-yr-old spoil 356 28 12 12.7 29.7 3.9 1.7 3.6
16-yr-old spoill 360 32 13 11.3 27.7 4.4 1.8 3.9
20-yr-old spoil 496 36 16 13.8 31.0 3.6 1.6 4.2

assuming that dry biomass contains 50% C (Brookeset al, 1984) and may indicate that the quality of the
et al, 1984), ranged from 3.6-4.8% 4fle 2). biomass was similar across sites. Biomass P in the

Variability in the total soil N explained 89.7% of the study of Srivastavet al.(1989) was positively related
variance in biomass N éble 3) This compares with ~ With biomass C, biomass N and bicarbonate soluble
80% obtained by Brookest al.(1985) for a similar ~ Pi in the soils (&ble 3. MBC (ug g) can be
relationship involving 20 arable soils. Microbial Predicted with some confidence?(R0.993, P < 0.01)
biomass N was also positively related with biomass from the more easilineasurable MBR.g g™*) using

C and mineral N (able 3). No data on the N the following regression:

concentration in biomass and total soil N reflected in MBC = —17.49 + 30.47 (+ 1.06) MBP

the biomass for mine spoils are available in the
literature. Howeverfor sandy soils under continuous In the study of Srivastavet al. (1989), while
cropping in the U.K., 2-6% of the total soil N was inorganic N explained only 62.7% variability in the
found as biomass N (Brookesal, 1985). The values  biomass N, inorganic P explained 97.8% vaiability in
reported in the study by Srivastaetal. (1989) are  the biomass.FSignificant relation was howeverot
within this range. observed between P concentration in biomass and
NaHCQ,-Pi in the soil. Brookeet al. (1984) also
found no relationship between P concentration in
biomass and bicarbonate soluble Pi and suggested that

In these soils, the concentration of P in the
biomass, calculated as MBP/2MBC by Srivastetva
al. (1989), ranged from 1.'6 0 1'8.% (C:P ratio from factors other than soil NaHC@i determine the
27.61031.0, X=29.1). This range '? narrow compared,, centration of P in the biomass. The soil microbial
to other reports (Brooke al, 1984; Sarathchandra biomass can be characterized by a mean C:N:P ratio
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Table 3: Regression equations Y = a = bX) for relationships among micobial biomass C, N, Pmin-N, NaHCO,-Pi, TSN
(total soil nitrogen) and oot biomass. Values-for root biomass ae in g nt2 and for spoil age in yr All other values ae in pg
g soil. (Source: Srivastaveet al, 1989)

Y X a b SE R

Biomass C Root biomass -14.84 0.80 0.222 0.814*
Biomass C Spoil age 111.34 18.10 0.878 0.929
Biomass N Biomass C 0.45 0.08 0.007 0.966
Biomass N TSN 10.38 0.02 0.003 0.897
Biomass N Mineral N -1.04 3.35 1.155 0.627*
Biomass N Spoil age 13.72 1.12 0.112 0.970
Biomass P Biomass C 0.49 0.03 0.001 0.993
Biomass P Biomass N 0.86 0.38 0.023 0.980
Biomass P NaHCQ,-Pi -4.78 2.23 0.148 0.978
Biomass P Spoil age 4.29 0.58 0.049 0.979
TSN Spoil age 620.53 12.18 0.039 0.993

*Significant atP< 0.05All other R? values are significant & 0.01

of 29:3:1 and is determined largely by total soil N number of different mine spoils under re-vegetation,
(TSN) and NaHCQPi (R = 0.976, P < 0.005) reported increasing number of actinomycete and
according to the following equation: bacterial population in mine spoils as vegetation
_ establishedvegetated spoils had tger populations
MBC =-167.10 + 69.83 Pi-104.35 TSN of important physiological groups of bacteria viz.,
where, MBC and Pi are jng gtand TSN is in %. ~ ammonifiers, cellulose decomposers and denitrifiers
as present in un-vegetated mine spoils. Stroo and Jenks
All the three parameters of soil microbial (1982) reported that parameters such as organic
biomass (C, N and P) were greater in the native foresinatter and N in soil are good indexes of microbial
soil as compared to the mine spoils (Srivas&\a, activity in the areas which are re-vegetated. They
1989). The reduction in microbial nutrients in the mine observed that after twenty years of re-vegetation,
spoils are commonly due to the lack of (i) a topsoil microbial activity in the surface soil of re-vegetated
layer and its associated plant components, (ii) mining sites was very close to levels found in
favorable nutrient levels and (iii) active microbial undisturbed sites.
system (Vsseret al. 1983). Hendrick andVilson . o
(1956) have also reported G@fflux rate lower in Srivastavaet al. (1989) found positive
strip mined spoils as compared to undisturbed soils@Ssociation of total soil N and microbial C, N and P
and argued that this may be due to lack of sufficientWith the age of spoils @ble 3).The recovery of total

N in mine spoils. soil N during the 20 yr of spoil age in the study of
_ _ _ Srivastavaet al. (1989) was 0.0012% per.yFhis
In the spoils studied by Srivastaataal.(1989),  rate is markedly faster as compared to the rates

the root biomass ranged from 284 to 553 glmeing  obtained byWoodmanseet al.(1980) who estimated
highest in the 20-yr-old and lowest in the 5-yr-old spoil that it will take 2160 yr for the soil N pool to reach the
(Table 1). Root biomass directly provides carbon andlevel of native soil for NorthAmerican spoils.
nutrients for the development of soil microbial Microbial activity reflects the critical genetic process
population through secretions of organic compoundsof organic matter and nutrient accumulation (Schafer
and upon mortalityTherefore, the relationship et al, 1980). Microbial biomass growth on residues
between root biomass and MB-C was positiva{&  increases turnover of soil organic matter by concurrent
3). Wilson (1965), in a study involving a number of mineralization, immobilization and stabilization
years on general microbiological characteristics of areactions (droneyet al, 1989). Powlsoet al.(1987)
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haveemphasizethat measurement of soil microbial Tripathi et al. (2009) assessed the impact of
biomass can provide an indication of changes in totalunderground mining subsidence on the soil
soil organic matter long before the reliable detection characteristics with emphasis on nitrogen
of changes in total soil C and M/e suggest soil transformation, microbial biomass N (MBN), fine root
microbial biomass as a critical factor for the recovery biomass and root tips counts. The study sites (5B
of mine spoils as it helps in the nutrient cycling re- incline Mine spread over an area of 2.85°kiare
establishment. The levels of biomass C, N and P carocated in Singareni Coalfields of Singareni Collieries
be considered as functional indexes of soil re- Company Ltd. (SCCL), Kothagudem (Andhra
development. Pradesh, India) at 17°32' N latitude and 80°42' E
o _ _ longitude. In their study design, they seleciee plot,
Impact of Post-mining Subsidence on Nitrogen 100 x 100 m in size, in undisturbed forest (undisturbed
Transformation microsite) and one plot, 10 x 10 min size, each, in the

In India, the total annual coal production was estimateg@diacent slope and depressed microsites of the
at 325 million tonnes during 1994-1995 and 417 million Subsided panel area. They collected five soil samples
tonnes by 1999-2000, with the contribution of opencast@t random, from upper 0-10 cm, from each of the
at about 252 million tonnes (Banerjee, 199%).a undisturbed microsite and adjacent slope and

consequence of increased demand for coal in India d€Pression microsites for rainy season (August), for

more and more coal is being obtained also from winter season (December) and for summer season

underground coal mining; this created a large amount(May) during 2004-2005.

of land subsidence which covered large area of The study byTripathi et al. (2009) showed
Subsidence may be described as movement of th@haracters of soil as affected by subsidence, which
ground surfaces due to re-adjustments of theyas demonstrated by differences among the
overburden after the collapse or failure of undergroundndisturbed and the two subsided microsites. For
mine workings. It IS an abrupt depression of local example, compared to the undisturbed microsite, soil
of the overburden into an underground void. of finer soil particles (silt + clay), soil organic C, total
Subsidence can occur due to pjltaof, or floor failure, N and P were lower in slope microsite and higher in
particularly in older mines (Bauet al, 1995). depression microsite, and the BD (bulk density) was

Effects of subsidence have been reported onhigher in slope microsite and lower in depression
agriculture land in lllinois (Darmodgt al, 1989), microsite (Rble 4). Due to formation of cracks along

United Kingdom (Selman, 1986), China (Hu and Gu, the edge of the panel surface water infiltration

1995), SouthAfrica (ven der Merwe, 1992), and increases due to subsidence. In a study by Smart
Australia (Holla and Bailey1990). These efcts (2003), the soil drainage improved after subsidence.
include soil erosion, disruption of surface and The subsided panel contains maximum soil moisture

dn the centre of the panel compared to the microsites
which are undisturbed (CMLR, 2001) gfle 5).
Tripathi et al. (2009), agued that the greater C and
N contents observed in the depression microsites
maybe partly due to accumulation of plant parts

subsurface drainage, wet or ponded areas, an
reduction of crop yields. Large cracks mostly develop
at the surface of soil after subsidence, which can
create a hazard and can considerably alter soi

hydrology The disturbances created by subsidence ) i ) .
have also been observed to alter N availabifityr including leaves and litter from the drying trees tilted
example, higher rates of N mineralization and towards depression microsite and surface run off

nitrification have been observed in the intact tropical °'9anic matterBesides, the plants uprooted in the
forests compared to agricultural sites (Picalal. slope microsite add dead roots, dried stems and leaves
1994 Reinerst al. 1994 Neillet al. 1995 Neillet which increase the amount of organic matter ultimately

al., 1997), which suggests that N availability is getting accumulated in depression microsite. Higher

maximum (Nadelhoffeet al, 1983), where there is clay content in depression microsites increases the
low anthropogenic disturbance. WHC and promotes accumulation of organic C and
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Table 4: Physico-chemical characteristics of undisturbed, with soil moisture and rainfall.
slope and depression microsite soils in the coal mine spoil

located in Singareni Coalfields of Singareni Collieries In the study offripathiet al (2009), MBN was
Company Ltd. (SCCL), Kothagudem (Andhra Pradesh,  |ower in slope microsite due to lower growth of plant
India). (Source: Tripathi et al, 2009) roots, as exhibited by lesser number of root tips and
S.No. Parameters Undisturbed Subsided Subsided ~ |OWer fine root biomas#iccording to Garbevat al.

microsite  slope depression  (2004), root tips and young roots are the main sites
microsite microsite  for microbial growth. Thus, young roots provide the

pH 6.17 5.93 6.01 highest amount of organic C available for microbial
Soil texture (%) growth. Greater concentration of clay and more soil
>0.2 mm 67.00 72.00 65.00 moisture in depression microsite may also be partly
0.2-0.1 mm 21.00 18.00 22.00 responsible for higher MBN in depression compared
<0.1 mm 12.00 1000 13.00  to slope microsite. Several studies have found a
3. WHC (%) 32.24 28.64 3450  positive correlation between clay content and MBC
4, BD (g cnt) 1.14 1.20 0.98 (Poret-Petersomrt al, 2007; Merckxet al, 1985;
5. Organic C (ugg) 18400.00 16800.00 20800.00 vanVeenet al, 1985; Kaiseet al, 1992?, presumably
6.  TotalN (ug gY) 153000 1265.00 2140.00 duetogreater capacity of clay to retain organic matter

in the form of substrate for microbial growth

Table 5: Mean seasonal and mean annual moisture contents (%) in undisturbed, slope and depression microsites in different
panels. (Souce: Tripathi et al, 2009)

Season Panels Mean annual
MK-4 A-19 5 B N-18 MK-4 Y-12
Rainy Winter Summer Rainy Winter Summer Rainy Winter Summer
Undisturbed microsite 10.12 6.14 4.35 1089 7.4 391 1132 6.56 4.1 7.33
Subsided slope microsite 5.22 4.0 1.78 6.36 4.93 2.42 7.62 4.89 2.16 4.37

Subsided depression microsite  12.35  10.8 8.58 12.85 11.65 8.46 12.68 9.92 7.86 10.56

total N in soil. (Marshman and Marshall, 1981). Soil moisture strongly

Prescotet al.(2000) suggested that on coarse- correlates with soil microbial biomass (Luizsial,
textured soils, the already slower accumulation of 1992; Srivastava, 199%yardle, 1992). In the study

organic matterC and N is further constrained by byTr?path'iet aI.(2009)', MBN was posjtively related
slower N cycling. The reason behind presence oftf) soil moisture, organic C, fine root biomass and root
higher fine root biomass in subsided depressiontIpS (Table 6).

microsite could be the greater root proliferation due Higher rates of nitrification and N-mineralization
to higher soil moisture and maximum accumulation of j, depression microsite may be due to high organic C,
organic matter run-off from the slope microsite. fine root biomass, total N, microbial biomass and
Converselythe damage to fine roots is comparatively moisture content. Roots make a continuous
high in the slope microsite due to high tensile strain. contribution to soil organic matter through decay and
Number of root tips in depression microsite was theijr annual contribution to the organic pool can be as
substantially higher than slope and undisturbed high as that from above-ground litter (Nadelhoéer
microsites presumably due to higher soil moisture andg 1985). Growing roots of plants release
below ground biomass. Furtheripathietal.(2009)  considerable amounts of organic carbon into the
found a higher ground vegetation density on depressionthjzosphere (Noble and Randall, 1998). High soil
microsite also leading to higher density of root tips. erosion could also lead to the lower rates of nitrification

For a dry tropical forest, Singh and Srivastava (1985) and N-mineralization in slope microsite. Jiaal.
observed positive correlation of the root tip density



798 R K Chaturvedand J S Singh

(1996) emphasised that in erosional soil, the contactTilman, 1985). Croxton (1928) and Bramble and
between plant residues and microbes is reducedAshley (1955) noted that spoil characteristics affect
causing lower decomposition rate, which results into the rate of development and composition of the
reduced inputs and increased outputs of organic mattecommunity The natural development of the vegetation
in the erosional soils. In the study Bsipathi et al. communities on mine spoils may not exhibit a simple
(2009), there was a positive relationship of N- successional scheme, but may rather represent a
mineralization with soil moisture, organic C, total N vegetation complex responding individualistically to
and microbial biomass éble 6). environmental conditions (Glenn-Lewin, 1980).
. _ . Nevertheless in several situations an ordered
_T he post-_mmlng land sgpsﬂence alters_the soll development of soil and vegetation may occur (Roberts
physico-chemical characteristics, fine root blomass,et al, 1981: Marrset al, 1981). In some cases
n_itrogen transformation rates and the_microbial succession may stagnate at a given stage. Schafer
biomass on land surfagkithough many studies show and Nielsen (1979) found stagnated half-shrub/annual

theb %etnment:l f'm.ﬁ’.ath of_lun_dertg);_r(l)und mine grass seral stage due to sandy soil texture on a 50-yr
subsidence on the fertility of soll, microbial community spoil in southern Montana. Here we present the

and also plant biomass, a positive impact with respectStuoly conducted by Jha and Singh (1991), who

to §r)|tljlphyilpo-tch?m|cal ::Egracterlsngs, ptlri[l_nt assessed the changes in spoil characteristics, species
avaliable nutrents, fin€ root blomass and root tips composition and plant biomass in an age series of

countwas found in the study Gipathiet al. (2009). coal mine spoils in a dry tropical environment in India.

Anincrease in soil moisture enhances the production-l-he study area of Jha and Singh (1991) is located in
of fine root biomass, root tips and soil microbial Madhya Pradesh, India, at Jhingurda (24°10'20"-
biomass in subsided depression micro sites, which, o1 51314 N\ |at a’nd 82°’41'-82°44'30" E long.). In

leads to an increased nutrient supply rate due tOhis studyan age series of coal mine spoils (5, 10, 12,

enhanced nitrification and N-mineralization. These ;4 4 20-yr old) were selected as the study sites
positive changes in vegetation properties and soilAmong the 5 sites, two sites 10 and 12-yr old were
characteristics directly reflect the influence of fenced in May 198,7

subsidence on dry tropical forest ecosystems.

Influence of Age on Spoil Characteristics and

Spoil Characteristics and Vegetation Vegetation

Development in Time

Time is i : on b fits di The proportion of coarse particles (> 2.0 mm) was
Ime Is Important in succession because of its IreCthigher in mine spoils compared to native forest soil

effect on species occurrence and abundance (EglerTabIe 7)The proportion of coarse particles decreased
1954; Connell and Slatyet977).Time-dependent ( )The prop P

h : abil q IWith the age of mine spoils (R = -0.943, P < 0.05)
changes in resource availability are argued to controlyj e proportion of 0.2-1.0 mm particles increased

succession (Christensen and Peet, 1B8dan, 1982; with age (R = 0.957, R0.05) (Bbles 7, 8). Evidently

Table 6: Correlation coeficients (r) between various selected soil parameters. (Saer Tripathi et al, 2009)

Moisture Organic Total  Total Fineroot Root tips NO; NH,* Nitrification N-minerali-

C N P biomass  count zation
Organic C 0.991*
Total N 0.979* 0.992*
Total P 0.935* 0.935*  0.956*

Fine root biomass  0.932* 0.961* 0.986* 0.947*

Root tips count 0.959* 0.963* 0.978* 0.993* 0.963*

Nitrification 0.998* 0.982* 0.964* 0.922* 0.909* 0.946* 0.998* 0.983*

N-mineralization 0.955* 0.981* 0.992* 0.926* 0.990* 0.953* 0.953* 0.984* 0.936*

MBN 0.996* 0.996* 0.987* 0.925* 0.950* 0.954* 0.996* 0.998* 0.990* 0.975*
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Table 7: Selected physico-chemical properties of native
forest soil and mine spoils. (Source: Jha and Singh, 1991)

Forest soil Mine spoil (age in yr)
5 10 12 16 20

Soil texture (%)
>2 mm 8 25 23 24 20 18

2-0.2 mm 64 61 63 58 56 60
0.2-0.1 mm 14 5 6 8 10 10
<0.1 mm 14 9 8 10 14 12
pH 6.4 6.3 6.2 6.3 65 6.8
Water holding 52 52 45 46 48 50
capacity (%)
Gravimetric 8.6 46 29 4.2 26 54
soil water (%)
Total soil N 0.291 0.068 0.074 0.077 0.082 0.086
(%)
Mineral N 16.4 58 7.6 79 99 156
(Mg g?)
NaHCQ,-Pi 15 50 7.3 7.0 84 89
(Mg g?h)
Exchangeable 35 115 97 86 71 64
Na (ug g%)
Exchangeable 264 35 49 54 63 74
K(ng g?

Table 8: Regression equationsY = a + bX representing
relationships between spoil age and spoil characteristics.
Values forspoil age K) are in yr, for particle size distribution
in (%) and for all other characters in pg g spoil. (Source:

Jha and Singh, 1991)

Y a

b r

Coarse fragments (> 2.0 mmp8.05

2.0-0.2 mm 62.26
0.2-0.1 mm 2.106
<0.1 mm 7.573
Total soil N 620.53
Mineral N 1.621
NaHCQ;-extractable Pi 412
Exchangeable Na 130.00
Exchangeable K 22.73

—0.4801 —-0.943*
-0.21 -0.449NS
0.436 0.957*
0.256 0.643 NS
12.18 0.996**
0.6137 0.930*
0.2533 0.959**
-3.469 -0.989**
2.5609 0.991**

*Significant at P < 0.05, **Significant at P < 0.01, NS = Not

significant

following the development of vegetation and soil
processes.

Jha and Singh (1991) reported increase in total
soil N, mineral N, NaHCQextractable Pi and
exchangeable K with the age of mine spoils (R =
0.930-0.996, K 0.05-0.01,Table 8). Compared to
the native forest soils, these parameters in mine spoils
were lower even after 20 years of successiaibler
7). Exchangeable Na exhibited declining trend with
the age of mine spoils (R =—-0.98% B.01,Table 8),
however the value was greater compared to native
forest soil even after 20 years of successia@abl@

7). Sandoval and Gould (1978) observed that spoils
of North Dakota and New Mexico contained high

exchangeable Na which resulted in degeneration of
soil structure, decreased infiltration and more crusting.

Srivastavaet al. (1989) have reported an
increase in microbial C, N and P in the spoils with
age. Therefore, the biological and physicochemical
properties of the spoil improved over time. Srivastava
et al. (1989) found 26.5% increase in total soil N
between 5 and 20 years of spoil age. In Wagfinia
coal mine spoils, Jencksal.(1982) measured annual
rates of N accumulation in mine spoil under black
locust of 222 kg ha at age 5-7 years, 146 kghat
10-14 years and 171 kg Haat 16-18 years;
Vimmerstedet al.(1989) observed increment in total
N concentration upto 0.19 % for the 0-5 cm horizon
of calcareous mine soils, and for the acidic mine spoll
for the same horizon, they reported around 0.15%
increment during 30 years. Danetal.(1977) have
emphasised that the value of 700 kgthditrogen
content in the soil is appropriate for the development
of a substantial self-sustaining ecosystem in degraded
lands. In the study of Jha and Singh (1991), total soil
N varied from 830 to 1049 kg tdn the mine spoil of
5 to 20 year of age. Skeffington and Bradshaw (1981)
observed that a pool of organic N together with a
high rate of ammonification was important for
sustainable development of vegetation and prevention
of N immobilization. Marrset al. (1981) found an
increase in total soil nitrogen in the process of
revegetation on naturally-colonized china clay wastes
at Cornwall.

Plant Communities

fragmentation, redistribution and aggregation of soil jp45 and Singh (1991), reported that on the mine spoils

particles occurs gradually with the passage of time
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of different ages (i.e., sites), species with > 100 IVI participated in community formation as dominants or
were Aristida adscensionis, Dactyloctenium co-dominants. The number of species contributing>
aegyptiumandBothriochloa petusa Arbitrarily, on 1% shoot biomass varied from 2 (16-yr old spoil) to 9
the basis of IVI values, a total of four communities (5-yr old spoil). In total, three species contributed >
were identified: 79% shoot biomass on 5 yr old spa@ibgtyloctenium
aegyptium, Aristida adscensionis, Digitaria

() Dactyloctenium aegyptium-Aristida setigerd, > 90% on 10 yr old spoilAristida

adscensionis-Digitaria setigera

adscensionis, Bothriochloa pertusa,
(i) Aristida adscensionis-Bothriochloa pertusa- Dactyloctenium aegyptiymand 12 yr old spoil
Dactyloctenium aegyptium (Aristida adscensionis, Bothriochloa pertusa,

Hetempogon contoius), one speciesAristida

(i) Aristida adscensionis-Bothriochloa pertusa- adscension)s>98% on 16-yr old spoil and three

Eragrostis tenella species > 95%Aristida adscensionis, Bothriochloa
pertusa, Eragostis tenelldon 20 yr old spoilThis
is illustrative of harsh environmental conditions both

Dactyloctenium aegyptium Aristida climatic and edaphic. MacMahon (1980) has argued
adscensioniandDigitaria setigerawere the early that the combination of extreme values of
colonisersDactyloctenium aegyptium-Aristida environmental factors and the unpredictable variation
adscensionis-Digitaria setigeraas the pioneer taxes the adaptive suits of most organisms, with the
plant community observed on the 5-yr old mine spoil. result that only the existing species which have already
On the 10-yr old spoil this community was replaced adapted to these conditions participate in the
by Aristida adscensionis-Bothriochloa pertusa- succession on disturbed areas. Bradshaw (1983)
Dactyloctenium aegyptiunsommunity Thus. indicated that once the propagules arrive, the species
Aristida adscensionibecame more important which adapt the special site conditions, or the species
species an@actyloctenium aegyptiunvent to the  which show acclimatization to the extreme site
third position, whileBothriochloa pertusebecame  conditions get selected in the flora which is very
the second most important species. This samedistinct on drastically degraded lan@sthriochloa
community viz. Aristida adscensionis-Bothriochloa pertusawhich is considered as a species of high
pertusa-Dactyloctenium aegyptiuoontinued to  successional order and grows under better soil
occur on the 12-yr old spoil. On the 16-yr old spoil conditions, contributes in the formation of community
Aristida adscensionigained further in importance on mine spoils withAristida adscensionjsvhich is
and Eragrostis tenellareplacedDactyloctenium  a dominant species of degraded grasslands (Pandey
aegyptiumin the third rankBothriochloa pertusa  and Singh, 1991). Thus re-vegetating the mine spoil
emerged as the most dominant species on the 20-ywith selected species of higher successional order is
old spoil, withAristida adscensionigetting second  possible.
rank in importance.

(iv) Bothriochloa pertusa-Aristida adscensionis

Jha and Singh (1991) observed that between
Aristida adscensionigvas the most important
species which contributed in the formation of all
communities either as dominant or co-dominant. TheTabIe 9: Community coefficients calculated on the basis of
IVl of Aristida adscensionisncreased from 74.8 presence or absence of plant species for mine spoils of
) o different ages. (Source: Jha and Singh, 1991)
(on 5-yr old spoil) to 178.19 (on 16-yr old spoil) and

then decreased to 82.14 (on 20-yr old spoil). The IVI Mine spoil 5 10 12 16 20
of Dactyloctenium aegyptiunand Digitaria (ageinyr)

setigeradecreased with increase in age of the mines 100 41 37 37 29
spoils. Participation of these species however was, 100 41 35 31

not observed in the community formation on older ,,
spoils. Increase in the IVl dothriochloa pertusa

was observed from 64.74 on 10-yr old spoil to 102.23
on 20-yr old spoil. Thus, only a few species

100 38 35
16 100 35
100
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pairs of plant communities, community coefficients of succession has also been reported by several other
exhibited a decreasing trend with increase in the agevorkers (Nicholson and Monk, 1974; Bazzaz, 1975;
of mine spoil (Bble 9). Plant communities developing Pandey and Singh, 1985; Inowteal, 1987). Habitat
on the younger aged mine spoils showed moreimprovement over time evidentlieads to enhanced
similarity with each other compared to the plant species recruitment. Species evenness declined with
communities developed on the older aged mine spoilsage from 5-yr old to 16-yr old community with a slight
The turnover of communities reflects mainly the increase in the 20-yr old communifihe age pattern
changes in the relative proportions of various taxa; of species diversity was similar to that of evenness of
most of the species which were recruited at the initial species. Evidently evenness had a major influence on
phase of succession, that is, on 5-yr old spoil werespecies diversity compared to species richness. On
also found growing on the 20-yr old spoil. This the other hand, during succession, several workers
indicates that succession process on these spoilbave observed a consistent increase in species
occurs in accordance with ‘initial floristic composition’  diversity (Odum, 1969; Margalef, 1963; Monk, 1967,
hypothesis by Egler (1954) or ‘tolerance model’ of Reinnerset al, 1971). Since there is an inverse
Connell and Slatyer (1977). relationship between species diversity and
concentration of dominance, the latter was found to

Commumtycharaptensch, wz._spegll_es r'(‘fhnessdincrease upto 16-yr age and then declined in the 20-
concentration of dominance, species diversity an )sr old community

evenness for the sites studied by Jha and Singh (1991
are summarized imable 10. Here, species richness Shoot biomass exhibited significant difference
increased as the age of the mine spoil increased. Suchetween the spoil ages, it was especially high in
a type of increase in species richness in the procesgrotected 10 and 12-yr old mine spaildth increasing
age, the area-weighted above ground plant biomass
also increased except for that &fanthium
strumariumwhich declined (&ble 11). The decline
in theXanthium strumariunbiomass was due to the
Spoilage Species ~ Species *Shannon-*Concentration fact that size and number Banthium strumarium
(vear)  richness* evenness ~ Weiner of dominance patches declined with age. The participation of
(Pielous diversity  (Simpsons Xanthium strumariumn the total area-weighted

Table 10: Community characteristics of vegetation on mine
spoil of different ages. (Source: Jha and Singh, 1991)

index) index) shoot biomass was consistent, which indicates that
> 226 0708 2.087 0.192 this plant could be an important natural factor for the
10 2.37 0.623 2.005 0.247 improvement of habitat of mine spoils in this region.
12 2:23 2:222 ijfé 3:232 ~ Jha and Singh (1991) observed that in the
adjoining grazed grasslands the peak shoot biomass
20 432 0.597 2.188 0.208 varies from 59 to 13 g nt?while in protected
*Using IVI value grasslands the range is fromt 700 g m? (Pandey

Table 11: Shoot and oot biomass in mine spoils of dferent ages (g n¥). (Source: Jha and Singh, 1991)

Spoil age Shoot biomass Total shoot Root biomass Total root  Total plant Per cent root
Monospecific  Other biomass Monospecific Other biomass mass material
patches of vegetation patches of  vegetation
Xanthium Xanthium
strumarium strumarium
5 185 95 280 139 280 419 699 59.9
10 201 184 385 122 401 523 908 57.6
12 152 283 435 120 563 683 1118 61.1
16 148 154 302 119 473 592 894 66.2

20 141 190 331 89 554 643 979 65.6
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and Singh, 1990). Thus the shoot biomass value forungrazed grasslands (Pandey and Singh, 1990). The
the mine spoils reported by Jha and Singh (1991),per cent root material values for the mine spoils
occurred between the grazed and protected nativaeportedby Jha and Singh (1991) were lower as
grasslands of the region. Robegtsal. (1980) have = compared to the adjacent grazed and the protected
documented that on reclaimed china clay waste inungrazed grasslands.

Cornwall, biomass of plants increased with time; . . .
however even after seven years of growth the Jha an_d Sm_gh (1.991) subjected the data on spoil
biomass values compared to the adjacent undisturbe&eatures’ m_lcrob|al b|oma}ss CN and P; 'and shoot
sites were still loweMarrset al.(1981) also reported gnd _rc_)ot bloma_ss, _to_Dls_crlmlnaAt_waIyss _and_
increase in root and shoot biomass with age in the'dent'f'ed_ four Discriminating Funct_lons \_Nh'Ch n
naturally developed china clay waste at Cornwall. combination accounted _for_lOO% variance mt_he data.
Fyleset al.(1985) reported that the 15-yr old naturally They_co_nstructed a tgrrltorl_al map using th? first two
developed sites had low shoot biomass compared t(P'S(_:”m'nat'ng Functions W|th'g.roup centroid means
the fertilized 2, 3, 5-yr old sites and protected native in Fig. 1. The scatter plot exhibited that the different

grassland in south eastern British Columbia coalmineaged mine spoils are sepgrated from each.o'[hgr _
spoil. Increasing spoil age consequently increasedlo'yr old and 12-yr old spoils showed close association
with each othemvhile the 5-yr old spoil and 20-yr old

spoil were placed far apart. Thus the complex physico-
chemical and biological properties of each spoil were
characteristically different with a progressive trend
of improvement.

productivity, a direct relationship between the two has
been reported for Northern Great Plains in USA
(Schafer 1984) but in some cases a drop in
productivity may also occur (De Pwit al, 1978).

The root biomass irXanthium strumarium
patches decreased with the age of mine spoil, whereas
that in the other vegetation increased with agdl@

11). Contribution ofXanthium stumariumwas ool .
reported from 14 to 33% to total area-weighted root

biomass at the study sites. In adjoining native Q)
grasslands, the range of peak root biomass in 0-30
cm soil depth had been reported from 444 to 708 g m 20} A
2 for grazed and 1137 to 1639 g n? for ungrazed
sites in an earlier study by Pandey and Singh (1990). o
The total plant mass including shoot mass and root 450 100 e (0 B WA

mass on various mine spoils varied from 6991181

g nr2 (Tab|e ]]_)_ The total p|ant mass values in the Fig. 1: Plot of group means as a function of the first two

protected native sites (10 and 12-yr old) were higher discriminant functions (DF 1 and DF 2) for spoil
than the grazed sites features, microbial C, N and R and shoot and oot

biomass groups determined by discriminant analysis.

. . . A. 5-yr old spoil, B. 10-yr old spoil, C. 12-yr old spoil,
The per cent root material (PRM) is considered D. 16-yr old Spoil, andE. 20-yr old spoil (Source: Jha

as an index of the relative importance of plant and Singh, 1991)
component present below ground in relation to the

total plant mass present in the system (Singh andInfluence of Microsites and Seed/iability on

Krishnamurthy 1981).The percent root material in R ; -
e-Development ofVegetation on Coalmine
the study of Jha and Singh (1991) varied from 57.6 toSpoil velop g ! I

66.2% in the dierent aged mine spoils. Generally
the PRM values were lower in young spoils comparedThe most important factors influencing vegetation
to the older spoils. Therefore, the organic matter development on mine spoils are micro-climate, spoil
allocation to below ground compartment showed properties, surrounding flora and the propagule
increasing trend with the age of succession. Indissemination ditiency (Bramble andshley, 1955;
adjoining grazed grasslands. The root material variedGibsonet al, 1985). The kind and quantities of
from 86 to 88% and from 67 to 70% in the protected available resources are generally determined by

0.0

FUNCTION 2
@
()
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climatic and edaphic conditions of the site. The success Across spoil ages, the average pH was
of individual species and community compaosition are maximum (6.8) for undulating surface and minimum
determined by local site variables. The conditions of for the microsite at the coal-patch margins (5.6). pH
substrate on individual mine spoils act as an of the adjoining native forest soil was 6.4 [Fig. 2(a)].
environmental sieve (Hulst, 1978)ch that thenost Proportion of coarse particles (> 2.0 mm) was greatest
favorable species are able to develop and become §5%) on the “coal-patch” margin, and lowest on flat
significant component of the communithe process  surfaces (19%)Values for coarse particles in all
of natural re-vegetation on mine spoils is consideredmicrosites were greater compared to the native forest
to be multi-factorial in nature (Glenn-Lewin, 1980; soil (8%) [Fig. 2(b)]. The proportion of particle size
Gibsonet al, 1985), where partly it is autogenic and 2.0-0.2 mm ranged from 56% (coal-patch margin) to
partly allogenic (Bradshawi983).The process of 64% (slope), and fluctuated in all microsites across
succession may be accelerated by the introduction ofage [Fig. 2(c)]. The proportions of particle size 0.2-
selected species via moving intact seed banks0.1 mm and < 0.1 mm increased with age in all
seedings, and by planting seedlings (Skoglund, 1992)microsites [Fig. 2(a) and (b)]. Bramble afighley
Features of seed ecology including role of soil seed
banks in succession, patterns of seed longevity anc e
adaptive value of large seeds and germination have
been documented especially for tropical rain forest sH
species (see for exampighitmore, 1983; Foster
1986;Vazquez-¥nes and Orozco-Segovia, 1998 .
realise that knowledge of seed germination and
establishment of seedlings is not enough for 2
deciphering the community processes which includes
plant recruitment and succession, but successful o~ s,g,f
efforts of introduction, and re-introduction of species .
populations in restoration are needed. In forest | (»
conservation and management plans, the information”|
about the ecological requirements at seed and seedlin|]
stages is rarely articulated. i

Jha and Singh (1992) assessed the effect of
different microsites of the mine spoil (slope, coal- patch

)

i i
Undulating Flat Fores!
surfoce surface Soil

T T T T

margin, undulating surface and flat surface) on |
selected physical, chemical and biological features of °~ Sie  Cospicn — Usduioting — Fiot Foredt
the substrate, and on community composition and plant, i serioes worfoe !

biomass levels, and Khurana and Singh (2001)
reviewed the ecology of seed viability in dry tropical

environment. Sites studied by Jha and Singh (1991),
at Jhingurda are described earligrey selected four
microsites on each siteyith a mean slope of 25%:
coal-patch margin (margins of the dumps of low grade, ,
unusable coal material on the spoil heaps), undulating
surface, flat surface and slopgually, the coal-patch

i I I i
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sites are devoid of vegetation, except for a very few margin surfoce surfoce soil
herbaceous plants. The basal portions of the “coal- Cls No e e El20
patch”constitute “coal-patch” margins containing fine Spoil age (years)

coal particles and decomposed materials which arqilg 2:pH and proportion of coarse particles in various
transported by rain water from infertile upper Iayer microsites of mine spoils of different ages. (a) pH; (b)
of the “coal-patches”. proportion of particle size > 2 mm; (c) proportion of

particle size 2-0.2 mm. (Source: Jha and Singh, 1992)
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(1955) argued that the proportion of fine earth particlesmargin microsites compared to other microsites. The
(<2 mm) of about 20% limits the growth and survival mine spoil exchangeable Na content was greater than
of plant on surface-mined lands. the native forest soil, while the mine spoil exchangeable

. N . K was lower compared to the forest soil.
The total soil N values were lower in mine spoils

in all microsites compared to the native forest soll, Jha and Singh (1992) reported lowest values of
and N increased as the age of mine spoil showednicrobial biomass C, N and P for slope and greatest
increment in all microsites [Fig. 3(c)]. There was for coal-patch margin microsites [Fig. 4(c) and 5(a)
decrease in exchangeable Na [Fig. 4(a)] and increasand 5(b)]. In mine spoils, all three microbial parameters
in exchangeable K [Fig. 4(b)] with the age of mine were lower in all microsites as compared to the native
spoil. Howeverthe average exchangeable Na was forest soil With increasing age of the spoils, microbial
found greatest for the “coal-patch” margin microsite C, N and P in all microsites also increased. Strong
and lowest for the flat surface microsite. Less correlation of fine particles, total soil N and root
exchangeable K was observed in the “coal-patch” biomass were observed with microbial C, N and P
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Fig. 3: Proportion of medium and fine soil particles and total
soil N in various microsites of mine spoils of different
ages. (a) Proportion of particle size 0.2-0.1 mm; (b)
proportion of particle size < 0.1 mm; (c) total soil N
(rgg™). (Source: Jha and Singh, 1992)

Fig. 4: Exchangeable Na, K and microbial C in various
microsites of mine spoils of different ages. (a)
exchangeable Nagg™); (b) exchangeable K (gg™);
(c) microbial C (ngg™Y). (Source: Jha and Singh, 1992)
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was started bpactyloctenium aegyptium-Digitaria > 60 to 74%; and on flat surface microsites the
setigeracommunity as observed on the 5-yr-old slope contribution by only four specie#\( adscensionis,
microsite. TheD. aegyptiumA. adscensionis D. aegyptium, B. pertusandH. contortuy was
community occurred on 5- yr-old coal-patch margins, from > 57 to 78%. This result illustrates the harsh
5-yr-old undulating surfaces and 5-yr-old flat surface climatic and edaphic environmental conditions.
microsites (@ble 12). On slopes, undulating surfaces

and flat surfacesi. adscensionis- B. pertusgas q fl'ohtal spefaeg_;:fomposn!on,c!lversmﬂwtat:jllgy Ih
observed as the final community in the 20-yr and richness for different microsites, reported by Jha

succession, whil&. tenella-A.adscensionvgas the and Singh (1992) are givenTable 13.The greatest
final community on coal-patch margins number of herbaceous species (21) was observed on

Notwithstanding the changes in species composition,2(3'>;(r]|'OIOI fllat surr]faces _and tT]e Iowes_t (9)_ c;]n the 10-
it was reported that only a few species contributed inYr-0'd coal-patch margins. The species richness was

the development of community as dominants or co- observed to increase with age of mine spoil on all
dominants microsites, except for 5-yr-old slopes and coal-patch

margin microsites. The species richness values were

The number of species contributind% shoot  observed to be high on 5-yr-old slopes and coal-patch
biomass varied from seven (12-yr-old) to 16 (20-yr- margin microsites due to the presence of some
old) on slopes, eight (10-yr-old) to 13 (5-yr-old) on ephemeral plants. The average species richness was
coal-patch margins, 10 (5-, 10-yr-old) to 16 (16-yr- found low on coal patch margin microsites than other
old) on undulating surfaces and 6 (12-yr-old) to 14 microsites.
(20-yr-old) on flat surface microsites. On slopes only _ _ _
four species A. adscensionis, D. aegyptium, D. Average species dlve_rsny (across ages) was
setigeraand B. pertusa contributed from > 64 to greatest (2.62) for updula’_ung surfaces and Ipwest
81% shoot biomass; on coal-patch margins the(2'2_2) _f_or slope micrositesiverage species
contribution by only four species\( adscensionis, equitability (gcross ages) was greater on flat surface
D. aegyptium, B. pertusandE. tenellad was from and und_ulatln_g surface mlc_ro_snes compared _to the
> 59 to 77%; on undulating surfaces the contribution qthe_r m_mrosﬂes, emphasising a more equitable
by only four species A. adscensionis, D. distribution of resources between spemesthese

aegyptium, B. pertusandH. contortug was from microsites.

Table 13: Total species content, diversity index, equitability and species richness infdifent microsites on mine spoils of
different ages. (Source: Jha and Singh, 1992)

Microsite Mine spoil age (years)
5 10 12 16 20
Slope Total species content 13.00 11.00 13.00 14.00 17.00
Species diversity 2.75 1.687 1.647 1.950 3.093
Equitability 2.47 1.620 1.480 1.700 2.510
Species richness 1.76 1.380 1.550 1.860 2.260
Coal-patch margin  Total species content 13.00 9.00 10.00 11.00 14.00
Species diversity 3.116 1.943 2.133 2.574 2.561
Equitability 2.800 2.040 2.130 2.470 2.230
Species richness 1.890 1.120 1.150 1.400 1.740
Undulating surface  Total species content 10.00 13.00 15.00 16.00 18.00
Species diversity 3.020 2.368 2.184 3.116 2.425
Equitability 3.020 2.130 1.860 2.590 1.930
Species richness 1.450 1.630 1.770 2.040 2.290
Flat surface Total species content 10.00 14.00 17.00 19.00 21.00
Species diversity 2.086 1.561 2.006 3.046 2.923
Equitability 2.090 1.360 1.630 2.380 2.210

Species richness 1.350 1.680 2.000 2.430 2.640
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Mean shoot biomass was lowest for the slope ' ! ! ' L i !
and greatest for the flat surface microsites. Shoot
biomass varied from 59 td.2 g n12in the adjoining

grazed grasslands, and from15tb 700 g ¥ in ool i
protected grasslands (Pandey and Singh, 1990) b

Thereforethe shoot biomass values for the mine spoils .

studied by Jha and Singh (1992) were within the rangeg .} -
reported for the grazed and protected native & Q Q
grasslands. Sindelar (1979) indicated that older minec 8

sites containing sandy loam spoil exposed to heavier  -sol- A .

grazing are considered less successionally advance
compared to the mine spoil with more silt and clay
Johnsoret al. (1982) observed that older sites with L , . ' ' !
high Ca and N had greater biomass than the sites 120 -80 -40 00 40 80 120
with less favourable conditions. Function |

. . L . Fig. 6: Plot of group means against the first two discriminant
Root biomass exhibited significant differences functions (DFI and DF2) for spoil features.A, slope:

betV_Veen _mi(fr_OSiteS_ as We”_ as between the ages of B, coal-patch margin; C, undulating surface; D, flat
spoils. Significant interaction was also observed surface microsites. (Source: Jha and Singh, 1992)
between microsite and age, and total area-weighted

plant mass and percent root matgrial. The minimumslope and coal-patch margin microsites were very
value (541 g 1) for total area-weighted plant mass jstinct, This analysis pointed that microsites remain
was observed for 5-yr-old undulating surfaces andjmnqrtant factor throughout the 20 years of succession
the maximum value (1386 97_30' observed was for  5nq they should be considered in any plan of re-
12-yr-old flat surface microsites. The range of per yegetation. The coalpatch margin microsites would
cent root material was 57-78, 67-77, 58-74 and 61-taxe more time to become more habitable for plants
72% on slope, coalpatch margin, undulating surface g compared to other microsites. It is emphasised that
and flat surface microsites, respectivéBenerally e strycture of spoil dumps should be so modified as
with increase in the age of the mine spoil, per centy, have greater proportions of flat surface and
root material also increased. More older sites (16-\nqy|ating surface microsites. On such microsites, a
and 20-yr-old sites) exhibited more than 70% values e _yegetation plan should be started for better resulits.

for per cent root material in all micrositéecording o 12-yr-old flat surface microsites 24 species among
to Pandey and Singh (1990), the range of per cenly hiant species of grasses, leguminous forbs,
root material in native grasslands was 86 to 88% forleguminous trees, non-leguminous trees and crops
grazed and 67 to 70% for ungrazed grassland sites.geeqed exhibited satisfactory growth performance
Importance of Microsites (Jha and Singh, 1999). For slppeylosanthes

hamatawas found particularly suitable.
Significant differences in spoil characteristics, plant

biomass and plant communities highlight the !mportance of Seed/iability

importance of'micrositeA'discrimin.ant an_alysi; Was  khuranaandSingh (2001) emphasised the importance
performed using the spoil properties, microbial C, N ¢ seed viability and storage conditions for
and Pand root and shoot biomass valueeerritorial e\ egetationin a seed stock, the proportion of viable
map was constructed with the group centroid meansgeeqs might vary due to the time of seed collection.
by using the two discriminating functlor_ls (Fig. 6).Th_e For example, seeds @falbemia sissoocollected
scatter plot showed that the microsites were qu'teduring the period November to Jujjelded highest
separate from each otheithough some closeness ,mbers of viable seeds (Bangaretal, 1996).
was observed between undulating surface and flatr,q temperature conditions and types of storage

surface microsites. Compared to other microsites, the.gntainer best suitable for retaining maximum seed
viability are known for certain Indian dry tropical
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Table 14 : Repoted optimal temperatures and storage containeto maintain maximum seed viability of cetain dry tropical
species. For most species optimal moisture content was 7-8%. (Source: Khurana and Singh, 2001)

Optimal temperature (°C)

Species

Storage container

3-5

15

20-25

15-35

30

Albizia lebbeck

Albizia procera
Bauhinia variegata
Cassia siamea

Ceiba pentandra
Dendrocalamus strictus
Peltophorum ferrugineum
Azadirachta indica
Bambusa tulda
Eucalyptus deglubta
Eucalyptus microtheca
Flindersia brayleyana
Dalbergia sissoo
Shorea robusta

Shorea talura

Acacia auriculiformis
Cassia glauca
Holoptelea integrifolia

Paper packet

Glass stoppered transparent bottle
Paper packet

Glass stoppered transparent bottle
Air tight polyethylene bags

Silica gel or anhydrous Cagih desiccator
Glass stoppered

Perforated polyethylene bags
Sealed polyethylene bags

Closed container

Closed container

Closed container

Tin

Non sealed polyethylene bags

Non sealed polyethylene bags
Glass stoppered bottle

Air tight polyethylene bags

Sealed container with silica gel

species (@ble 14)While a number of species such leguminous forbs simultaneously with tree seedling
as Albizia lebbeckand A. procera need low  have been observed in terms of survival and growth.
temperatures (3-5°C), others, includigadirachta
indica and Dalbergia sisso@ require higher
temperatures (15-25°C) gble 14).

Jha and Singh (1993) have evaluated the growth
performance of directly seeded leguminous trees, non-
leguminous trees, leguminous forbs, grasses and crops

Evaluation of Direct Seeding offree Species as 0N a 12-yr-old flat surface coal mine spoil at Jhingurda

a Means of Re-\¥getation of Coal Mine Spoils  colliery, Northern Coalfields Limited, Singraulihey
observed that out of thirty plant species, twenty four

Reclamation efforts for the establishment of gpecies exhibited satisfactory growth performance
acceptable long-term plant cover with low after one year of seeding. Jiea al. (2000)
maintenance requirements need proper identificationjyyestigated the feasibility of direct seeding as a means
of species suitable for revegetation. Direct seedingqf revegetating coal mine spoils on large scale. The
for re-vegetating mine spoils may be considered g,y site of Jhat al. (2000) is located at Jayant
because it is easier and cost-effective compared tqcg|jiery, Northern Coal Fields Ltd., Singrauli (23°47"
planting (Davidson, 1980). Particulartile approach  _p4012' N |at., 81°48'-82052' E long.), Madhya Pradesh,
of direct seeding of tree species on normal sites coulqpgia. Experiments were set up in June 1993, on fresh
be successful but careful after care is essential. DireCiyine spoils, in rain fed conditions, in about 1.5 ha area,
seeding leads to better occupation of the site. Selectiopy, f|at surface, and in about 3 ha area on slopes. On
of suitable timing with respect to precipitation regime he flat surface area for each tree species, 20 X 20 m
and conditions of temperature for seeding is importantp|0ts with three replicates were set up. On the slopy
for successful development of mono and mixed stands;rea in 20 m vertical strips seeding of tree species

of different tree and grass species (Simgfal.  was done. Important results of the study are discussed
1995). Favourable results of seeding of grasses angg|ow
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On the flat surface area maximum height was nudicaulis, Eragostis tenella, Cynodon dactylon,
obtained bylLeucaena leucocephalfllowed by Bothriochloa petusa, Cypeus compessus,
Zizyphus jujuba, Pongamia pinnata, Acacia Evolvulus alsinoides, ridax procumbens,
catechu, Acacia niloticand Azadirachta indica Echinops echinatus, Aneilema nudiflorum,
Terminalia arjunaobtained minimum height growth. Saccharam munjagtc.

In terms of diameter growtByzygium cuminivas
the best species, and was followed Agacia
catechu, Acacia niloticand Pongamia pinnata
Minimum diameter growth was realized by
Terminalia arjuna

Thus, the study by Jhet al. (2000) suggests
that direct seeding of tree species along with grasses
and leguminous forbs can accelerate the natural plant
succession. Ground seeding of grasses will serve as
a nurse crop and will act as trap for air-blown seeds.

Jhaet al.(2000) observed that on slopes of mine Large areas can be seeded in less time with less
spoil, A. indicawas the fastest growing species in manpowerand seeding can be accomplished where
terms of height growth followed bieucaena plantingis not feasible. These advantages are greatest
leucocephala, Tarjuna, P pinnata,A. catechu  with broadcast seeding. Plantations of nursery raised
andMadhuca indicaT. bellirica attained minimum  seedlings on slopes are difficult, and their growth and
height growth. The fast growing species in terms of survival is low Direct seeding of tree species with
diameter growth werd. bellirica andT. arjuna ground seeding of grasses and leguminous forbs is a
followed byMadhuca indica, A. indica, A. catechu suitable technique for checking erosion and for
and P. pinnata Leucaena leucocephalattained  developing plant cover in slopy areas.
minimum diameter growth.

Ecological Restoration of Coal Mine Spoils

On flat area, height/diameter ratio observed by ~~. )
Using Native Trees

Jhaet al. (2000) was minimum fo6. cuminiand
maximum forZ. jujuba whereas on slopy area, it As stated earliethe natural recovery in mine spoils

was minimum forT. bellirica and maXimU.m foL.. takes a very |0ng time’ for example’ Srivastawal.
leucocephalaOn flat surface area, maximum tree (1989) found that the recovery of total nitrogen pool
volume was recorded fax. catechufollowed byS. i a mine spoil to the level of native forest soil, may

cumini, P pinnataandA. nilotica, and it was  take about 200 yrs of natural succession. For the
minimum forT. arjuna On slopy area, the value for  syccessful restoration programme attempts should be
tree volume was maximum fdr arjunafollowed  given to speed up the natural recovery processes for
by A. indica, T bellirica andM. indica Minimum  restoration of soil fertility and enhancement of
tree volume was recorded f6rcuminobn slopy area.  pjplogical diversity (Dobsoet al, 1997; Singh and
Thus species vary in performance according to thesjngh, 2001). The initial step in any restoration
surface conditions of the spoil. programme should be towards the protection of the
Jhaet al.(2000) also observed that the presence disturbed habitat and communities from being further
of leguminous forbQylosanthes hamatand grasses  wasted (Singh and Jha, 1993). Then attempts to
Pennisetum pedicellatunand Heteopogon  accelerate the re-vegetation process for increasing
contortusin the experimental plots on flat and slopy bio-diversity and stabilizing nutrient cycling are to be
areas enhanced the natural colonization of a larggmade (Singlet al, 1995). If we are able to accelerate
number of plant species. (Bees and shrubButea the process of natural succession by planting a
monosperma, Melia azedarach,odtdfodia desirable plant species on mine spoil, we could develop
fruticosa, Geveasp., andCalotropis piocera (b) a self-sustaining ecosystem in a short peAodther
Herbs and Grasseldyptis suaveolens, Clitorigp., strategy in re-vegetation programme is the direct
Alternanthera sessilis, Ageratum conyzoides, seeding of selected plant species including grasses
Blumea oxyodonta, Desmodium triflorum, Apluda on slopes of mine soil. Singh and Singh (2006)
mutica, Abutilon graveolens, Sonchus oleraceus, performed a series of experiments for the rehabilitation
Tephmwsia purpuea, Alysicarpus longifolius, of mine spoil in a dry tropical region of India and
Phyllanthus varigatus, Aristida adscensionsis, evaluated the suitability of tree species for plantation,
Aristida cynatha, ¥rnonia cineea, Launaea growth performance of selected indigenous species
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in monoculture and impact of the plantations on the Earlier, Jha and Singh (1993) studied the growth
restoration of biological fertility of soil. Experiments performance of directly seeded leguminous trees, non-
by Singh and Singh (2006) were performed in leguminous trees, leguminous forbs, grasses and crops
polyethylene pots with 17 indigenous species at Jayanbn 12-yr old flat surface at Jhingurda coalmine spoil
coal mine located in Singrauli coalfield region (23°47'- and observed that out of 30 plant species tested, 24
24°12' N lat. and 81°48'-82°52' E long.) in 1993-1994. species exhibited satisfactory growth. Therefore,
The treatments were: (a) mine spoil only (control); direct seeding of species is suggested to be a cost-
(b) mine spoil + 5 cm of forest top soil; (c) mine spoil effective technique for the re-vegetation of mine spoil,

+ full dose of NPK; (d) mine spoil + 1/2 dose of NPK; in terms of low labour utilization and land recovery
and (e) forest top soil onlyhey maintained sixteen feasibility where the nursery-raised seedlings
replicate polyethylene pots for each treatment for plantations are not easy

each speciedAfter one yearthe three replicate , _

polyethylene pots were selected at random in each In'the study of Singh and_ Singh (2005)’ 5-yr-old
treatment for each species and were harvested'.mantéItlons of the two non-pioneer spe(_:@lac(lea_
Quantification of biomass values were done for root, robgs_taand'_l’e_ctona g'randl}s on the mine spoil
stem and leaves. The fresh weight of each pIanteXh'b'ted minimum biomass accumulation. The

component (root, stem and leaves) was recorded agiorsr!asi ranoglggof 7hzzz)£(1)67 thabserved i.n ;gisiu%/ 3
the nurseryThe sub-samples were brought to the y Singh and Singh ( ) compares wit 41331

1 ) . : .
laboratory for determination of dry weights. Important 25 _':jotal b|<]2mass (.Smﬁh ag_d Singh, 1991a)d|nrr]1 atural
findings of the study are discussed below eciduous forests in the adjacent areas and the range

reported for the subtropical forests 40-140tfng,

The 17 native tree seedling species investigated1969; Murphy and Lugo, 198&kaset al, 1977).
by Singh and Singh (2006) responded differently to The plantations of eight native tree species selected
the potting medium. Howevaall 17 species could be by Singh and Singh (2006) supported more vegetation
potentially grown on mine spoil and the growth mass than that was observed on naturally vegetated
performance of a majority of them could be improved same aged mine spoil in the same area where the
by the application of NPK to the mine spoil. Simgh  average total stand biomass was only 71 zha
al. (2000) and Singh and Singh (2001) have reportedand Singh, 1991). On the naturally recovering mine
the effect of NPK fertilization on the growth spoil of the age 5-ythe major species (all grasses)
performance of 10 native tree species planted on mingoresent werdactyloctenium aegyptiunDigitaria
spoil.All the 10 tropical tree species studied by them setigeraandAristida adscensionigJha and Singh,
showed response to NPK fertilization; however the 1992). Therefore, the biomass accumulation on the
impact of fertilization on non-leguminous tree species mine spoil was potentially accelerated due to tree
was more compared to that on the leguminous treeplantations.
species. In fertilized plots, the higher growth was also
accompanied by highéaliar N and P concentrations
in all species. Singland Singh (2001) observed a
positive relationship between growth rates (height,
diameter and volume increments) and foliar N and P
concentrations. Howevghe full dose application of
NPK, weakened these relationships, indicating that
fertilization brings more homogeneity among the
growth of individuals (i.e. it eliminates the nutrient

poverty in suppressed individuals) (Singh and Singh, 2015; Chaturvedit al, 2017a), which compares with

2002). the range 2.7-24.7 t hayrlobserved by Singh and
Eight tree species investigated by Singh and Singh (2006) for the 5-yr old plantations raised on the
Singh (2006) for the direct seeding on the mine spoil Mine spoil. Results of the study by Singh and Singh
exhibited satisfactory growth performance, although (2006), thus, highlighted that an early vegetation cover
difference was detected in the amount of growth. and high biomass production can be achieved through

Several studies have reported that the above
ground net production of the natural forests as well
as plantations in the tropical zone ranged between
1.5 and 32.6 t hdyr! (Faruqui, 1972; Singh and
Singh, 1991a; Bargadit al, 1992; Karmacharya and
Singh, 1992; Singh ariaky, 1995Vebleret al, 1980;
Taylor and Zisheng, 1987; Singh ariadava, 1994;
Tripathi and Singh, 1996; Chaturvesli al, 2011;
Chaturvedet al, 2012; Chaturvedi and Raghubanshi,
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proper selection and plantation of pioneer native treeThe non-linear nature of relationship shows that after
species in particulabecause such species are able a few years, soil organic C might attain equilibrium
to survive under impoverished soil conditions and their and further increase in litter fall may not exhibit a net
long term maintenance cost is comparatively less. change; the litter fall itself may achieve equilibrium
when the trees become mature. Similardy
relationship found between the soil N and the quantity
of litter fall N deposition suggests that soil N is
articularly a function of N which is returned to the
soil by the vegetation (Fig. 7c). Evidentiye species

Microbial biomass C in the mine spoil plantation
soils in the study conducted by Singh and Singh (2006)
represented 4.74-8.67% total organic C. The microbial
biomass C observed for the adjacent forest ecosyste

is 1.6-3.6% of organic C (Srivastava and Singh, 1989), locat hiah " b 0 foli
and for U.K. soil samples, the reported range is 0.54-270¢ating a higher proportion of blomass o Toflage

4.5% (Jenkinson and Oades, 1979; Oades arlcflnd producing N-rich litter will accelerate the soil

Jenkinson, 1979). In 26 agricultural sofgderson ertility restoration.

and Domsch (1980) observed that the microbial The study by Singh and Singh (2006) also
biomass contained between 0.27 and 4.8% total soikxhibited an exponential relationship between
C (mean = 2.5%). Therefore, the carbon microbial biomass C and soil organic C (Fig. 7d). Soil
immobilization levels by microbial biomass were higher nutrient status is supposed to affect directly the
in the mine spoils as reported for the natural forest orhiomass of microbes and development of specific
agricultural soils. In nutrient cycling, soil microbial mjcrobial populations (Helal and Sauerbeck, 1986;
activity as well as level of soil microbial biomass plays Merckx and Martin, 1987). Ruess and McNaughton
an important role. Soil biomass is a critically important (1987) also reported a direct relationship between
factor in the recovery of heavily disturbed sites as it microbial biomass C and soil organic C. Diaz-Ravina
supports the re-establishment of nutrient cycle et al.(1988) explained the differences in biomass C
(Srivastaveet al, 1989). levels according to the differences in total soil C and

Tree foliage is a key component, which plays a N. A positive non-linear relationship observed between

very important role in primary production. Singh and
Singh (2006) found a significant linear relationship @ ,; _ g L IO
Q

between biomass of foliage and net primary production g . o8 peodt
of the tree layerwhen data were pooled across g o0 b _ ' )
replicates for the plantations of four specigkbizia S o] { £ 083
lebbeck,Albizia procera, Bctona grandis and E? o Foe o 50
Dendiocalamus strictusat 5-yr age (Fig. 7a)his s 17 -
relationship indicated that NPP (net primary ~
production) was directly associated with the amount o 3 6 9 12 o0 o 3 8 9 12
of foliage especially in the young plantatiov¢ebb Leef blomess {t ha'") Litter fall (t ha")
et al. (1983) also reported a positive relationship (¢ R
between above ground NPP and the standing biomas iy O o<o0r a0 Lﬂggfz‘i%%?:x
of foliage of forests, grasslands and desert sites. 0.08 % 400
° o
Earlier, in the same plantations, Singh al. ;30-06* ogo §300_ °o)

(1999) studied litter fall and N deposition through litter 3 o.04 3 ©
fall. As reported by Singh and Singh (2006), the litter . 6 $ 200 5
fall in 5-yr old plantations was 10.4, 8.8,.@ and 2.8
t hal respectivelyin Albizia lebbeckA. procera, A U
Dendiocalamus strictusand Tectona grandisThe Liter el N lig he-1) P
corresponding values for N deposition were 6.8, 7.2, . _ N .

. Fig. 7: Relationships between tree layer net production and
11.0 and 3.1 kg A They also found a positive leaf biomass (a), soil C with litterfall (b), soil N with
relationship between soil organic C and litter fall which litter fall N (c) and microbial biomass C with soil C
indicates that soil organic C is a function of the amount (d) in 5-yr old plantations of four tree species on coal

of dry matter deposited in the form of litter (Fig. 7b). mine spoil. (Source: Singh and Singh, 2006)



812 R K Chaturvedand J S Singh

the soils oganic C and microbial biomass C suggests b = 1.0, which presumes that the tree proportions
that the two factors mirror each other during initial remain constant throughout the whole life. This model
phase of soil re-development, and the exponentialis best followed by the smaller growth forms (from
relationship indicates that biomass C might be an earlymosses to small trees) (Norberg, 1988). In the study
indicator for the development of soilgamic matter of Singh and Singh (2001), the only tree species
Therefore, the study by Singh and Singh (2006) exhibiting geometric similarity model wasgrandis
suggests that the measurement of microbial biomassSingh and Singh (2001) observed thafiinebbeck
could be an important parameter for monitoring the andT. bellirica, were not fitting in any of the above
restoration of fertility of the soil, especially at the initial three growth models and thdirvalues were < 0.5
phase of soil re-development. (Table 15). It was found that relative to their diameter

_ _ height of these two species was shorter suggesting a
Comparative Growth Behaviour and Leaf  greater safety margin against buckling compared to
Nutrient Status of NativeTrees Planted on Mine  4ther species. In some species, the nutrient
Spoil With and Without Nutrient Amendment enrichment has considerable influence on the height
diameter relationship. For example, after nutrient

Tree architecture (i.e., height-diametgown mass- ) e
enrichmentp for T. bellirica increased from < 0.5

trunk relationships) is considered important for S s MY
selecting species for mine spoil plantations. The (constant stress) to abqut 1.0 (geometric S|m|Iar'|ty)
species selected by Singh and Singh (2001) for thei@_nd_b fqu arborea,declined from about 0.7 (elastic
study differed markedly in architectural traits, which Similarity) to < 0.5 (&ble 15).

also exhibited response by nutrient amendment. The During the tree growth, it is generally expected
slope (G) of log transformed height: diameter that the crown mass to trunk mass ratio will remain
relationships observed by Singh and Singh (2001) forconstant, therefore, the slope of regression between
the first sampling ranged from 0.365 to 0.989 and for the proxy variables which represent crown mass and
the second sampling, it varied from 0.355 t0 0.972 trnk mass should not show significant difference from
(Table 15)These results are similar to the range 0-597unity (O'Brien et al, 1995). In the study by Singh

to 0.736 observed for the mature trees of eightang singh (2001), the slope value was found around
neotropical tree species of Barro Colorado Island,unity inA. indica, D. sisso00, Grborea, P emblica,
Panama (O'Brieet al, 1995). The analysis by Singh 1. grandisandT. bellirica which suggests a constant
and Singh (2001) emphasised that the legumes ratio of crown mass to trunk massafile 16).
catechuandD. sisso@and the non-legumes indica However in A. catechuandA. lebbeck the slope
andG. arborea followed the elastic similarity tree  \,5jye was observed below unifpdicating that in
growth model. these species biomass allocation favoured trunk mass

Rich (1986) suggested that when the scalingMr€ than the crown massafdie 16).These two
exponentb between stem diameter and height SPECies might be highly tolerar_1t tp wind _actl_on but
becomes equal to 0.67, the tree is considered tPNY at the cost of photosynthetic tissépplication

maintain elastic similarity through ontogehjsually ~ ©f NPK increased the slope value towards unit.in
the elastic similarity model is followed by the large CatéchuandA. lebbeckand beyond unity irA.
arborescent growth forms (Norberg, 1988). indica, T grandisandT. bellirica (Table 16).

Alternately the other model of tree growth is constant 1erefore, fertilizer application resulted in larger
stress, wherb = 0.5. This model assumes that trunk CrOWns in these species. Hulm and Killham (1990)

tapers in such a way that the wind pressure streséep‘?rted a similar patt_ern after fertilizer_ amendment
along the stem is equalized (Dean and Long, 1986)." Sitka spruceTre_es with quercrowns will be more
Singh and Singh (2001) reported that the leg@me prone to wind action, partlcula.rly on a'newly_ formed
pinnataand the non-legure emblicain their study loose substratum such as mine spoilDinsissoo
followed this constant stress model of growth. Niklas 21dG arboea, Singh and Singh (2001) found that

(1992) argued that the constant stress model is théertilizer:_application did not cause any promine_nt shift
most commonly applicable model in the windy habitat. in allocation between support and the systems involved

The third model is geometric similarity model, where N Photosynthesis @ble 16).
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Table 15: Regession of log, height (m) and log ,diameter (cm) for nine tree species of two diérent ages gown on mine spoil
under two levels of NPK and a control. (Source: Singh and Singh, 2001)

Species Treatment 33 months after plantation 53 months after plantation
Intercept Slope 23 P Intercept Slope R P
Legumes
Acacia catechu Control -0.070 0.605 0.73 0.000 0.145 0.612 0.74 0.000
Half NPK -0.070 0.619 0.57 0.000 0.170 0.609 0.56 0.001
Full NPK -0.224 0.717 0.52 0.002 -0.011 0.702 0.53  0.002
Albizia lebbeck Control 0.522 0.365 0.49 0.003 0.741 0.355 0.47  0.004
Half NPK 0.310 0.493 0.71 0.000 0.470 0.487 0.71  0.000
Full NPK 0.350 0.477 0.59 0.000 0.530 0.470 0.57 0.001
Dalbergia sissoo Control -0.010 0.745 0.67 0.000 0.168 0.734 0.68  0.000
Half NPK —4.480 0.800 0.53 0.002 0.118 0.807 0.53 0.001
Full NPK -0.075 0.751 0.60 0.000 0.089 0.742 0.60  0.000
Pongamia pinnata  Control 0.255 0.517 0.70 0.000 0.495 0.506 0.68  0.000
Half NPK 0.355 0.478 0.62 0.000 0.561 0.464 0.60  0.000
Full NPK -0.130 0.726 0.72 0.000 -0.049 0.739 0.71  0.000
Non-legumes
Azadirachta indica Control —-0.038 0.632 0.57 0.001 0.0641 0.626 0.57 0.001
Half NPK 0.104 0.578 0.50 0.003 0.266 0.567 0.48  0.003
Full NPK 0.069 0.572 0.61 0.000 0.228 0.571 0.61  0.000
Gmelina arborea Control -0.212 0.720 0.65 0.000 -0.155 0.733 0.64 0.000
Half NPK —4.066 0.598 0.75 0.000 0.153 0.595 0.74  0.000
Full NPK 0.606 0.367 0.56 0.001 0.897 0.358 0.54 0.001
Phyllanthus emblica Control 0.091 0.568 0.75 0.000 0.201 0.556 0.73  0.000
Half NPK 0.108 0.539 0.62 0.000 0.232 0.537 0.62  0.000
Full NPK 0.111 0.518 0.65 0.000 0.277 0.496 0.66  0.000
Tectona grandis Control -0.698 0.910 0.60 0.000 -0.592 0.903 0.60  0.000
Half NPK -0.377 0.768 0.76 0.000 -0.214 0.762 0.75  0.000
Full NPK -0.721 0.989 0.81 0.000 -0.623 0.972 0.80  0.000
Terminalia bellirica  Control —-0.054 0.406 0.57 0.001 0.110 0.410 0.57 0.001
Half NPK -0.786 0.932 0.79 0.000 -0.751 0.935 0.79  0.000
Full NPK —-0.938 0.948 0.63 0.000 -0.962 0.954 0.62  0.000

Singh and Singh (2001) found greater average  Singh and Singh (2001) reported a large degree
height, diameter and volume increments for of difference in tree volume ) (Table 17), which
leguminous species as compared to those for nongenerally figures as a proxy parameter for biomass
leguminous species, which indicates that the (Zavitkovskiand Stevens, 1972; De Beilal, 1989).
leguminous species have a higher capacity for growth!n the study of Singh and Singh (2001), this variability
in habitats which are nutrient-po@his might be due ~ was higher among legumes than non-legumas|€T
to the ability of fixing nitrogen in the leguminous 17).When all species were considered togetfuir
species. Their study also emphasised higher foliar Ndose of NPK enhanced tree volume by 13+Zdat

concentration in leguminous species compared to thathe first year of sampling and from 32 to 215 % at the
of non-leguminous species. second year of sampling. Nambiar and Fife (1987)
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Table 16: Regession of cown mass (poxy variable: log, ,crown area in ) to trunk mass [proxy variable: (d?in cm?) (hin cm)]
for nine tree species grown on mine spoil under two levels of NPK and a control. (Source: Singh and Singh, 2001)

Species Treatment Intercept Slope R P
Legumes
Acacia catechu Control -4.83 0.79 0.77 0.000
Half NPK -7.47 1.05 0.69 0.000
Full NPK —7.84 1.11 0.75 0.000
Albizia lebbeck Control -3.23 0.67 0.59 0.000
Half NPK -4.87 0.80 0.73 0.000
Full NPK -6.63 0.97 0.76 0.000
Dalbergia sissoo Control -4.94 0.89 0.42 0.009
Half NPK -7.07 1.10 0.66 0.000
Full NPK -7.93 1.19 0.61 0.000
Pongamia pinnata Control -5.85 0.98 0.49 0.003
Half NPK -3.34 0.73 0.30 0.032
Full NPK -9.82 1.35 0.62 0.000
Non-legumes
Azadirachtaindica Control -8.19 1.16 0.66 0.000
Half NPK -10.91 1.44 0.82 0.000
Full NPK -10.42 1.39 0.91 0.000
Gmelina arborea Control —6.99 1.05 0.73 0.000
Half NPK -5.79 0.91 0.66 0.000
Full NPK -5.03 0.86 0.62 0.000
Phyllanthus emblica Control —4.55 0.88 0.74 0.000
Half NPK -2.78 0.68 0.36 0.018
Full NPK -5.06 0.93 0.79 0.000
Tectona grandis Control -9.61 1.18 0.79 0.000
Half NPK -10.29 1.28 0.83 0.000
Full NPK -12.26 1.49 0.89 0.000
Terminalia bellirica Control -6.54 0.84 0.59 0.000
Half NPK -11.21 1.34 0.85 0.000
Full NPK -13.18 1.48 0.75 0.000

observed that after 2 years of planting, stem volumereported a greater growth response to fertilization after
recorded in fertilizedPinus radiatatrees was 71 % 5 years of fertilizer application in Scots pine.

higher compared to control trees, and after 3.8 years In the study by Singh and Singh (2001), the

T e s e ot iz lots wes ooy
According to Singh and Singh (2001),Ancatechu enh_anced N and P concentratlons_ n the fo_Ilage._In
and G arborea the efect of fertilization on the their study thgy observed_ a pc_)smve _relatlonsh|p
growth of height, diameter and volume was higheratbe'[ween the mprements in height, d_|amet§r and
the second sampling as observed in the first samplingVOI.ume’ and.fohar N and P goncentranons (Fig. 8).
Evidently, higher leaf nutrient status enhanced

indicating age as a variable interacting with growth z ) .
response. SimilarlyNommik and Moller (1981) photosynthetic diciency, mostly in trees on nutrient-
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15 5 emplasises the fathat the initial foliar nutrient status
_ & 5 of plants determine the response of foliar N and P
E5 ot o = © concentrations to fertilization.
1 &9 0o
32 % 6§80 Singh and Singh (2001) observed positive
S A 8 e = . . el .
=g ° o o 0 relationships between the initial height and the
, , subsequent height increment, and initial diameter and
the subsequent diameter increment for trees growing
s O E o on non-fertilized plots (Fig. 9). This emphasises that
23 3 plants which are able to grow to a greater height and
By e - o diameter at the initial phase will also continue to grow
o g more rapidly The amendment of full dose NPK,
gg i i L o R, Po° howeverweakened these relationships, emphasising
- $o° that fertilization results in more uniformity in growth
1
45000
e o) ¥ o)
2 A Control C Control
‘5‘5 | | 15 =
e Z :
g o o o o ] 2
%—f 15000 - o P o g g
% Ogj)@o 6 080 g_' g
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:
Fig. 8: Relationships between leaf nutrient status and _«é %
growth parameters for trees planted on mine spoil. & g
a

Regression equations are (A) y = —-1.73 + 0.554x3R
0.697, P < 0.01); (B) y = 0.027 + 0.587x4R 0.376, P <
0.01); (C) y = —7823.003 + 9530.92x {R= 0.273, P <
0.01); (D) y = —2.55 + 5.625x @R= 0.554, P < 0.01); (E)
y =-0.31 + 8.725x (R=0.431, P<0.01); and (F) y =
—14.958 + 152.040x (R= 0.360, P < 0.01). Data are
treatment means for all the nine species (n = 9 x 3 =
27). (Source: Singh and Singh, 2001)

poor soils. N supply could influence plant growth and
productivity by altering both leaf surface area and
photosynthetic capacity (Sinclal©990; Frederick and -
Camberato, 1995). N content in leaves is related to 12 Heig:”m) 4 5 3 - :em(m)!’ 12
the photosynthetic capagcifyrimarily because major

amount of leaf N is represented by the enzymes of

the Calvin cycle (Evans, 1989). Fahstyal. (1998) Fig. 9: Relationships between initial height (33 months after
observed an enhancement in foliar nutrient plantation) and subsequent annual height increment

concentrations (N P and K) after NPK fertilization and between initial diameter and subsequent annual
' diameter increment for trees planted on mine spoil

Height increment (m per year per tree)

Diameter increment (cm per year per tree)

in five nort'hern hard\_NOOd forest tree spec_ies. The with and without fertilizer (full dose) application.
Study by S|ngh a.nd S|ngh (2001) Clearly p0|nted out Regression equations a (A) y = 0.113 + 0.177x (R =
that the tree species having lower foliar N 0.33, P< 0.01); (B) y = 0.353 + 010x (R = 0.121, P<
concentration are affected more by N fertilization in 0.01); (C) y = 0.688 + 0.038x (R= 0.033, P < 0.05); and

terms of increasing foliar N concentration as compared (D) y = 1.134 + 0.021x (R= 0.005, P > 0.05). Data are
for 135 (nine species x 15 individuals) trees each

to those with agreater foliar N concentraﬂ@glmllar . from control and fertilized (full dose) plots. (Source:
trend was reported for P concentration. This Singh and Singh, 2001)
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among the individuals (i.e. it removes the nutrient young high-density plantations of the two native
poverty of suppressed individuals). In saplings of leguminous Albizia proceraandA. lebbeck and
Banksia grandisalso Abbott (1985) observed a one non-leguminous timber tre@e€tona grandis
positive relationship between height and its species on the soil redevelopment process during the
increment. initial phase of mine spoil restoration. These

_ _ ) experiments were performed at Jayant coal mine
Impact of Plantations of Native Trees on Mine |ocated in Singrauli coalfield region (23°47'-24°12' N
Spoils lat. and 81°48'-82°52' E long.). This study focussed

Tree plantations are considered to have the ability to®" YOUNg plantations of the above three native tree
restore soil fertility and improve micro-climatic SPecies planted on mine spoil in 1990. The stocking

conditions (Singhet al, 2002). The ecological density durirllg the time of plantation was 2500
importance of tree plantations for revegetating Individuals ha“for all the specieéimong these, about
damaged tropical lands has been documented by Lugd 1-88% individuals were able to survive after 3 years.
(1992), Lugoet al. (1993), and Parrotta (1992). For this experiment, three permanent plots (each of
However each plant species possesses its own growtt> X 25 M forA. lebbeclandA. poceraand 15 x 15
properties that characterises its value for stabilizing™ for T- grandig were established for each species
and enriching soil. Grasses and legumes prove to b@lantation. From each plot using 15 x 15 x 10 cm
more effective plant materials for preventing erosion monoliths, three soil samples were collected randomly

in initial phase of reclamatiofiree and shrubs are N September of the year 1994, 1995 and 1996. The
efficient in providing a permanent cover on degraded findings are discussed below

areas with minimgm additional after-care or Physico-chemical Characters

maintenance. By having deep roots, trees could loosen

the compacted soil to greater depth compared toSinghet al.(2004a) reported a general improvement
grassesTree plantations are important nutrient and in the properties of soil due to plantation
carbon sinks, leading to the enrichment of soil fertility establishment#cross the plantations, there was an
and forest re-establishment within which native increase in soil WHC, decrease in bulk density and
species can develop (Lugo, 199Rkes can develop elevation in levels of soil organic C, total N, total P
soils through processes including maintenance orand exchangeable cations. Several studies have
enhancement of organic matter in solil, fixing biological reported that due to tree plantations soil conditions
nitrogen, nutrient uptake from below the reach of roots are improved by increase in the organic matter mass
of under storey herbaceous vegetation, increasedind concentrations of available nutrients and by decline
infiltration of water and storage, reduction in the in the soil bulk density (Millerl984; Sancheet al,
nutrient loss by erosion and leaching, improving physical 1985; Bernhard-Reversat, 1988; Parrotta, 1992).
properties of soil, reduction of soil acidity and However the results are significantly influenced by
improving biological activity of soil (¥ung, 1997).In  the selection of planted species. Some species are
due course of time, trees are able to develop newable to accumulate mass and nutrients more compared
self-sustaining topsoils (Filchewet al, 2000). to others, or they could influence the accumulation of
However influence of trees on the fertility of soil any particular nutrient while others not. Probasbme
depends on their nutrient cycling properties such asspecies might not be able to affect the soil chemistry
litter chemistry and rate of decomposition (Montagnini (Montagniniet al, 1995).

et al, 1995). Some plantation species show high _ _ _ _

nutrient use efficiency and thus contribute more as Organic C is considered important for the

effective nutrient sinks as compared to other speciessgztainap”iﬁyl of vlege;[ation (pragovich & Pe_ltterson,
(Lugo, 1992). In the temperate conditions, broad- 1995). High levels of organic matter may improve

leaved, slower growing native trees are consideredC‘F"p‘F"Cit_y Of_ qggregati'on and infiltration and enhance
more pleasant but have less efficiency for timber the availability of nutrients (NRC, 1981). In the study

production (Filchevat al, 2000). conducted by Singét al.(2004§), maximum org'anic
matter values were observediinlebbeclplantation

Singhet al. (2004a) studied the influence of and minimum irT. grandisplantation (@ble 18), which
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Table 17: Annual height, diameter and volume incements of plants (Mays and Bengston, 1978)_ The benefit of
per tree species grown on mipe spoil uqder two levels of sustaining an adequate N supply to vegetation on coal
NPK and a control. (Source: Singh and Singh, 2001) mine spoil is well reported in literatures (Davison and
Species Treatment Height Diameter Volume Jeferies, 1966; Fitter and Bradsha®974). Efect

(m) (cm)  (cm?) of trees on soil fertility is influenced by their litter
chemistry and rate of decomposition (Filcheval,
2000). In the study of Singdt al.(2004a), maximum
N levels were observed in soil planted wAtHebbeck
a N-fixing plant (able 18).Another N-fixer A.
procera was not found much fefctive in improving

Legumes

Acacia catechu Control 0.7# 1.0% 8618
Half NPK 0.9 1.60° 14016
Full NPK 0.8%° 1.38 12236

Albizia lebbeck  Control ~ 0.6# 0.98  9020' N levels in the soils suggesting that all N-fixers might
Half NPK 0.6 1.2 13825° not be equally efficient in improving soil N levels. This
Ful NPK 076 1.4 18518 may be due to slow litter decomposition and lower

Dalbergia sissoo  Control 0.8 0.98 7514 return of N through litterfall byA. proceraas

compared toA. lebbeck(Singh, 1999)A. lebbeck

has greater decomposition rate (decay constant—1.19
+ 0.04 per year) due to its high quality leaf litter (C/N

= 27; lignin/N = 9.9). Howevethe leaf litter ofA.

Half NPK 0.98 1.02 9587
Full NPK 0.86¢ 1.08 10404
Pongamia pinnata Control 0.7 0.9 5116

Half NPK 0.7 1.0# 6467 procerais slow decomposing (decay constant —0.830

Ful NPK 078 1.5P 10149 +0.02 per year) due to its poor leaf litter quality (C/N
Non-legumes = 34; lignin/N = 33:3)T. grandishas been observed
Azadirachta indica Control 043 083 4004 to have intermediate decomposition rate (decay

Half NPK  060F 101 7012 constant —0.910 + 0.08 per year) due to moderate

litter quality (C:N ratio = 65; lignin/N ratio = 24.33).
Also, in the plantations studied by Sirgjtal.(2004a),
N-fixing efficiency of A. lebbecknhodules was 19%
greater compared . proceranodules, but the area-
FUINPK 119 23% 40930 weighted nodule biomass, in their study was
Phyllanthus emblicaControl 0.32 0.5% 20868 significantly greater foA. procera(0.8-19.7 g mz)
Half NPK 047 0.92  475@

Full NPK 058 0.9% 8583
Gmelina arborea Control 0.6 1.24& 1252%
Half NPK 0.8 1.8 18 642

Table 18: Soil organic C (SOC), total nitogen (TN), total
Full NPK 044 089 4967 phosphorus (TP), ratios (C:N and C:P) and available

Tectona grandis  Control 029 044 1314 nutrients (NH -N, NO,-N and PO,-Pi) in re-developing soil
Half NPK 043 05% 2478 under plantations of three native species on mine spéil

(Source: Singhet al, 2004a)
Full NPK  0.43 0.69 4209
Terminalia bellirica Control ~ 0.32 0.768  251% Characteristics Albizia Albizia  Tectona
lebbeck procera grandis
Half NPK 0.3 0.77 3237

Full NPK 042 1.9 687 Organic C (mg ko) 7456 421P 2611
) . - ) Total N (mg kg 720 549 258
Values in a column for each species superscripted witretift L
letters are significantly different from each other at P<0.05 Total P(mg kg) 192 186" 178
SOC:TN ratio 10.3¢ 7.67 10.12b
_ _ ) ~ SOC:TP ratio 38.83 22.64 14.6F
Ic:orrTzsponds to tge_lr ;e_:spﬁc'i\g; EnglrEary Fr;gt(;((:)tlwty NH, N (1 o) 378 368 230
evels as reported in Singh ( ). Keyal.( ) NOSN (1g o) L67 128 113¢

also reported that soil carbon exhibits linear increase
with increasing percentage @flbizia in mixed
plantations.

Mineral-N g g 5.4% 493 3.43
PO,P (19 g 8.56" 83®  7.33

) ) ) @The values are means across plantation dgieies in a row
Most soils contain low organic carbon content; superscripted with different letters are significantly different from

therefore N is the major limiting nutrient for the growth each other at P<0.05
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compared td\. lebbecK0.2-3.7 g m?) (Singhet al, Table 19: Nitrogen mineralization and nitrification rates
1995). in re-developing soil under plantations of three native

species on mine spdil (Source: Singhet al, 2004a)
Phosphorus is considered as an essential elemer .SL o = -
for the growth of plarst (Dragovich and Patterson, >°' characters IA 'zia Albizia - Tectona
. . . . . . ebbeck procera grandis
1995) and in coal mine spoil sites, itis a limiting nutrient ———
(Bloomfield et al, 1982; Fitter and Bradsha®g74).  Nitrification 246 1.59 1.22¢

1
In the study by Singét al.(2004a), age-related trend (“99— per m?“th)
in soil P was not significant, which indicates N-mineralization 8.73 5.8% 3.87
(ng gt per month)

independent behaviour of Bther studies have also : :

reported least correlation of Bompared to other &The values are means across plantation ¥gleles in a row

nutrients with vegetation parameters (Robettsl superscripted with different letters are significantly different from
” each other at P<0.05

1988). In re-vegetated coastal dunkarde et al.

(1998) observed that P does not correspond with age-

related trend, but rather fluctuates. plantations with poor soil N content had minimum rates

of N mineralization (&ble 19). In Hawaii plantations,

Garcia-Montiel and Binkley (1998) also observed that

A major problem in re-vegetating the land degraded the presence dilbiziaenhances total N pool and N
by surface mining may be the lack of plant available SUPPly to the ecosystem. Parrotta (1992) observed
N (Voos and Sabeyl987). In order to increase N that inAlbizia plantations higher mineral N produced
availability plantation of N-fixers has been suggested Was in the form of N@N, which is in agreement
(Bradshaw1997). Singlet al.(2004a) observed that With the studies from other tropical forest soils
the plant available N levels and rates of N- (Wetselaar1980; Pereira, 1982). Howeyen the
mineralization were always greater in plantations of Study by Singtet al. (2004a), greater proportion of
N-fixer species vizA. lebbeclandA. pocera Singh ~ the mineralized N remained as [¢N. Declining

et al. (2004a) also reported a general positive nitrification could prevent the loss of N from the higher
association between total soil N and the rate of Naged plantations resulting into a tighter N circulation
mineralization (Fig. 10), howevef. grandis  (Singhand Singh, 1999).

N-mineralization

14 - Microbial Biomass
Y=0.91 +0.01X

R’= 0.79; p>0.001

For developing a stable plant community on a degraded
] mined site, a functional soil microbe community is
required (Corbetet al, 1996). Microbial processes
are very important for the revovery of ecosystems
because the activity of micro-organisms could be used
as an index of improvement of the soil genesis in mine
spoils (Schafeet al, 1980; Segaland Mancinelli,
1987). Microbial biomass measurements can provide
one of the major satisfactory estimates for the
restoration of microbial populations in soil (Rets
: al., 1990)A continuous increment in microbial biomass
©0 200 00 400 B0 600 00 800 500 with mine sp0|ls_ age mthe_study of Sirggtal.(2004a) .
4 suggests continuous soil re-development on mine
Total Soil N (mg Kg ') y . .
spoils.Also plantations of dierent species recorded
Fig. 10: Relationship between total soil N pool (x) and N different levels of microbial biomass, where the
mineralization rate (Y) across plantations of maximum values were observed in soil planted with
different age on mine spoil according to Y = 0.91 + N-fixers, A. lebbeckand A. procera In this study
0.01X (R = 0.79) (squae: T. grandis triangle: A icrapial bjomass recovery was much faster

rocerg circle: A. lebbech. (Source: Singhet al, . .
200 4a) b g compared to the recovery of total soil nutrient pools.

—_ -n
o N
1 1

N Mineralization (mg Kg ' month™)
@
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Benthamet al. (1992) reported that during soil
recovery of lignite mining, after 5 years, microbial
biomass exhibited more rapid increment than soil
organic matterin an earlier report, Haet al.(1989)
observed that after 10-25 years of recovery

of Na, K, Ca, Mg and N increased in the study of
Singhet al.(2004a) With soil development, ganic
matter accumulation and N increment takes place in
the mined soil surface (Chichester and Hgu$91).
The rates of accumulation of organic C in young soils

populations of microbes and earthworms and the easilyhave been observed to be 780 kglyra® (Crocker
mineralized N pools had almost redeveloped in minedand Major 1955) and 130 kg ha'lyr-! (Robertset

soil. Howevey total C and N were much slower to
recover

The microbial biomass C: total soil C ratio has
been suggested as a measure of success i
reclamation dbrt (Insam and Domsch, 1988).
continuous increase in microbial C: total C ratio was
reported in the study of Singt al. (2004a) in each

al., 1981) and also as high as 1350 kg'pa?
(Schaferet al, 1980). In the study of Singkt al.
(2004a), the rates of organic C accumulation in the
soil were 1256, 1886 and 395 kg~halin A.
[bbbeck,A. proceraand T. grandisplantations,
respectivelyln a study by Gonzalez-Sangregaeio

al. (1991), total organic C content in mine soil exhibited
increment from 0.2 to 1.4%, mostly after one year of

plantation suggesting that steady state has not IOeegeeding of lignite mine spoil in Spain. In the following

achieved yefA small variation in C/N ratio of microbial
biomass across the age and almost similar situatio
across plantations of different species in 6-year-old

Table 20: Efect of age of plantation on soil micobial biomass
(MB-C), microbial biomass N (MB-N), microbial biomass P
(MB-P), and their contents (SOC, TN, and TP in MB-C, -N
and -P) in re-developing soil of mine spdil (Source: Singh
et al, 2004a)

Soil characters Age
4 years 5 years 6 years

MB-C (ug g9 129.34  229.79 363.1F
MB-N (ng g9 20.03 30.48 43.09
MB-P (ug g9 10.1® 13.92b 17.3%
SOC in biomass C (%)  3.92 5.64 6.89¢
Total N in biomass N (%) 5.06* 7.28 8.20b
Total Pin biomass R%)  6.54 7.34 8.6¢%
MB-C:MB-N 6.612 7.6%F 8.60%
MB-C:MB-P 13.18 17.09 21.66%

aThe values are means across speci&dues in a row
superscripted with different letters are significantly different from
each other at P<0.05

plantations (@ble 20) in the study of Singtt al.
(2004a) suggests that C/N ratios of soil microbial
biomass might reflect the physiology of the organisms
growing with deficiencies of the external N supply
(Jenkinson, 1988).

Accumulation of C and Nutrients

With increasing age, soilganic C and concentrations

rf’/ears, C showed increasing trend, although at a lower

ate, ultimately reaching a value of 2.3% at the end
of the third year

In the study by Singlet al. (2004a) the N
accumulation rate in soil was 82.0, 109.9 and 22.5 kg
N halyr-!for A. lebbeckA. proceraandT. grandis
plantations, respectivelgxhibiting the role of N fixers
in enhancing N accumulation in the soil. In China clay
waste of Cornwall, UK, Robertst al. (1981)
observed 1966 kg hhyr-laccumulation rate for
organic matter and 10.2 kgt for N. Li and
Daniels (1994) reported significant increase in total
N in Appalachian coal mine soils due to accumulation
of organic matter as the age of site increased. N
accumulation was recorded mainly in the upper 0-5
cm soil layer in naturally vegetated mine soil and the
N accumulation rate was 26.4 kghar. Nitrogen
fixing species generally accumulate 50-150 kg N
halyr! (Bradshaw 1983). Species-wise variations
in organic matter and nutrients might be because of
difference in litter input and the rate of decomposition
in plantations. Both the nitrogen fixers had greater
rates of litter fall and input of C, N and P to soil through
litter.

The soil C/N ratio shows changes in the total
organic C and total N (Chichester and Hau$91).
In the study of Singkt al.(2004a), soil C/N ratio in
all the plantations increased with age which is similar
to the observations in other studies suggesting that C/
N ratio increases gradually with time in redeveloping
ecosystems (Crocker and Dickson, 1957; Chichester
and Hauser1991).
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Values of soil C and N in the 6-yr old plantations for plantation on vast areas of degraded lands, due to
on mine spoil in the study by Singh al. (2004a) its adaptability to fairly arid conditionélbiziatrees
were much lower compared to that observed inare pioneers in forest re-growth and produce large
nearby native forests (Roy and Singh, 1994). Severalamount of seeds and exhibit rapid growth (Parrotta,
other studies have also reported that primary or young-1992). Albizia lebbeckis native tree of the Indian
growth forests store lower amounts of Nafd K in sub-continent, and nowadays, it has been cultivated
the mineral soil as compared to the old growth forestsin tropical and sub-tropical zones Ammerica and
(Entry and Emmingham, 1995). Schadéal. (1980) Caribbean countries and also in south-gesia
observed that many properties of new mine soils (Kumar andloky, 1994) Albizia proceracommonly
approach levels as observed in natural soils in aroundccurs inAfrica, Asia,Australia, Caribbean, Central,
tens of years. Many studies are available to suggesNorth and SouttAmerica. In India, the species is
that the levels of organic matter are commonly lower frequently distributed throughout the sub-Himalayan
on reclaimed mine sites than found in natural sitesbelt and is generally found &ssam, Bengal, Chota
(Schaferet al, 1980;Toy and Shayl987;Aardeet Nagpur Western Ghats, Madhya Pradesh and Uttar
al., 1998). Pradesh (foup, 1921).These two species are

moderate-sized, deciduous, nitrogen-fixing and

Comparative Performance and Restoration endomycorrhizal trees (Singt al, 1995). Singlet

Potential of Two Species of\lbizia Planted on  @l. (2004b) compared the performance and effect of
Mine Spoil young plantations of two indigenoAdbizia species

(Albizia lebbeckand Albizia procerg on the soil
Individual plant species could influence ecosystem redevelopment processes during the early phase of
processes and could affect nutrient dynamics bymine spoil restoration. Experiments of Singthal.
several mechanisms (Hooper aviiousek, 1998;  (2004b) were executed at Jayant coal mine located
Singh and Singh, 1999). Therefore, the selection ofin Singrauli coal-field region (23°47'—24°12' N lat. and
plantation species might influence both the rate andg1°48'-82°52' E long.). Plantationsiflebbecland
the trajectory of re-vegetation processes (Parrotta,p procerawere developed in July-August 1990 by
1992). Desirable species for plantation on mine spoilsgrowing 7-8 months old seedlings raised in nursery in
should have properties such as (i) ability to grow on pits of 40 x 40 x 40 cm size at a spacing of 2 x 2m.
poor and dry soils, (ii) capable of developing the apout 200 g soil from adjacent forest was added to
vegetation cover in minimum time period and could each pit as inoculant for rhizobia and mycorrhizal fungi.
accumulate biomass rapig(ifi) ability to bind soilfor ~ Three permanent plots, each 25 x 25 m in size, were
preventing soil erosion and nutrient loss, and (iv) ability randomly established in the plantations of both species
to improve the soil organic matter and microbial i 1993 At the time of plantation, the stocking density
biomass, leading to ample supply of plant available as 2500 individuat ha'. About 88% individuals
nutrients (Singh and Singh, 1999). Once soil fertility were found to survive after 3 years of plantation
is enriched, the habitat becomes suitable for the(Singh, 1999). In each plot, all individuals were
development of more desirable speckescompared  measured for dbh (diameter at breast height) in 1993,
to non-leguminous species, N-fixing species are and re-measurements were done each year up to
observed to have a characteristic effect on soil fertility 1996. Dinanath gras$énnisetum pedicellatym
by producing easily decomposable, nutrient-rich litter was sown (6 kg hd) in these plantations on June

and fast turnover of fine roots as well as nodules 1994 for controlling soil erosion and nutrient loss due
(Bernhard-Reversat, 1988; Montagnini and Sancho,tg run-of. Their findings are discussed below

1990). The principal way by which N accumulation
in re-vegetating ecosystems can be increased is bygiomass and Net Primary Production
the use of legumes (Bradsha®997). However
according to Dobsoat al. (1997), plantation of N-
fixing species needs proper knowledge of their
physiology and their soil preferences.

The biomass per unit area is considered as the primary
inventory data for understanding water and nutrients
cycling in the ecosystem (Swank and Schreuder
1974). Biomass accumulation results primarily from
Albiziais considered a potential leguminous tree the balance of photosynthesis after subtracting loss
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due to respiration. The net assimilated C is allocatedbranches and coarse roots there is some increase.
to supporting organs (coarse roots, stem wood, _ _
o g ory ( The net primary production of the tree layer of

branches), leaves (light capturing) and nutrient-A lebbeclandA | : 17 0-25.4 and
capturing parts (fine roots, root exudates, mycorrhizae), ebbeclandA. proceraplantations (17.0-25.4 an

) 1 : )
reproductive tissues (seeds and fruiting structure) and10'8I 1931 Eéyrb,l respectively) reported b_y ?lngh
storage (carbohydrate in ray parenchyma cells, fineSt &l- (2004b) (Bble 31) was greater or similar to
roots and foliage) (Ranet al, 1997). In the study by that of the adjom_lng native _dry tropical forest @3- _
Singh et al. (2004b), the two leguminous species 19.2 tha'yrs™; Singh and Singh, 1991a; Chaturved

exhibited marked differences in biomass accumulation® al, 2011; Chaturvedi and Raghubansihi, 2015).
and allocation (able 31). Lugoet al.(1990) reported 6.0-32.2 tthar* above
ground net production for 5.5-yr old dense and

A. lebbeckplantation attained a much higher intensively manageA. proceraplantation in Peurto
tree layer and total vegetation biomass as comparedRico. Singhet al. (2004b) measured the relative
to A. procera However A. lebbeckshowed very  contributions of short-lived and long-lived components
poor perfornanceon sodic soils at Banthra in India; of tree to the tree biomass and NPP for the two
5-yr old plantation attained only 0.5 thabove ground  plantations at 6 years ageple 21)The contribution
biomass and thereafter was complete failure of foliage and small root (<5 mm diameter) to the
(Chaturvedi and Behl, 199&.5.5-yr old intensively ~ biomass was very low compared to that to NPP
managedA. procera plantation, growing on (Table 21). On the other hand, they observed greater
agricultural land, in Puerto Rico documented 124 t contribution of the long-lived component (stem) to
ha! above ground biomass, which resulted into net biomass compared to NPhus, the contribution of
accumulation rate of 22.5 t Hgr! (Lugo et al, short-lived components was higher for the ecosystem
1990),while in the study of Singét al. (2004b), the  function than long-lived components which exhibited
net accumulation rate of 4.6 tHa—was observed  higher contribution for the structure. M procera
in theA. proceraplantation on mine spoitheAlbizia plantation, foliage contributed higher for structure and
plantations in the study of Singhal.(2004b) recorded  ecosystem function, while iA. lebbeckplantation
very high biomass compared to that found on 5-year-contribution of stem was more. The two species
old naturally vegetated mine spoil in the same area,recorded marked difference in allocational strategies.
where the total stand biomass was observed only 7 t
ha' (Jha and Singh, 1991).

Table 21 : Pecentage contribution of diferent components
Often allocation to large support roots is to biomass and production of the 6-year-old plantation.

estimated by a simple allometric relationship, such as(Source: Singhet al, 2004b)
20% of the total biomass of tree (Goweérl, 1995).

However tree can change allocation pattern according
to changes in both aerial and soil conditions (SandsFoliage

Components Albizia lebbeck Albizia procera

and Mulligan, 1990). In the study by Singh al. Biomass 12.4 20.1
(2004b), below ground allocation was greateAin Net primary productivity 332 50.7
procera (x = 40%) compared té\. lebbeck(x = Stem
26%). Therefore, the relative development of above gijmass 63.0 47.7
and pelow-gr_o'und porr_uponents on mine spoil was Net primary productivity 40.9 31.0
species-specific which is also reported by Sands andS Il root
Mulligan (1990). Misraet al. (1998) for young mafroo

Biomass 1.6 21

plantation ofEucalyptus niteng Australia reported
that below ground biomass was mainly composed of _Net primary productivity 4.2 5.1

coarse roots which increased as the size of trees

increasedwith increase in size of trees or production

of biomass with increasing age of plantation, there isBecause of the higher biomass allocation to foliage in
asymptotic decline in the contribution of leaves, fine A. procera the biomass of foliage on per unit area
and medium roots to total biomass, while that of stem,was found similar for the two species.
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Leaf Litter Decomposition and Nutrient Deposition  Thus, therelease ofutrient, mainly N from leaf

on Plantation Floor litter of A. lebbeckwas also greater compared to
, : the release of nutrient from the leaf litter Af
The quantity of leaf fall and the concentration of procera

nutrients in the senesced leaves are considered as
the most important attributes of nutrient cycling. The
litter-mass accumulation and nutrient enrichment in

plantations are also supposed to be important fororganic C is an important soil nutrient for the
controlling soil erosion and for assisting vegetation yegetation sustainability (Dragovich and Patterson,
growth (Cuevas and Lugo, 1998). Fast foliage turnover1995). When the level of organic matter in mine spoil
(1 year) and its high share in NPP consequently leathecomes high, it is expected to increase aggregation
to the deposition of a considerable amount of nutrientsgng infiltration capacities leading to increase in the
on the floor of the plantations. In the study by Singh ayailability of nutrients (NRC, 1981). Omoelt al.

et al. (2004b), higher amounts of N and P were (1975) indicated that organic matter is particularly
deposited as the age of plantations increabedl  influential for augmenting and improving plant growth.
N deposition inA. lebbeckplantation was greater Sl organic C is a parameter which points out the
compared toA. procera mostly at ages of 5 and 6 guantity of dry matter deposition in the form of litter
years. This difference was due to higher nitrogen fa||. Giardinaet al.(2001) reported that high quality
concentration in the leaf litter &f. lebbecksince jitter results in the development of high quality organic
the total foliage biomass (i.e. total leaf fall) was c and N in the soil. In the study by Sirggtal.(2004b),
statistically similar between the two species. P sgjl C and N enhanced with the age of plantation for
deposition did not exhibit significant difference poth species (Fig.1). They observed considerably
between the two species. greater soil organic C valuesAn lebbeclcompared

to A. proceraplantation however; the amount of litter
fall did not show substantial difference between the
two plantations. Evidently higher amount of C was
transported in the soil undarlebbeclkdue to greater
rate of litter breakdown.

Impact of Plantation on Soil Fertility

Nutrients are released from the deposited litter
for reusing by plants and the microbial community in
soil after decomposition and this nutrient release
depends on the rate of decomposition. Sieghl.
(2004b) reported low decomposition rates on the mine

spoil, which is in conformity with several other studies Nitrogen is considered as the most important
(Lawrey, 1977a; Carreet al, 1979;Wiederet al,  nutrient for plants. It is the principal element in soil
1983; Singh and Singh, 1999). The rate of litter processes, and it is not found in a mineral form, and
decomposition could act as an indicator of the recoveryiherefore it is absent from the primary minerals
of soil ecosystems, because it mainly controls nUtriem(Bradshav,v1997).Thus, N is a major key element in
cycling (Miller and May 1979). The litter  sojl restoration (Bradshaet al, 1982; Kendle and
decomposition rate was observed much fasteffor Bradshaw1992). In the study of Singtt al.(2004b),
lebbeckcompared toA. procera The leaf litter of  total soil N was higher fok. lebbeclplantation (Fig.

A. lebbeckshows 50% decomposition in 213 days 11), as a result of higher N deposition through litter
and 95% decomposition in 922 days, while leaf litter t)|. Like N, P is also an essential element for the
of A. proceraexhibit 50% decomposition in 307 days growth of plants (Dragovich and Patterson, 1995) and
and 95% mass loss in more than 1000 days. The lown coal mine spoil sites, it is basically a limiting nutrient
decomposition rate dk. proceraleaf litter might be  (Bloomfield et al, 1982). Singtet al.(2004b) found
because of lower N concentration and greater ligninthat soil total P exhibited an age-dependent behaviour
concentration. The lignin content observed in the leafpt not PQ-P. They observed age wise increase in
litter of A. lebbeckvas 16.6%, while ifh. procera  the soil C:N ratio in the plantations Af lebbeclkand

it was 43.6% (Singh, 1999). Several studies havea pocera(Fig. 11). It has been suggested that the
documented control of decomposition rate by lignin widening of C:N ratio reflects the effect of vegetation
and polyphenol (Meentemey@078; Beg and $aaf,  (Crocker and Dickson, 1957). Many studies have
1980;Tayloret al, 1989; Mc Claughertgtal, 1985, reported increase in C:N ratio with time in re-
Mc Claugherty and Berg, 1987; Northefral, 1995).  yegetating ecosystems (Chichester and Halsed.;
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Fig. 12: Mineral N (NH,-N + NO,-N) and available
10

1 phosphorus (PQ,-Pi) in re-developing soil under
plantations of A. lebbeckand A. proceraon mine

Age (yr) . .
spoil. Bars are +1S.E. (Source: Singlet al, 2004b)

Fig. 11: Soil organic carbon (SOC), Kjeldahl N (TKN), total O AR bR o AR B

phosphorus (TP), and their ratios (C/N, C/P) in re- ol
developing soil under plantations on mine spoil.
Bars are in £1S.E. (Source: Singtet al, 2004b) 3.5

Lanning andWVilliams, 1979; Singh and Singh, 1999).

Through the process of mineralization the level
of available N increases in the soil (Lindemaial,
1989). Singtet al. (2004b)reported that the level of
available N and N-mineralization rates were greater

-
w

1
—t4
—

Nitrification (ug g”' month™")
- NN @
o w o
1 1 1

in A. lebbeckcompared toA. procera plantation - T T 1
(Figs. 12 and 13). Howevehese mineralization rates
are lower compared to those reported in the natural 115

deciclous forests (upto 18y g~ montirl, Singhet

al., 1989). Observations by Parrotta (1992) indicate
that average nitrogen mineralization during a 22-day
in situincubation to 30 cm depth, was approximately
39% higher inAlbizia plantation (8..g g soil)
compared tocontrol (without plantations) (5.8
g™). The rate of N-mineralization exhibited significant
increase with age in plantations of both the species

N-Mineralization (ug g” month™)
~ @ © 3
1 1 1 1

(Fig. 13). The rate of N-mineralization at 6-yr old 4 : ; i

mine spoil was one and half-times higher than that at 4 5 6

4-yr old, but the variations in the concentration of Age (yr)

mineral-N in soil with age were not significant. Fig. 13: Nitrogen mineralization and nitrification rates in
According to Richteret al. (1999), the forest redeveloping soil under plantations ofA. lebbeck

and A. proceraon mine spoil. Data points in +1S.E.

ecosystem which is aggrading is a strong C sink and _
(Source: Singhet al, 2004b)
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as the demand by the aggrading plant biomass [ Amwizia tebbeck Albizia procera
increases, the accumulation of available N and P in

the soil declines. Greater rate of mineralizatioA.in o -
lebbeckout similar NH-N levels, pointed out higher g § 400 —
soil N uptake by the more productive lebbeck Sz
compared toA. procera In majority of forest 35 "
ecosystems maximum available N produced is nitrate- £ 2 290
N (Bernhard-Reversat, 1988; Pereira, 1982). = r'bh r%
However contrary to this, in the study of Singhal. 100 T 1 1 1
(2004b), maximum N mineralized was [#HN. Other 70 -
studies in adjoining forest and bamboo plantations have =
also reported that the dominant form of available N é' § 56 -
was NH~N (Jhaet al, 1996; Singh and Singh, 1999). sz -
In the study of Singbt al.(2004b), the absolute rate 5 e
of nitrification decreased with the availability of § 2 o = -
N (N-mineralization), suggesting a tightening of N- = Il% g
cycling as also observed for bamboo plantation on 14 : 7 f '
mine spoil (Singh and Singh, 1999). s
Re-establishment of soil organisms is an
important part of successful restoration effort % -
(Scullion, 1992), as disruption of the biological activity § 8 217
of soil occurs during the process of mining and ig__w‘?
rehabilitation (Dragovich and Patterson, 1995). For a Lg 'g w—
successful reclamation programme, development of g S
an active microbial community is being considered as
an important componentdfie and Klein, 1985). Singh 7 -
et al. (2004b) observed aggradation of the soil 4 5 6
microbial biomass with age of mine spoil, and it was Age (yr)
greater forA. lebbeckthan for theA. procera Fig. 14: Soil microbial biomass C (MBC), microbial biomass
plantation (Fig. 14). The microbial biomass levels at N (MBN), and microbial biomass P (MBP) in re-
6-yr old spoil were lower than those observed in the developing soil under plantations ofA. lebbeckand
native forest ecosystems, but are almost similar to A. proceraplantations on mine spoil. Bars are in

the values documented for 20-year-old naturally *1S.E. (Source: Singhet al, 2004b)

regenerating mine spoil (Srivastasteal, 1989).
positive relationship between microbial C and total

Soil microbial biomass is considered as a function soijl C, and between microbial N and total soil N (Ruess
of soil organic C and N. The study of Singhal.  and Seagle, 1994; Singh and Singh, 1995). Further in
(2004b) reported a positive exponential relationship the study of Singtet al. (2004b), the proportional
between soil organic C and microbial biomass C, andjncrement with time in microbial biomass was
soil N and microbial biomass N. When data were considerably higher compared to the proportional
pooled across age and replicates, microbial biomassncrement in soil C or N. For example, microbial C in
C (Y) was related to soil organic C (X) according to A_ |ebbeclplantation at 6-yr old spoil was 3.2 times
Y = 23.128 &%9X(R? = 0.87, P < 0.0001) id.  of that at 4-yr old spoil but soil organic C at 6-yr old
lebbeck andY = 56.766 &2°2°X (R* = 0.7272, i< gpoijl was only 1.5 times of that at 4-yr old spoil. This
0.001) inA. procera Similarly, microbial biomass N result is similar to the reporting of Powlseh al.
(Y1) was related to soil N (X1) according Y= (1987), Saffignaet al.(1989), and Singh and Singh
0.727 &3°1%1(R? = 0.653, P < 0.001) iA. lebbeck  (1999). Therefore, the soil microbial biomass level

andY1 = 5.5133 & 7%2X1(R2 = 0.716, R 0.001) in  could give an early sign of changes in soil organic
A. procera Several studies have also reported amatter
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Tree Canopy Development irYoung Plantations H. contottus and P. pedicellatum

A mosaic of monocultures composed of many different Jhaet al. (1999) observed that after three years
species may produce an acceptable level of landscapef revegetationG. arborea, P pinnataandL.
diversity Besides the establishment of tree speciesleucocephalaattained 3.05 m and 6.28 cm, 2.67 m
mixture or mosaic of monocultures, development of and 4.1 cm, and 2.54 m and 3.02 cm height and
ground flora is suggested to further improve the diameteyrespectivelyln the case db. strictus the
stabilization of the community (Sing al, 1995). number of culms/clump ranged from 2 to 7 having
The multi-stratal vegetation is necessary for creationheight 2 to 5 m and diameter 1.91 to 3.82 cm (Singh
of diverse ecological niches as well as for the et al, 1996).

conservation of soil and water (Jha and Singh, 1994). ,

Jhaet al. (1999) investigated the growth of seeded . Jhaet al. (1999) reported_ th_at t(.) increase _the
grassesHeteiopogon contaius and Pennisetum diversity of herbaceous I_ayethlnn'lng is needed in
pedicellatumin the plantation plots of different tree young plantatl_ons on mine spoils a]_‘ter three-four
species after three years of plantation. This study wagd €ars- Otheans_e, the ground flora will be removed
performed at Jayant coal mine located in Singrauli after the gstabllshment of dense treg canopies.
coalfield region (23°47'-24°12" N lat. and 81°48"— contortus is more hardy t_harIP. pedicellatum
82°52' E long.). In this stugiree monocultures were Therefore, for ground seedinig, contortusshould

developed in about 2 ha area in July 1993. Nurseryb(_e given preferencg comparedRopedicellatum
raised seedlings of following tree species were Biomass accumulation observed by éhal. (1999)
planted: Acacia catechu, Albizia lebbek, was_ more forH. contottus compared toP.
Azadirachta indica, Dalbeayia sissoo, pedicellatum

Dendmcalamus strictus, Phyllanthus emblica,
Gmelina arboea, Leucaena leucocephala,
Pongamia pinnata, dctona grandis and
Terminalia bellirica Plot size for each species was
20 x 20 m with three to six random replicate plots. The establishment of herbaceous layer is necessary
The spacing between/within rows was 2 x 2 m. for the restoration of extremely degraded habitats
Ground seeding was done in July 1993, and repeateduch as coal-mine spoils. Here the primary objective
in June 1994 and June 1995 with grasBesnisetum  for re-vegetation is the soil erosion control through
pedicellatumand Heteropogon contotus in plant cover in the short-term and the establishment of
between rows of plantationst peak growth period,  a self-sustaining community by colonization of native
i.e., in October of the year 1996, above-ground biomassplants in the long-term (Jha and Singh, 1993).
of grasses was measured under tree canopy and iRlantations of selected suitable tree species of variable
open area. potential heights and ground layer seeding with
grasses and leguminous forbs is suggested as a low-
input technique for the development of a multi-stratal
vegetation canopy on the mine spoils (Jha and Singh,
1994). The grass cover adds organic C to the spoil,
as well as serves as a trap for wind blown seeds and
other material and as mulch. Therefore, it is important
to know how and to what level the developing canopies
of planted trees affect the growth of seeded grass.

Influence of a DevelopingTree Canopy onThe
Yield of Pennisetum PedicellaturBown orA Mine
Spoil

After three years of the development of
vegetation, Jhat al. (1999) found that the seeded
grassPennisetum pedicellatumvas completely
removed by the dense canopyGielina arboea
However under the dense canopy@farborea the
growth of Hetelopogon contdus was satisfactory
The above-ground biomass Hf contortusunder
the dense canopy @. arborea was 742 g 17,
whereas in open area it was 2564 9.im open area Tree canopies substantially improve the micro-
the above-ground biomass Bf pedicellatumwas environment and modify below-canopy structure and
1734 g m?, whereas it was nil under the dense canopyfertility of soil conditions (Véltzin and Coughenour
of G arborea It was also observed that the dense 1990). Trees can either support or harm the grass
canopies ofD. strictus, P pinnata and L. production by altering the availability of resources to
leucocephalacompletely removed the seeded grass understorey grasses @faas, 1992). In tropical
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forests, where light falls perpendicular to the ground, sparse part of the cang@nd (3) in the opehese

light declines gradually from gap centre to edge, andlocations represented an increasing gradient of canopy
from above canopy to below-canopy locations openness.

(Chazdon, 1986; Denslow987). Influence of gaps _ _

on the development of woody plants in tropical forests Slnghet al.(1997_) reportgd that b!oma}ss of the
has been reported (Denslat®80; Denslow1987), _grassPenmsetum pedicellatudiffered S|g_n|f|can_tly
however little research has been done to observe thd! harvest plots present below the canopies of different

effect of canopy openness on ground layer herb:;)ree specu}:‘s dble |2f2)'Th'S V‘:]‘F'?l“"”hfg?‘y oceur
communities in tree plantations. Singhal. (1997) ecause of several factors which exhibit variations

estimated shoot and root biomass yield of the grassamong tree speciesree SPecies may changg the
Pennisetum pedicellatunsown below-canopy below-canopy structure _and fertility of soil (awz_m
canopy edge and in open locations in young and Coughenourl990), intercept and re-distribute

monoculture stands of eight tree species planted on éainwate'r on the basis of canopy "_ind bark
coalmine spoil. Study of Singét al. (1997) was characteristics (Pathadt al, 1985) and withdraw

performed at Jayant coal mine located in Singrauli hutrients In varying 'amou_nts from Fhe Senescing
coal-field region (23°47'-24°12' N lat. and 81°48'— leaves, leading to variable litter qualityif®usek and
82°52' E long.). Several tree monocultures were Sanford, 1986) and consequently exhibiting variations

planted with 2 x 2 m spacing in 1990-1991. Mine spoils in the release pattern of nutrients (Upadhyay and

were fresh at the time of planting, and natural S_ingh, 1989)._These ff”‘Ctors show d_ifferent effect for
f different species, leading to change in the sub-canopy

vegetation was absent. Irrigation and fertilization o _ )
environment to varying degreesefdas, 1992).

trees was not done. Singhal.(1997) selected eight

tree species for the studyleasurement was done in One major process by which trees modify the
the year 1994 for height, stem circumference at breastnyironment of sub-canogyoweveris the direct solar
height and crown shape. In these plantations,radiation interception, which may also reduce the soil
Pennisetunseeds (6 kg g were sown in June  temperatures and evapotranspiration affecting the
1994 after light ploughing, and data on grass biomassyelow-canopy soil moisture regimeefdas, 1992).
were recorded at peak growth in November 1884. | jght interception show considerable variation among
each tree plantation, Singh al. (1997) established  species depending upon the canopy architecture and
three permanent plots, each 15mx15m, and thre&ne width, as well as, inclination of leaves. Canleam
locations were identified in each plot: (1) below- 3| (1994) reported that different canopy tree species
canopy: directly under the densest part of the treemay show variation in interception of light, therefore
canopy near the bole, (2) canopy edge: under the mosgee species may affect the growth of saplings. The

Table 22: Shoot and oot biomass ofPennisetum pedicellatunat three locations in diferent tree plantations. (g m9. (Source:
Singh et al, 1997)

Tree species Shoot Root

Below-canopy Canopy edge Open Below-canopy Canopy edge Open
Albizia lebbeck 43, 91 294, T, b7, 43,
Albizia procera aboj4Q, 65, - a4 abys,
Azadirachta indica 104, abx91, - b16, beaQ,
Cassia siamea 37, 73, b144 a, b15, 238,
Dalbergia sissoo €215, 221, - 432, %50, -
Eucalyptushybrid be316, - 4582, bedsg, - g,
Grevillea pteridifolia be316, - abcdggp  ci46, - agQ,
Pongamia pinnata be172, P483, 7T abeQ, 285, P11§,

Values in a column with di#rent superscripts are significantlyfdifent (P< 0.05) from each other
Values in a row within a component (shoot or root) witfed#nt subscripts are significantly fifent (P< 0.05) from each other
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measurements of incident percentage sunlight byedge to open location was observed in all tree species
Singhet al. (1997) showed a significant difference plots (Table 23).These diferences in light
due to tree species dle 23).When Singhet al. environment were significantly correlated with the
(1997) treated percentage light values as co-variatebiomass accumulation iR. pedicellatum the

in theANOVA for analysing the &dct of tree species  percentage of full sunlight accounted for 77.7 % and
on grass biomass in below-canopy locations, the82.6% of the variation in shoot and root biomass of
differences in grass biomass due to tree species (dthe grass, respectively (Fig. 15). Therefore, the incident
7; 16) became non-significant (for shoot weight, F = light gradient, instead of root competition, could be
1.543, P =0.227; for root weight, F =1.384, P = 0.281; the major factor influencing the variation in grass
and for total plant weight, F =1.708, P = 0.182). Thus, biomass from below-canopy to open locatidiree

light regime variability in the study of Singdt al. canopy light interception has been suggested as the
(1997) was the only important factor causing variation major important factor responsible for the decline of
in grass biomass in below-canopy locations of the grass layer biomass and productivity under tree
different tree species. canopy despite soil nutrient enrichment by the tree

layer (Stronget al, 1991; Mordelet and Menaut,
The study of Singlet al. (1997) emphasised ver ( *®

that irrespective of the tree species, the biomass o° 000

grass declined from open to below-canopy through E
canopy edge location §ble 23. Several savanna -
ecosystems have also reported lower grass productiol =
under tree canopies (Mordelahd Menaut, 1995). = -
Competition between tree and grass roots for uptake ¢ 100
of nutrients and moisture might be one possible reasor g ;
for reduction in grass biomass from open to below- - -
canopy location. Ellison and Houston (1958) reported e :
reduction in herbaceous production under the canopy cE! =
of western aspen tree than observed in the canop' o
openings, and assigned this effect to root competition @ 10 -
from aspen. E”6°
In the study by Singét al.(1997), an increasing B
light availability gradient from below-canopy to canopy -
1 1 llIIllLI 1 llllllll
1 10 100
Table 23 : Pecentage of full sunlight at t.hree locations in % full sunlight
different tree plantations (%). (Source: Singhet al, 1997) °
— ® Shoot -=-=0 Root
Tree species Below Canopy Open
canopy edge Fig. 15 :Relationships of shoot and oot biomass (Y g n?) of
P. pedicellatumwith percentage incident full sunlight
Albizia lebbeck .77, %.9Q, 413.58 (X). The regression equations are: for shoot biomass,
Albizia procera %.0Q, b9.42 . log Y = 1515 + 0.822 log X, R= 0.777, P = 0.000; and
. . for root biomass, log Y = 0.712 + 0.838 log X, R=
Azadirachtaindica  "3.71, 8.21, 0.826, P = 0.000. (Source: Singét al, 1997)
Cassia siamea ab1.61, %4.78, 313.42
Dalbergia sissoo  ©7.65 28.34 - 1995). The assimilation rate in the leaves which remain
Eucalyptusiybrid ~ 917.7Q - °41.92, continuously shaded under canopies can be five to
Grevillea pteridifolia  923.0Q, - v38.9Q, six times lower compared to that in leaves present in
Pongamia pinnata 5,50 abg 57, b31.28, 2ggg)conditions in full sunshine (Mordelet and Menaut,

Values in a column with d#rent superscripts are significantly
different (P< 0.05) from each othéralues in a row with diérent

Singh et al. (1997) expected a significant
subscripts are significantly different (P < 0.05) from each other 9 ( ) P 9
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difference on shoot: root ratio due to the effect of clumps in each plot ranged from 45-47. In each plot,
light conditions, according to which the shoot: root five clumps were randomly marked and the culm
ratio is commonly observed to increase along anumbers in each clump was recorded annually from
gradient of decreasing light (Hunt, 1975). However 1994 (3-yr old) to 1996 (5-yr old). Categorization of
in the study of Singlet al. (1997) the variations in  the bamboo shoots was done into current,yadr
shoot: root ratio exhibited non significant effect both and standing dead shootdl culms were measured
across tree species as well as locations. Evidemtly 10 cm above the ground for stem circumference and
the grass species selected by Sieghl. (1997) the  tallied into five size classes between 5 and 15 cm at 2
shoot and root growth were equally affected by the cm intervals. Harvesting of fifteen culms of different
level of light intensityand remained strongly related size classes was done for biomass estimation. The
with each other across the light conditions. oven-dry weights of different components, viz., stem,

. . . foliage, rhizome, and root were determined. Important
Biomass, Net Primary Production and Impact of findings of the study are discussed below
Bamboo Plantation on Soil Re-Development

. , _ .. Culm Recruitment and Mortality
The effect of plant species on the soil of mine spoil,

which is undergoing re-development under plantations,In D. strictusculms emerge frorthe nodes located
may vary from species to species. For example,on the rhizomes of the previous year culms during the
Alexander (1989a) arlexander (1989b) studied the rainy season and grow to full height before branching
development ofAcacia albidaand Eucalyptus  in about 3-4 months. The production of new culms
camaldulensin the tin-mine spoil in Jos Plateau, shows linear relationship with the number of old culms
Nigeria, and compared their effects. They observedin a clump, and many of new culms are produced by
that due toA. albidaplantation physical, as well as the rhizomes of 1-2 yr old culmsdifhar 1963) Taylor
nutritional levels of soil improved in the top 20 cm of and Zisheng (1987) observed mean annual culm
the soil beneath its cangmoweveE. camaldulensis  recruitment between 8.2%4rgesia spathacgand
plantation exhibited a gradual increase in the acidity 13.7% Eargesia scabridain bamboos which are

of soil and reduction in base content of the a4@. the dominant under-storey species under montane and
believe that for planting a desirable species on minesubalpine forests of Sichuan, China, @&rigathi and
spoils, the species should possess the ability to (i)Singh (1996) found 10.6-12.3% culm recruitment in
develop on poor and dry soils, (ii) improve the the plantation of matur@. strictusin the Indian dry
vegetation cover in a short time and increase biomasgropics. In the mine spoil plantation studied by Singh
rapidly, and (iii) increase the quantity of soibanic and Singh (1999), the annual recruitment varied from
matter and microbial biomass, thereby increasing the18% (between the'Band 4" year) to 36% (between
plant available nutrients in soil. Besides, the species4th and 5th year)Among the three species of
should possess properties for multi-purpose economid-argesiag the annual mortality varied from 8.5% to
use. Singh and Singh (1999) investigated the impactl0.6% (Taylor and Zisheng, 1987), and in the mature
of D. strictuson soil properties during the initial stage D. strictusplantation it varied from 6.6% to 10.6%
of mine spoil revegetation. Through the research (Tripathi and Singh, 1996)These reports are
findings of Singh and Singh (1999) we could comparable to the mortality rates observed by Singh
understand the processes involved in soil re-and Singh (1999) for thB. strictusplantation on
development following extensive ecosystem mine spoil (6-7%). Thus, this study proves that the
degradation. Experimental plots used by Singh andmine spoil habitat is suitable for the growth and survival
Singh (1999) were located at Jayant coal mine inof D. strictus

Singrauli coalfield region (23°47'-24°12' N lat. and . _

81°48'-82°52' E long.Pendiocalamus strictusras ~ Biomass and Net Primary Production

planted in July-August 1991 on fresh mine spoil by 8- o piomass per unit area is considered as the primary
month old nursery-raised seedlings in previously dugjentory data for understanding the cycling of nutrient

pits (40 x 40 x 40 cm) at a spacing of 2x 2 m. In the 54 \water in the ecosystem. Singh and Singh (1999)
bamboo plantation, three plots, each of 15 x 15 Mygqqtaq that the bamboo plantation established on
area, were marked in 1994. Number of bamboo e mine spoil accumulated a considerable amount of
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Table 24: Oven-dy stand biomass of bamboo plantation at
different ages on mine spoil. (Source: Singh and Singh,
1999)

Components Biomass (t ha)
3-year ol@ 4-year old@ 5-year ol@

Foliage 6.12 7. 10.7
Current shoot stem 4.5 3.7 5.4

Old shoot stem 15.3 19.68 26.4
Dead shoot stem 4.5 5.3 6.7
Rhizome 11.¢ 14.(2 18.8
Root 3.6 4.12 52

Total 46.9 55.8¢ 747

a/alues in a row superscripted with féifent letters are
significantly different from each other at P < 0.05

biomass (@ble 24). Compared to 30-49 tHaiomass
accumulation in the study of Singh and Singh (1999),
several bamboo forests and plantations have
documented 0.8 to 24 t Haabove-ground biomass
(Veblenet al, 1980;Taylor and Zisheng, 1987; Rao
and Ramakrishnan, 198B;jpathi and Singh, 1996).
The above-ground biomass observed for other bamboc
species across the globe Sasa kurilensig Japan

(90 t hat, Oshima, 1961)Chusquea culeoin San
Pablo,Andes (158.8 t i, Veblenet al, 1980) and
Arundinaria alpinain Kenya (100 t hd, Wimbush,
1945). In the adjoining native dry tropical deciduous
forest, above-ground biomass varied between 32-36:
t ha' (Singh and Singh, 1991a; Chaturvetil, 2011;
Chaturvedi and Raghubanshi, 2015). In the native dry
tropical forest, 86% of the tree biomass was
contributed by above-ground component and 14% by
the below-ground component, while in the study of
Singh and Singh (1999), the contribution was 65% for
above-ground and 35% for below-ground component
in the bamboo plantation. In the study of Singh and
Singh (1999), foliage biomass accounted for 14% of
the total biomass compared to 7% reported for the
native dry tropical forest (Singh and Singh, 1993),
which is considered to contribute a high level of
primary productivity

When compared with data of biomass from tree
plantations on mine spoils, the biomasBos$trictus
indicated superiorityA plantation of 3-yr old black
locust on mine spoils in Kentucky yielded 5.8 to 18.5
t hal above-ground biomass (Creightetral, 1983).

In Eastern-cotton woodVirginia, the 10-yr old

plantations of pine and black locust registered between
36 and 45.4 t hd above-ground biomass &V and
Wittwer, 1982).

The net primary production iD. strictus
plantation was between 20.7 (3-yr old) and 32.0 t
halyr(5-yr old) compared t0113-19.2 t hat yr
recorded for the native dry tropical forest (Singh and
Singh, 1991a; Chaturveeli al, 2011). Several studies
have reported above-ground net primary production
in bamboo forests and bamboo plantations between
1.5-11.0 t ha'yr! (Veblenet al, 1980;Taylor and
Zisheng, 198 7Tripathi and Singh, 1996) which is lower
than the range 17.0-24.7 ta! in the study of
Singh and Singh (1999) (Fig. 16). In Japan, Is&gi
al. (1993) have documented 24.6 tlya! above-
ground net primary productions féthyllostachys
bambusoidedn the study by Singh and Singh (1999),
the total NPP of foliage was observed to be 33.7-
38.9%, and the above-ground NB®8.3-46.5% (Fig.

ok

EEEH Dead stem

Stem Production

Net Primary Production 13.64+1.5¢ ha‘1

32.0¢2.9tha”’

Fig. 16: Share of different plant components in total NPP of
bamboo plantation. Values below the pies a total
net production 1 S.E. The pies on the right represent
distribution of stem net production in current, old
and dead categories. (Source: Singh and Singh,
1999)
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16). In the adjoining native dry tropical forest, tree plantation on unmined Ultisol (ipathi and Singh,
and shrub foliage accounted for 30% of NPP (Singh 1995).
and Singh, 1993) and the above-ground tree NPP

accounted for 38-57% of total NPP (Singh and Singh, Release of nutrient; .deposited on S_Oil depends
1991a). Production efficiency (i.e., NPP per unit on the rate of decomposition. Roy and Singh (1994)

weight of leaf) reported in the study by Singh and observed a litter decay constant between 1.93 and

Singh (1999), varied between 2.6 to 3.0, whereas for2'26 for the tropical dry deciduous forest, arigathi

a variety of deciduous species in south-eastern USA""nd Singh (1992) found a leaf litter decay constant of

Hedman and Binkley (1988) reported production 1'51_ for bamboo plantatiqn in natural dry tropi_cal
efficiency of 3.3. habitat. Thus, on mine spoil, for 50% decomposition,

D. strictusleaf litter takes 235 days and for 95%

The high NPP and relatively lower biomass decomposition more than 1000 days. The
reported in the study of Singh and Singh (1999) corresponding values for natural habitats which are
suggests short mean residence time (biomasanmined are 168 and 725 days (Singh and Singh, 1999).
accumulation ratio, biomass: net production) of Onthe other hand, the leaf litter of natural forest takes
different plant components. The mean biomassonly 113-133 days for 50% decomposition, and 488-
accumulation ratio for foliage was 1 yglar culm, 5 576 days for 95% decomposition (Singh and Singh,
years, for rhizome, 5 years and for roots, 2.3 years1999). Therefore, a relatively lower rate of
(Fig. 16). Isagi (1994) reported biomass accumulationdecomposition of bamboo leaf litter could lead to soil
ratio of 6 years for culms oPhyllostachys organic matter accumulation in the long-run and is
bambusoideswhile this ratio for the dry tropical supposed to provide benefits of mulching. Due to the
forest trees has been reported at13.7 (Singh and Singlheaf mulch accumulation, bamboo plantation
1991a). The biomass accumulation ratio of bamboocontributes efficiently to the prevention of soil erosion
culms reported by Singh and Singh (1999) supportsand conservation of soil moisturegfay 1963).
3-5 years felling cycle for bamboos. Howevas _ _
majority of the products of bamboo stem last for a Impact of Plantation on Soil Redevelopment

long time, the accumulated C could remain sequesteregpg hign itter deposition in tHe. strictusplantation

for a long time. was exhibited by increase in soil organic C content
and total N with the increasing age of the plantation
(Singh and Singh, 1999)4lble 26)The soil under 5-

yr old plantation registered 98% higher C, and 67%
In the study of Singh and Singh (1999), fast turnover higher N compared to that under 3-yr old plantation.
(1 year) of the foliage component and its high shareThe observed variation of soil C:N ratio (from 8 to
of NPP results in substantial amount of nutrient 10) is probably due to vegetatioriesft. As compared
deposition on the floor each year by the bambooto the soil organic C and total N, significant difference
plantation. The nutrient deposition (45-79 kg N and was not detected with age in mineral N or,/ROOn
6-11 kg Phalyr™) reported by Singh and Singh (1999) the other side, the N-mineralization rate increased
(Table 25) is similar to the range 51.6-69.6 kg N and significantly with age. The N-mineralization rate
3.1-4.3 kg P hayrdocumented for native dry observed by Singh and Singh (1999) under 5-yr old
tropical forest (Singh and Singh, 1991b), and 40.8 kg plantation was twice as found in the 3-yr old plantation
N and 3.5 kg P hdyr! for a matureD. strictus (Table 27). Evidentlythe increase in demand by the

Litter Deposition, Decomposition and Nutrient
Release

Table 25 : Deposition of N and Rhrough leaf-fall and release though decomposition. (Sowe: Singh and Singh, 1999)

Age (year) Leaf fall N deposition P deposition N release P release
(kg halyr?) (kg halyr?) (kg halyr?) (kg halyr?) (kg halyr?)
3 6150 4551 6.33 37.89 5.27
7900 58.46 8.14 48.68 6.78

10680 79.03 11.00 65.81 9.16
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Table 26 : Carbon and nutrient contents of soil and miabial the absolute net rate of nitrification enhanced with
biomass. (Source: Singh and Singh, 1999) NH, availability (N-mineralization), only 35% (3-yr
old plantation) to 27% (5-yr old plantation) of
mineralized N was transformed into N by
nitrifying bacteria. The higher accumulation of

Parameters Plantation age

3-yeaf 4-yeaf 5-yeaP

Soil organic C (%) 03# 050 067 ammonium might be at least partly because of lower
Soil total N (%) 0.04#4 009 0.0F efficiency of nitrification process, or because of
Soil total P (%) 0.0 0.02 0.0 substantial microbial assimilation of iy@s suggested
sSOC - TN 848 922 10.0% by Stark and Hart (1997). The accumulation of less
NH,~N (1g g% 32 34 3P mobile form of plant-available N is an evidence of
NO,N (g g 0.% 13 L progressively tighter nutrient cycle.

Mineral N (ug g9 412 453 49 Singh and Singh (1999) observed that
PO,-P (19 g9 8.07 8.07 8.8 considerable amounts of C, N and P were immobilized
Microbial biomass C (ugd) 126.8 217.¢ 319.F in microbial biomass, and the quantity of immobilization
Microbial biomass N (ugd) ~ 19.2 293  37.5 elevated with age in accordance with increasing soil

organic C and total N @ble 26).The microbial

Microbial bi P 9.12 127 16.Z : : .
lcrobial biomass P (g9 biomass levels recorded in the study of Singh and

SOC in biomass C (%) 377 4380 474 Singh (1999) are substantially lower than reported for
TN in biomass N (%) 482 538 56F native forest ecosystems, but are similar to those found
Total Pin biomass R%) 746 9.45° 1213 in naturally vegetating mine spoils (Srivastaval,
MB-C/MB-N 6.72 74P 850 1989). Studies have suggested positive associations
MB-C/MB-P 13.93 17.1¢0 19.73 between microbial C and total soil organic C, and
N concentration in microbial ~ 7.48& 6.7  5.8¢ between microbial N and total soil N @fdle, 1992;
biomass (%) Ruess and Seagle, 1994; Singh and Singh, 188&)).

P concentration in microbial ~ 3.6% 2.9% 253 addition of C and N through litter fall, the microbial
biomass (%) biomass could substantially increase the levels of both

avalues in a row superscripted with @ifent letters are € and N in the nutrient deficient mine spoils. In the
significantly different from each other at P < 0.05. SOC = soil study by Singh and Singh (1999), while the microbial
organic ca_rbon,_ TN_: total nitrogen, MB-C = microbial carbon, Cinthe 5-yr old plantation was 152% highmicrobial
MB-N = microbial nitrogen, MB-P = microbial phosphorus N and P were recorded only 96 and 78% higher than
in the 3-yr old plantation @ble 26).As the age of
plantation increased, proportions of organic C, total
N and total soil P became higher resulting into
immobilization of nutrients in the microbial biomass,
which indicates the process of soil re-development.
The microbial C to total soil C ratio is suggested to be
an accurate soil microbiological index which could
evaluate the status of a restored ecosystem (Insam

aggrading biomass of plant does not allow the
accumulation of mineral N and P in the soil. Several
studies on the native forest ecosystems repated
rainy season range of 2.1-.8 mineral N and 1.2-
3.1ug PO,-P per grandry soil, and N-mineralization
rates of 18-48g N g-'montir (Roy and Singh, 1994;
Roy and Singh, 1995; Jte al, 1996). Therefore,
Whll_e _the Valu_e O_f mmera_l N pool in bamboo pl_antatlon Table 27 : Nitrogen mineralization in soils underbamboo
exhibited similarityeven in the 5-yr old plantation, the  pjantation. (Source: Singh and Singh, 1999)

value of N-mineralization rate was only 14-40% of

that reported for the native forest. This suggests aAge (year) Nitrification N-mineralization
high nutrient use efficiency of the bamboo species. (Hg g monttT) (Hg g monttT)
The dominant form of available N observed by Singh 3 1.2 3.3

and Singh (1999) in both the native forest and theg 1.7 5.2
bamboo plantation was ammonium, which suggests a; 1.9 6.9

preferential uptake O_f nitrate by plants (lhaal Values in a column superscripted withfdient letters are
1996). Nevertheless, in the bamboo plantation, wheresignificantly different from each other at P < 0.05
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and Domsch, 1988). Stark and Hart (1997) haverelationships have been observed between microbial

suggested that, in the habitats where C and N in soibiomass and soil structure, and nutrient content (Drury

are accumulating, the microbial biomass could becomeet al, 1991; Singh and Singh, 1995). Therefore, a

a net sink for inorganic N, including NO rapid increment of microbial biomass in the mine spoil
is a sign of efficient restoration potential of the

According to Singh and Singh (1999), the ratio strictusplantation.

of microbial biomass C:N and C:P elevated in the mine
spoil with time and the concentrations of N and P in conclusions

microbial biomass registered declinalfle 26) These

findings suggest a possible change in the microbialNature is capable of achieving restoration unaided,
biomass compositios the litter layer accumulates, and can develop fully functional soil,_ as demonstrated
food web in the soil might progressively become PY the process of natural succession. When a plant
dominated by fungal communities (Hendekal, ~ Pecomes established on the degraded mine spoil,
1986).An increasing fungal composition in the Organic matter in the soil increases, bulk density
microbial biomass during restoration of grasslands hasiecreases, mineral nutrients are brought back to the
been reported by Benthagt al. (1992). Fungi and SL_Jrface a_n_d accumulqted in the avallablg form.
bacteria have substantially different C:nutrient ratios. Nitrogen fixing species increase the level of nitrogen
For example, the C:N ratio of fungal hyphae is greater'n soil and provide a nitrogen _capltal, which becomes
(10-12) than that observed in bacteria (usually @dequate for the normal functioning of the ecosystem.
between 3-5) (Jenkinson and Ladd, 1981). ComparedUr review suggests that soil microbial biomass is a
with the higher turnover and C losses in the habitatscritical factor in recovery of the mine spoils as it aids
dominated with bacterial population, the domination In re-establishment of nutrient cycling. The levels of
by fungal population could lead to greater retention of Piomass C, N and P may be treated as functional
microbial-C (Coleman and Hendrix, 1988; Singh and indexes of soil re-development. Spoil characteristics
Singh, 1995). This is comparable with the increasing @nd Species composition changes with increase in spoil
availability of NH, (i.e. N-mineralization) reported by ~age-Therefore, microsite conditions should be given
Singh and Singh (1999), which is common N-source Much importance in any revegetation programme and
for microbial population (Recoust al, 1990). on the basis of pos’F-mining land objectives, to en_hance
Increasing N availability has been suggested tonatural revegetation process; proper selection of

increase immobilization of C in microbial biomass désired natural colonizing species of higher
(Elliott et al, 1983). successional order should be done.

In the study by Singh and Singh (1999) the Acknowledgements
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