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SPOILS IN A DRY TROPICAL ENVIRONMENT
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ABSTRACT : A list of vascular plant species was compiled for an age-series of coalmine spoils on
different microsites at Jhingurda colliery in Madhya Pradesh. Species were assigned an abundance rating
based on their occurrence in quadrats viz; 1——-foccasiona_l, 2=1frequent, and 3=abundant. A total of 81
species representing 23 families were found: at different sites/microsites. Poaceae. Fabaceae ana
Asteraceae were the predominant families. Butea monosperma was the most frequent woody component
of the vegetation. The frequent/abundant herbs and forbs were Xanthium strumarium, Cassia tora,
Tephrosia purpurea, Aristida adscensionis, Dactyloctenium aegyptium, Bothriochloa pertusa and Eragrosti#
tenella. Colotropis procera, Zizyphus glaberrima a;nd Woodfordia fruticosa were the important shrubs.

‘ .
Keywords : Coalminz spoil, flora, natural revegetation, vascular plant species.

INTRODUCTION

 Coal India Limited has projected |a
total land requirement for coal mining till

1994-1995 of 196691.60 ha of which ~

31.18 per cent is the forest land and rest

is non-forest land. Coal production is.

projected at 226 x 10% t by 1989-1990 and

417 x 108t by 2000 A. D The c’ontribJ_ :
tion of open-cast coal mining has increased.
to 50 per cent by 1984-1985 and will go

upto 57 per cent by 1989-1990 ( Sinh
1987 ). :

Land degradation is caused by open-
cast coal mining and dumping of hug
amounts  of v
adjacent unmined lands. The advers
effects are the disruption of the geology
soil-plant stability circuit ( Harthill and
McKell, 1979 ); drastic ‘disturbance of the
flora, fauna, hydrological relations and soi

biological systems; disequilibrium in thle
J

geomorphic system ( Soulliere and Tov, -

»

e .
overburden materials - on.
e ‘an important

1986 ); increased nutrient export from the
system (O’Neill et al., 1979) and depletion

‘of soil organic pool ( Parkinson, 1979).

Usually the coalmine spoils are physically,

-nutritionally and microbiologically recal-
-citrant medium for plant growth.

The unrehabilitated post-mining phy-
"sical, chemical and ‘biological characteri-
stics create a specific mining ecology
- (Wali and Kollman, 1977). Understanding
‘the  site
‘plant succession, and soil development
iis crucial for . expedient rehabilitation.

specific ecology, including

Thompson et al. (1984) argued that natural

-plant invasion and succession can be
the vegetation .

part of
development of disturbed sites. Wali
and Freeman (1973 ) and Imes and
Wali (1977, 1978) have suggested that

‘an adequate understanding of natural

revegetation processes should be included
in all reclamation efforts.
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" ‘Vegetation potential of any area is

" dependent upon physical environmental

limitations and edaphic-biotic components
and their interactions. Soil surface chara-

cteristics, climate and- vegetation after
-open-cast coalmining. Individual species

successes and community composition are
governed by local site variables, The
substrate conditions on individual mine
sites act as an ‘‘environmental seive"”
( Harper and White, 1970; Hulst, 1978).
Most suited species are able to establish
and become an important componeni of
the community

A consideration of flora of naturally
revegetated coalmine spoils ‘has not
received the level of attention required: m
restoratlon programmes in India.

_ ‘An integrated study dealing with .the |
assessment of natural vegetation and the! .
“environmental characteristics of coalmine’,
spoils was undertaken. The present péper: .
is a part of this study and documents the
vascular plant species that colonized an .- |
".age-series of -coalmine spoils in a dry '

tropical environment in Madhya Pradesh.
STUDY SITES

The study sites are located within a:
radius of about 5 km in Jhingurda block,
north-eastern part of Northern Coal Field
Ltd. ‘Singrauli, between 24°10’ 20"-24° 12"
31" N lat. and 82° 42'-82° 44’ 30" E. long,

and .at .350-450 m altitude in* Madhya..
Pradesh, India. The climate is tropical |

monsoonal. Mean daily minimum, temper-'
ature within the annual cycle ranges from'
6.4-28°C and mean ‘daily maximum from-

g
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'20-42°C.  The annual rainfall averages

934 mm, of which 795 mm occurs between
late June-September. The rocks are medium
to. coarse-grained sand stone clays with
ferruginous bands and carbonaceous shales.
The soils are ultisols.

. The native vegetation is a typical
mixed dry deciduous forest dominated by
Boswellia serrata Roxb. ex Colebr., Lagers:
troemia  parviflora  Roxb., .. Wrightia
tot?zentosa R. and S. and Anogeissus latifolia
Wall.

% Open-cast coalmining was started in
1965 at Jhingurda colliery and overburden

;ltenals were haphazardly dumped on

adjacent unmined deforested lands. No

_attempt was made to reclaim the abandoned
landscape. Only recently, from 1986,
-"'.:plé‘m_t_a\t‘i()?ns ot Eucalyptus sp., Acacia
_aurié¢uliformis A. Cunn. ex Benth., Cassia

siamea Lamk., Dalbergia sissoo Robx.,

ijtjosopts Jjuliflora  ( Swartz. DC and
. Dendrocalamus strictus ( Roxb. ) Nees have

been started on coalmine spon|s

An age—-senes of coalmine spoils ( b,

710,12,16 and 20 yr) were selected for

the present study, Following the criteria

_of ‘Barth and Martin (1984) these spoils

wére charactensed as ‘generic’ in nature

‘ ‘-‘an'd were ‘found non-toxic to plants (Singh
- and Jha, 1987). In rainy season herbaceous

o

-vegetation covers the mine spoils rapidly
and biomass peaks in late September or

_early October (-Jha and Singh, 1988 ).

MATERIAL AND METHODS

LA list of vascular plant species occurr-

' - ing on 'different microsites. was compiled




b
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during 1986 and 1987 for each of | the
coalmine spoils.| The microsites were slope
( about 35 per cent ), coalpatch, undulatlng
surface and flat surface

Herbaceous specues were assngned a
gross abundance rating based on 1he|r
presence in 1 x 1 m square quadrats placed
at random on ‘each microsite, Nine
quadrats were used per microsite in each
mine spoil. Species occurring in 1, '2-5,
and > 5 quadrats were rated as 1 occa-
sional, 2 frequent, and 3 abund!ant,
respectively. 'Species which did not oé:c’:ur
in quadrats but were present on the mine
spoiles were also listed and called rare.
Only a few shrub and tree species were
found, therefore their presence on sntes
were. recorded separately

RESULTS AND DISCUSSION

A total of 81 species representing| 23
families of vascular plants occurred in|the
study sites. The largest plant families
were : Poaceae ( 25), Fabaceae (12)
Asteraceae ( 9). Amaranthaceae (4) and
Convolvulaceae (4).- The predomma’nce
of  Asteraceae - and Poaceae on mined
lands has also been reported by Brierly
(1966 ), Wali and Freeman (19 3).
Alvarez et. al. (1974), Gleen-Lewin (1979),
Jonescu (1979), Russell (1985) and Prasad
and Pandey (19856). ’

|
20-yr old flat surface was the ncr[lest
microsite with 21 herbaceous species.
On the.20-yr old site. number of tree
_species was also high. 10-yr old coal-
patch microsite was the poorest with on|y

9 herbaceous species. i

i

On the > 12-yr old sites Butea
monospermu was the most frequent - species
among the wadody components. Coloni-
zation by this leguminous tree increased
with the age of the mine spoil. Alongwith
Butea  monosperm, - Dalbergia  sissoo,
Holoptelia integrifolia and Acacia nilotica
occurred on the 16-yr old site. Cassia
fistula, Carissa carandds,  Holoptelia
integrifolia, Diospyros melanoxylon,
‘Azadirachta indica and one unidentified
tree species and two unidentified shrubs
occurred on the 20-yr old site in addition
10 Butea monosperma,

Calotropis procera, Woodfordiu Jruti-
cosa and Zizyphus glaberrima were the
most  frequent shrubs on all sites.
Presence and abundance of grasses and
forbs are given in Table 1. Some impor-
tant frequent/abundant grasses and forbs
on different sires/microsites were :

5=yr old : Dactyloctenium aegyptium,
Aristida adscensionis, Digitaria setigera,
Tridax procumbens, Cassia tora, Cassia
pumila, Xanthium strumarium and Tephrosia
purpurea.

10-yrold @ D. aegyptium, A. adscensionis,
D, setigera, T procambens, C. pumila, X
strumarium, T. purpuree, Bothriochlou
pertusa, Indigofera linifolia. Lepidagathis
hamiltoniana and Zornia gibbosa.

12-yr old : A. ddscensionis B. pertusa, T,
procumbens  D. aegyptium, Eragrostis
tenella, Alysicarpus monilifer, Uroehloa
penicoidcs, C, tora, C. pumila T. purpurea,
Borreria stricta, X. strumarium, Desmodium,
triflorum, Sida cordata and Hetoropogon
contortus.

N A B e v i =0
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and abundance of vascular plant species on different sites / microsites.
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5-yr old site

10-yr old site

12-yr old site

16-yr old site

20-yr old site

Microsites Slope Coal Undulating Flat Slope Coal Undulating Flat Slope Coal Undulating Flat Stope Coal Undulating Fiat  Slope Coal Undulating Flat
patch  surface surface patch  surface surface patch surface surface patch surface surface patch surface surface
Total No. of grasses” 13 i3 10 10 11 9 13 14 13 10 15 17 14 11 16 19 17 14 18 21
and forbs
bn?.v;_o.ﬁmizi aegyptium 3 3 2 3 3 2 3 3 2 1 2 2 2 1 2 1 2 2
Bothriochloa pertusa 1 1 2 3 2 2 2 2 3 3 3 3 3 3 3 3 2 3 3
Cassia tora 2 2 2 2 2 1 . 2 . 2 2 2 2 2 2 2 1 2
Urochloa penicoides 1 .. . . .. . . 2 2 ; .. . 2 . i
-Cassia pumilu 3 2 2 2 . .- 2 2 . 2 . . . 2
N.m.m?..eﬁ.& purpuratea 3 1 2 2 . 2 3 2 -- 2 2 2 3 2 3 2 2 2 2
.‘...mm,a.am.an.a.i&n., LT 2 27 T o I S A S 2 2 ; R
Tridax procumbens 3 3 2 2 . 3 3 2 2 3 2 2 22 201 . 2
.~=&~.m&wm3 linifolia 1 ) .. N 2 Hv o . 2 2 "2 2 2 1
Digitaria setigera 2 2 1 e e 2 2 2 . : 12 . - 1t e 2
Zorniu gibbosa 1 2 2 2 2 ] 1 2 2 2 1 1 1
Aristida adscensionis 2 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Xanthium strumarium 2 2 2 2 2 1 1 . 2 2 2 2 2 2 1 2 2
Evolvulus alsinoides .. 2 . 2 2 . .. . .. 1 1 .. .. 2
Alysicarpus monilifer 3 2 . 3 2 2 1 1 2 2 3 2 . 2 2 1
Desmodium :Q.,NSSS . 2 .. 2 2 2 2 2 .2 2 1 2
Sida cordata . 2 ... . 1 2 2 ' 1 2 - . 2 . ..
.m%i.e.w,.u echinatus .. 1 . 1 . . . ..
Cyperus 853_35 . .. 1 1 . e . . - . .
N.Nnm._m.g,howmu mo:»el:u. . . 2 . 2 ‘ 2 . - - 2
Euphorbia hiria e : .2 . ) 2. e e e e e 2
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- 16-yrold : A. adscensionis, B pertusa, T, »

purpurea, C. tora, T. procumbens, Z.
gibbosa, X. strumariuwi, A. monilifer, E.
tenella, Glossocardia bosvallea, D. triflorum,
1. linifolia and B stricta.

20-yr old : A. adscensionis. B pertusa, T.
purpurea C. tora, D. aegyptium, X. stru-
marium, A. monilifer, D. t-ifforum and E.
tenellu,

Aristida adscensionis, Bothriochloa
pertusa, Dactyloctenium aegyptium, Teph-
rosia purpurea, Tridax procumbens, Cassia
tora and Xanthium strumarium were the

‘most abundant species on most of the

microsites/sites. Other grasses and forbs

listed in 'Appendix 1 were rare on dlfferent o

sites / microsites

Leisman (1957), Harrington (1982) and

Gibson er al. (1985) have emphasized the
importance of surrounding vegetation and’ -
.the dissemination efficiency of propagules

upon spoil seed banks. It has been observed:

that the spoils are typically colonized by .
plants adapted for long-distance or efficient -
for example lead and zinc:

seed dispersal, ‘
mine spoils in Oklahoma (Gibson, 1982),:

and coal mine spoil in Pennsylvania
(Bramble and Ashly, 1955), New Mexico

(Wanger et. al. 1978) and Great Britain
{Brierley, 1956; Hall, 1957),

The proportions of annual and perennial .-
species fluctuated considerably between
“ the microsites and between the spoil ages
With the exception of coalpatch microsite -

the proportion of annual species was lower
on the 20-yr old site compared to 5-yr old

site. Reverse was true for perennial species.

Annuals comprised, across the age series of
spoil, 63.1. 47.7, 65.2 and 54.2 per cent

7019:0.9:1,
‘slope, coalpatch,
_flat surface, respectlvely This ratio for the
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of total species recorded inHQUadréts

respectively on slope, coalpatch, undulating
surface and flat surface.

The proportion of legumes in the
vascular flora across spoils ages .was 35.1,

27.5, 36.2, and 33.3 per cent on slope,
coalpatch undulating surface and flat
surface, respectively. Grassess comprised
33.6, 35.4, 32.9 and 41.9 per cent of the
flora across spoil ages on slope. coalpatch,
undulating surface and flat surface,
refspectively. These statistics show a
'pr:evalence of grasses and legumes on
re;vegetating coalmine spoils. The grass :
legume : other forbs ratio was 0.9:0.1,
0.75:0.75:1, 1.1:0.75:1 for

o .
undulating surface and

total vascular flora  was ( Appendix
‘Table 1) 0.76:0.33:1. The grasses are
benefucnal in checking erosion and the
Iegumes have  ameliorative  benefits
on. both the physical and chemical
prbpelties of spoils because majority
of, them are potential N-fixeres. Alex-
‘ander (1989a. b) has compared the
benéficial effect of Acacia albida and

- Eucalyptus camaldulensis on the Ten-mine

spoil in Jos Plateau, Nigeria, and

“recommended that A. albidu has an ability

to! improve both the nutrient status -

.and physical conditions in the top 20 ¢m
‘0

the soil beneath its canopy, whereas E.
camaldulensis caused a progressive increase
in; soil acidity and reduction of bass
content, although organic C increased.
Robmza pseudoacacia an N-fixing legume
ralsed soil N levels considerably more than

—t

- the othier non-leguminous species in Ohio

Coalmlne spoil, U.S,A, (Vimmerstedt et al .,
'19ii39 ).

S
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APPENI?D?('.Tab:lé 1 .

Acacia )1ilqtiéa L. Wnlld ex Delile

Ach yrahth;:s és'p‘era' L.

Aeschynomene indica L.

Ageratum con_y'zoi‘dés‘f, L.
Alternanthera. p’t.mget;ls HBK
Alternthera sessilis (;L.) “R. Br. ex DC‘."
Alysicarpus rinonilt:/'élr (L) DC.

Apluda rnutiéa L.

Argemone mexicand ‘L.

Aristida qucfen@ionfs L.

Ary/aS};z sca;'abaeoides (L.) Benth.
Azadirachta indica A. Juss.

Bidens biterhata (Lour.) Merrill and Sheriff

Borreria articularis (L. F.) F. N. Will.

Borreriu stricta (L.?.) K. Schum.(=Borreria, pusilla (Wall) DC.)
Bothriochloa pertuﬁs L.. | |
Brachiaria reptans (L.) Gardner and Hubbatd
)

Butea monosperma'(Lamk.) Taub.
'Calotrqpis procera (Ait.) Ait f.

Carissa éararzd L. var. dongesta (W.i Bedd. (=C. congesta W.)
Cassia fistula L.

Cassia pumila Lamk.

Cassia tora L.

. Vol..6 (I1)

- Mimosaceae

Amarahthaceae

. Fabaceae

Asteraceae
Amaranthaceae
Amarari@aceae
Fabaceae
Poacéae
Papaveraceae
Poaceae
Fabaceae
Meliaceae

Asteraceae

Rubiaceae

Rubiaceae
Poace:;e
Poaceae
Fabaceae
Asclepiadaceae
Apocynaceae
Caesalpiniaceae
Caesalpiniaceae

Caesalpiniaceae

e




o
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Cerchirus ciliatis L.

: '_vCorckorus cpnnivea‘ns L

" Crotalaria albida Heyne.
-C’yn‘o'don dactylon (L.) Pers.
Cyperus compressus L.

" Dactyloctenium aegyptium (L.) Will:d.

Eleusine indica (L.) Gaertn.

Celosia argenteal. " - |

Dalbergia sissoo Roxb.,
Desmodium motorium (Houtt.) Merr.
Desmodium triflorum (L:) DC.

Dichanthium annul atum (Forssk.) Stapf.

Digitaria biformis Willed. (=D. bicornis (Lamk.) R. an
Digitaria setigera R. and S. 4
Diospyros melanoxylon Roxb.

Echinops echinatus Roxb.

Eclipta alba (L.) Hassk. E prostrata (L.) L.

Eragrostis gungatica (Roxb.) Steud.
Eragrostis tenella (L.) P. Beauv.

Eragrostis unioloides (Retz.) Nees ahd Steud.
Erogrostiella bifariu (Vahl.) Bor.

Eu;.zhorbia hirta L.

Evolvulus alsinoides (L.) L.

Evolvulus nummutaria (L.) L.

dS.)

Poacede|
: Tiliaceae ',

- Fabaceae .

i

Poaceae |

Cypé _racéfae

Poaceae |
4 | . 1 ;

Fabaceae
Fabaceae.
Fabaceae

Poaceae

Poaceae

Poaceae

Ebenaceae

Asteraceae

Asteraceae
Poaceae
Poaceae

Poaceae

Poaceae
Poaceae
Euphorbiaceae

Convo.vulaceae

Convolvulaceae




Fimbristylis albovirz,‘dzfs Clarke
Glossocardia bosvallea (‘;L f.) DC

Hackclochloa gra_nular,-q‘js (I..) O. Ketze.

Heteropogon contortys (L) P. Beauv, ex R. and S.
Holoptelia integrifolia Planch

Indigofera linifolia (L. f.) Retz.

Indigofera linnaei Al ‘ ’
Ipomoea eriocarpa R. Br. (=1 hispidu, R. and S)
Launaea procumbens (Réxb.) Ramayya and RajaLopal
Lepidagathis hami/toniand Nees. g
Leucas aspera Link. (=Ll. plukenetii Roth.) Spre‘ng.
Melanocenchris jagquemontii Jaub and Spach
Merremia tridentata (L.)fHall.‘ f.

Ocimum basilicum |.
Oldenlandia affinis (R.and S.)DC.(=Hedyotis affinis R. and S)
Parthenium hystérophorus |

Phyllanthus sinvplex Reti;. (=P. virgatus Forst. f.)

Plectranthus mollis (Ait.)_ Spreng. -

Rungia repens (L) Nees. '

}
i

, Saccharm munja Roxb. (==S8. arundinaceum Retz))
Saccharum spontaneum L.

Seraria glauca (auct.)

Setaria intermedia R. and S.

Setaria pumila (Poir.) R. and S. l

B T TS g e ——— L
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Cyperace ze
Asteraceae

Poaceae

Poaceae
Ulmaceae
Fabaceae

Fabaceae

Convolvulaceae
Asteraceae
Acanthaceae
Lamiaceae

Poaceae

~ Convolvulaceae

“ Lamiaceae

Scrophulariaceae
Asteraéeae
Euphorbiaceae
Lamiaceae

Acanthaceae

Poaceae
Poaceae
Poaceae
Poacege

Poaceae
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" ,‘ Szda cordata (Burm. f.) Borss. Malvaceae
:»‘.So/anum },amhocar pum Schrad and Wendl. (= S. sumttense Solanaceae
Burm. f. )
Sporobolus diander (Retz.) P. Beauv. (=S. indicus (L.) R. Poaceae
Br. var. diander (Retz.) Jov and Gued.

Tephrosia purpurea (L.) Pers - Poaceae

Tridex procumbens L. Asteraceae

Urochloa panicoides P. Beauv. Poaceae

Woodfordia fruticosa (L.) Kutz. | Lythraceae

Xanthium strumarium L. Asteréceae

Zizyphus glabetrima (Sedgw.) Santapau Rhamnaceae

Zornta gibbosa Span. Fabaceae
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