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Bauxite mine spoils in Yercaud hills, India, was rehabilitated using benef

#i:::"0::,,:ri^::lllr,,"""l1 g**g tree speciei * tr,i, ,*oy. Normalty to rehabilitatemine spoils, topsoil is spreal ou.. ti" mine spoils b"f";; ffii,;#::1'ilnl'rjilSi'iill'
ilff T?, yf :i i:li:::. ::1,:? P" 11j'::n' i ut'*.-i. J1ig.,;il ; ;;il rnvl'orrr,i,,r rfungi, which are very 

"*.ntiur for plant growth. Thrr. qruri'i."r;;:?:1ffrffil|l1?j
:',:::;::,: ,j:Tr.:_f^T oIlr-ry+ing'. rn thi' ;;;;; irstead or using top so,s, 6aggregatum and other beneficial microbes nhirobim*-rf,-,"Ziriiri*-'ri.
2Z:*:!:":*:,f:pl y":. inocurated t".:"4;["i* ,p".i es Acacia auricutitcasuarina equisetifuria, and zrrorypiu, camardurensis. Th] ,H*"rT:i:;:;':'r{:l
::::,:: T:i:":l]I:r f"_,_,-,^1s 3.*," ,rd.. nr.r.., .*oir"ns in for three months. Fromrurs. rl()rnursery experiments, it was found that the aM n rg"i inoculation and other bene

#:1?*1"1_"r:"*Li:r:",:"^11T,'::dulg quarity i" [E, of biomass and growth butameliorate the bauxitomine spoils in soil agg."gution.-rirr',t**':Hrffirfl:['#l
ffi: :::::::l."r"l:lTi:,:T: y.le directfir,,,pr;;;; ut uu,*it. mine spols withoursite preparation, and the growth and surviv ar rate *"." ;";1r;"! #'iljl::#H:'
*l?","?i: j,,1::"0.*:*,:*icrobes inoculated,..an"er 

^ 

rhowed s o _s s% survivat overcontrol seedlings' Their growth was also significantrv rri*n;; #ilffi#,iJj
I!i*:"]o:,iiLlyligr,*::lrated seeiri 

"s; 
;i2";;;;"utiformiswere arso showedperformance significantly in height and survirur_ In g. 

"o*"itdu"r"lri,H:T::"rililr:l#:##j, l?"^ m*: | "*y:"::i, 
g::Ill ";,, 

;;;;;;^,ments rn c equisetifotia,inoculation of AM tungi and Frankii was found more suitalil.H: ,li, ilir#"rl{Jr!,'!;
*:"fi:1,i":":*::*ln:*T.""J i" ir,. l,,l,d# or those tree seedrings AM rlgs. 1\1u ruwere also recovered from the rlizosphere of E. io*)iaut"nrir, c. equiseti/bria andauriculifurmis planted at bauxite mine spoils

Abstract

Introduction

Mining activities have created wide spread environmental damage that sevr

ffi;:::,::,,:lil*: 3:*::f *l ?l:" 
,r,. ""ii"r*.1,;;** or surrounding communiMining also has ted to discharge of millions of tonnes "i;;.;J##:;1,:T[:rtJilH]*:::.^::1 .^,.11li pr:,^rr 1i1ns activities the topsoii r,*ing good structure and benefmicrobes,isstrippea-,;iff#;ffip.d';fi "ffi j'XrTr'iH'.'ili::f, 

,':[:[T.TilT,T
;ilX,',l'#T*Xl"o*::^'l1Ti:l':l':: i::i:l*s i'i,',1.i*, supprv and water uptake toplants, are therefore more hospitable to plant giowth. .r*'i.#JJ, i,j:rffi':il:A?il
:1,:*-ir^]:^T-1y1",_r1ck 

or microbes. 
-All 

ti'"r" .r,u.u.i"., lead to reduced soil ouarinutrient cvcling and,lower avalability of nutrient, * ;i;;;;,:"# :::::tii#:rfl:l
l:ll1?iXi':,i"T[:3::'?,r" !r:i':::-:':tJ!yr'u,'u.u**rar mvcorrhiza, (AM) anitrogen fi xing bacteria rike Rhtz ob ium, Az o s p irl lum, ;r#ffi;;h;;:ffi,ff '6ilitrrr1
H1t.:'^:i*,-*ii1.t*,:']li!t. trees for the better r.rruuiiitution. Studies on restored bauxr*li ;:ffi:.ffiJi'iHli;
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improve rehabilitation success (Jasper et al., l99S). In this study, the bauxite mine spoils at
Yercaud Hills, India, was selected for rehabilitation with fast growing tree species and
beneficial microbes.

Materials and Methods

Study Site and selected tree species
The study proposed for reclaiming the bauxite mine spoils is at Yercaud Hill, Salem

District,TamilNadu(11"48'to 11"50'and78"T3'to78"l4E')atanelevationof 1,640m
a.s.l. where the Madras Aluminium Company (MALCo) has acquired about 190 ha of land
for open cast mining. The site receives 1500 mm average rainfall annually and has a wide
diversity of plant species. The bauxite mine spoils were collected from the mining area and
used for nursery experiments. The selected tree species for this sfudy are Acacia
auriculformis, casuarin a e q ui s etifol i a, and Eucalyptus camaldulens is.

Isolation and Culture of Beneficial microbes
AM fungi Glomus aggregatum Schenck and Smith was isolated from the rhizosphere

of Syzygium cumini from the adjacent areas of bauxite mines by the method of Gerdemann
and Nicolson (1963) and identified with Schenck and Perez manual (1990). The freshly
collected G. aggregatum spores were multiplied and maintained in sterile soil media
(alfisoil:sand) with Sorghum bicolor (L.) Moench (as a host) under laboratory conditions for
six months in clay pots. Rhizobium sp. was isolated from the crushed nodules of A.
auriculiformzs and cultured in yeast extract mannitol medium under sterile conditions. The
colonies of Rhizobium sp were again pure cultured in yeast extract mannitol broth and
maintained in laboratory for further use. The cultures of Azospirillum and,PSB were made in
Rodriquez Caceres medium and Pikovaskya medium respectively. Frankia was isolated from
the nodules of C.equisetifolia and cultured in P media for mass production.

Analysis of mine spoils
Sieved bauxite mine spoils were analyzed for nutrient status by the method of Jackson

(1971) and the physico and chemical properties of the bauxite mine spoils are given in Table
l.

Table I Physico chemical properties of sieved bauxite mine spoils (mean of 3 replicates)

E.C mS N (mg kg') P (mg kg-') K (mg kg

Inoculation of beneficial microbes in the selected tree species
The seedlings of selected tree species were raised in nursery and maintained with

collected bauxite mine spoils as potting media. Inoculation of Rhizobiutn sp was achieved by
applying 20 ml of rhizobial suspensionto 7-day-old A. auriculiformrs seedlings; whereas 10
ml of Azospirillum and PSB were applied to E. camaldulenszs seedlings and 5 ml of Frankia
was applied in C. equisetifolia seedlings. The seedlings were also inoculated with AM fungi
along with these with other beneficial microbes (PSB, Azospirilllum, Rhizobium, Frankii)
and maintained in the nursery for three months.

pH

Harnest and assessment of seedlings
Ninety days after emergence

system intact. The roots were washed
the seedlings were harvested with their entire root
free of soil and nodule numbers of A. auriculiformis
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amdC.equisetifuliawerecounted.Therootlength,shootlength,numberofbranchesand

""uil 
ai"i"eter of each seedling were measured.

rransetlT::"f"{"i::r{r'ffii".ou.. 
inoculated seedrings or A. auricutiformis, c' equisetifotia'

and E. camaldulensls, were transplante;;; ;ht Lu"iitt mine spoils in l-foot deep pits at an

espacement of 1.5 * i.s rrr. rne growti""i-r".riral of all the seedlings were monitored at

,"grrlut monthly intervals for two years'

Statistical analYses

Themeasuredvariablesinthenurseryand-fieldexperimentswereana|yzedby
Analyses of Variance using Duncan's Multiple Range Test'

Results and Discussion

The inoculation of AM fungi and- Rhizobiu* ,p-.significantlv ilcref the growth of

A. auriculifor*ir. iiAM fungi caused large changes in"the root system morphology of A'

auricuriformis. A'fungi and Rhir;;;r;".p. *oLrtated seedlings recorded significantly

(p<0.0s) ir,.r.ur.il;ffii length, r#; i;;;ih, collar.diameter and biomass' However' root

nodules increased significantly i" tt;;;lfig; inoculatJ with Rhizobium sp alone' Single

and combined Ulo'i".titlr.r. (AM"fuGi'"PSB' .Fr.ankia) 
inoculated seedlings were

significantly g'o'osi i'"t"u"d. i' ;#';?;*tn u"a' bio mass over un inoculated control

seedlings irr c. equisetifolia..rh. d;l; i]noculants tevr r"'gi * lsP + Frankia) treated

seedlings showed significantly irr.."'JrJa'gi]]urh-ri 
^uL*uJ*' 

nodule number and collar

diameter than controt ana other treatmenls. In E- cam'aldulensis the triple bio fertilizers

inoculated (AM tungi+ psB * Ar"rt',.;;;;';;;r."amrg, ,|;;; significantlv improved growth

and bio mass than clontrol and dual iil"mir"r, ir"o.rrrr]t"J r""irmgs' AM fungi inoculated

seedlings showed increased .oot aJ 
'noot 

length over control and dual bio fertilizers

inoculated n. 
'o*oAulensis 

seedlings (Tables 2to 4)'

After transplantation of seedlings at bauxite mine spoils their growth and survival

were monitored at regular monthly inteivals up to two yttt' Three t9llht after planting at

bauxite mine spoils the seedling, ]ro.,,iai"d with ail n'"gi arvd Rhizobium sp showed

increased growth over control T*t;;;;' urt"' plantinf the Jeedlings showed significantly

(p<0.0s) i,,.r"ur.i;;;;t,-';H. d'#;;'-;;; "b;'*#' Frankia and AM tungi + PsB +

Frankiainoculated b. equisetrf,li;.';';;li"g' i"*tu^'ed in their growth and collar diameter

significantl, lr.oloe ;;;;"1!".gf ;hI;rionths urt., fL"ting;.wht-',t11,at the age of two

years after pfuJr-,,'tfr. irlpfl bi" 
"f;il;rs 

inoculatid '"tJti"gs 
significantly increased

(f.O.os; almost two folds over control'

|nE.camaldulensisthebiofertilizersinoculatedseedlings(AMfungi+PSB+
Azospirillum sp.)showed i-prou.d gr"*,r'-*a.co11ar diameter aithe age of three months

after plantirrg. At-it. ,g" of *" v|r.t after planting' the AM + PSB + Azospirillum sp

inocurated seedlings increased ,!" J.*n i;.d. f"i;;'out' tont'ol and also increase in the

corlar diameter. Tire survivut or uii ihe seedlings inoculated with beneficial microbes was

recorded as 9O-95oh. In the p..r.'i 
"t'ay;;h; 

d*th 'J t"*i'ul performance of beneficial

microbes inoculated seedlings *u, ,iffiunui t iglr.r;;;;"*ot"luttd controls' Most field

studies of AM fungi inocurated ,lzarirrg, ur" ,.rt r"i.d to disturbed sites according to

literature. Field inoculation "f 
pr";;;;;'iiirttrrrwith AM and Rhizobium sp' in a semi arid
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wasteland significantly increased plant biomass and soil nutrien t after six years of growth(Bhatia et at. t99B).

Similar results were observed i-n this study in A. auriculiformis. In earlier studiesgrowth of Alnus cordata inoculated with AM + praniia-was significantly improved in theirgrowth in mine spoils one year after planting (Lumini 
"lt 

ol.,1oe+1. L th"-pr.rent study,inoculation with AM + Fraikia increased the"g;wth anJ-surviv al rate of C. equiseti/blia atbauxite mine spoils due to the nutrient uptake olN and p through the beneficial microbes. Anearlier study showed that colonization by AM r"rgi ..rrr"rces plant survival and growth bydecreasing phosphorus deficiency and water stress, improving membrane infectivity or bystimulation of oxidative- enzyme produce (Salzer it rt., rggg). This is the reason the AMinoculated seedlings.eithercirgty or with other bened.iut mi.roorganism, produced suchhigh average survival rate of go;i. rh".significant g.o*rh enhancerient of ir"olyptu, sppwith AM + Azospirlllum or AM Fungi +-pSB i, ;"; ;; due to increased population of
1T9: fixation, phosphorus minerailzation and evt rungal colonization. These effectslmprove nutrient utilization efficiency of planted seedlings contributing to better plantsurvival at bauxite mine spoils

Conclusions

The results o
u,,.n.i,iliffi:.::lT,:ltiJ,Tfil*:"ffiff1r,',?,::,H',:il1il#lTl:;iT;;r:T".H:l
eco systems like mine spoils. The beneficial microb., ur. eco friendl y thathelp to increaseforest productivity in mine spoils.

Table 2 Growth
andRhizobium

Sl. Treatmenti
No.

response of Acacia auricurifurml.s to inoculations of arbuscular mycorrhizal fungiunder nursery conditions (mean of 5 replicates)

(cm) (cm) (mm)

0.017 a

0.025 a

0.020 b
0.030 b

Treatments Root Shoot Cr[r, Nodules/ Branche--Eotdry

T r s.7 a 42;--a34 a

length tenjr, Jiumeter plant ,';ffitt #,"Jrl" *:ffir'"
!tl) ("Tl f,,,.n1 fe pI""r,l (g plant-,)

Root
dry weight
(g plant-t)

Shoot
dry weighr
(g plant-l)
0.116 a

0.704 a
0.099 b
0.180 b

$able 3 Growth response of casuarina equisetifolia to inocurations of arbuscular mycorrhi zal fungi.rr oiS'."rlicates)

T2 6.8b 4.ra 0.46a - 
o'oo26a o'oo76a
0.008 a 0.013 bT3 7.8b 6.3a 0.46a ta _ 0.0056a 0.014bT a 8.7 bc 7.45 b 0.60 b 0.007a 0.010 bT5 lt.76c 8.5b 0.70b 2a _ 0.0i1b 0.016b.S:c ta I O.Olzb oo)?e
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Table 4 Growth response of Eucalyptus camaldulensis to inoculations of arbuscular mycorrhizal
Qlgi and other beneficial microbes under nursery conditions (mean of five replicates)
Sl. Treatments Root
No. length

(cm)

Shoot
length
(cm)

Collar Branches/ Root dry Shoot dry
diameter Plant weight weight
(m-) (g plant-l) (g plant t)

1.

2.
J.

4.

Tr
T2
T3
T+

la
la
la
1a
2a5 Ts 7.8b

5.6 a
7.3 b
5.9 a
5.3 a

5.0 a
8.2b
6.2 a
6.1 a
9.6b

0.35 a
0.38 a
0.35 a

0.35 a
0.55 b

0.007 a

0.010 ab

0.0096 a
0.0076 a
0.017 b

0.0t2 a

0.018 ab
0.010 a

0.011 a

0.020 b
T1: Control; T2 AM; T3 :PSB; Ta:Azospirillum;T5: AM +PSB + Azospirillum
Means followed by same letter are not significantly different at p<0.05 of Duncan's Multiple Range
Test.
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