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LL. Isolation and Screening of Bacillus spp. for
Microbiological Control of Sclerotium Rolfsii Sacc., A

Stem Rot Pathogen of Groundnut
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Departmenl of Botan)'. Shri Guru l]uclclhisu ami N'[a]ln ich'alar a. l)urrrl (Jn )

Abstract

Stem rot is one of the most import:urt disease olgroundnrrL ceLrsecl [-r\'5.1c|o1ir.rtrt. rrtiTsii

Sacc. rvhich causes major crop losses. The plescnl sludv uas unrlerlal'ert to search lot. lhc

efl'ective Bacilltrs spp. lor nicrobiological control ol Sc'lcrttttt.rtn tol,l:'Li Sacc I )9 [-itci lltt' .,;ltlt.

ri,ere isolated from diflerent rhizospheric niches o1'h:allhv plants. 3nd scret-nerl lrt t'tltr, l,rltnrt

Sclcrotitnn rol/.sit. b1'dual culture techniqLre OLrt 
'r1- 

lhesc /Jrii iill '; r1t1t ,tJ:i.iilt '. ,i'rl' -:iI Icurcl

efi'ectir,e in managing the phr,topathogen bv clLial cLritrLr e tt'cirnicl uc

Keywords: Groundnut. Stem rot. Scla.t.tttrr.rirt t'Ol1.tii. llLttillit.; :7tp.

1.0 lntroduction

Stem rot caused b:, Sc/erotium rol7.siL. a broaci ho-\l r'zlilre iLrr.trLrs. is Lir,: ina.1,rt si,il [.ttr,t

drsease of groundnut (Arlc'ltt.s hypog,uet) [rr Inr]ra unrlnq tlrc rorl-bornl l-ur,:rtl rlii'it ,'. ,,1

groundnut, stem rot caused b1' S. rol/,rii 1s e poteirtlirl threal tc, 1-rlo.luctiotl arltal is c1'cutr:iti -'r'l,Lric

economic significance lor groundnut grou.r Lrncler i,'rigaleti e-onclitiorts Slcnr-r'01 tttLtsid [)\'.\'

roll,\ii ts sporadic in most of the groundnut grournlr areas Iilie l'anrrl Nac1u. ,{rrcihrt Pracleslt.

I(arnataka (Pande. et o1..2000).

The traditional agricultural praclice 1o controI lhe irhi'topllht)ge]r ,\ i'o,t l\ti ts hr Lrsiir r

r,ariety of fungicides e.g. Bavistin, Caplan etc. bui a se\ele clisa.lvanLage crl'the tr.icl itronlil

melhod is that it is no1 effectit'e 1o check tlr.,' S'il,'r'r lrirni rlu[irrg 1h.' ('1'c,1trtLn -: rret'iil i()i r- lrilr

dars) iind is not eco-lnencllt BecaLrse ol'tlr': in.-r','rt:e.l ri lrg,.' ,r1 .rit, rrt'.'l tttl: iCt',t'. I r,, lp.ls' '

concern for the environment and hunran Irt'llth. nricrobiiil itri,crtlltttli hlLt.: l-r'rt't !'\rrlrrll r'r f - i
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extensively duringthe last decadeto controlr,r,ilt and ofiel plenl disetLses (Sidilrqrii mcl Shalieel.

2006; Chakabort-v and Chatteriee,2008: Akhlar e r tl .201{\5.

Bacteria have been explored as microbiologrcal control rgents {irr plant diseascs

(Gerhardson,2002) and as plant grorvth promoters ancl rnciLrcers o1'disease resistarrrrc (l rrteil.ur rl

€t1.. 1999. Bargabus et q|.,2002', Bais er al .20()1) Aparl li-onr rm1lr'oi,ing plerrt lreal1h. tlier aisrr

meet the increasing demand for lou,-input agricullure

The use of anlagonistic bactena is repLrrtecl i-r-s a p()\\er'lirl sLruiegv to srrilpress,srril-l-rornc

pathogens due to their abrlrtl'to antagonrze tire palhogerr br nrr.rlriplc rnorles an!i ro cr'i eerr\r \

colottize the rhizosphere. The r,i'idelt'known iliecharrrsnrs o1'biocor.irrol action iire co]rl)etlllon

fur an ecological niche or substrate, as uell as the procluctron,rf inllbrLrll rorl)pr)L,rli,l r -il1r1

hy'drolyic enzymes that are oflen active agarnsl a broad speclnun o1'lirngnl l)rthogerrs \llrrr
microorganisms are knoil,n to produce mulliple antibrotics uhich can sul)lrress one (lf morc

pathogens (Haas and Defago,2005; Steur.2l)()5- Ce ct tl .20(t7 1 lror instanct'. /1,r. lllii' :rrlttlll.:

produces set,eral ribosomal and non-ribosor-nal lreplicles thal ac1 as antjbro{ics srrcl.r as llulnrs.

surfactins and nvitterml,cin (Asakaand Shocla. t99(r. Stern,20()-5) and it secretes ulso hvclrolvtic

enzvmes, i.e. protease, glucanase (Cazorla at crl -2()01). chitiritse (N'lanjLtla cr a/. 200-1). Lprse

(Detry et a\.,2006) and amvlase (Konsoula and L,ialiopouloLr-livriak;des. 10061

Pseudom(tncr.t sltp. utd ]jacillu.y spp. haYe been applied as bioconti'ol iLgcnls to slrllllress

plant-pathogenic organisms (l(oun]outsi c'l rii l(lo7. .JoseDh .'/ i/,i . ror)ii. \l,llt.ir . ' ,11 - t r,) irr

par-ticular Bacillus spp ls gainrng recognrtron as sal-e biocontrol agenls irr a rlr.ictr t,l cr.ops.

specificallY as seed protectants and arlihrngrrl rj.'r,s (.Aslrlli rrrl 5ho(l :1. lir()(,. Stcin. l0().:)

Moreover, thel,are spore-lormers. rvhich lnrpiut a natrrrrl iirrnrululirrn iltl\lrruigJ o\er'\)11rer'

microorganisms(EmmertandHandelsman. 199(). I-Jalsancl Delirgo. l00-5. Ronrerctt'l tri l()()7)

The oblecti\re of the current sludl iras to isollte l)erticrlarl\ llLrt'iiltt' r/,l, 1l.onr

rhizospheric niches of healthy plants such as Neem ancl evalualc its potential Ln vitr',., tn

controlling the sorl-borne pathogen, Sclerc,tu.rtn tctll:rL. caLrsing stenr lot ol'grcrLrnrinLi L br ciLrul

culture method.

PRINCIPAL
Shri Guru Buddhiswam'i |lahrvid;Jit*r,iarlezl /?c/errcd ond [ 1(i('

Purna (Jn.) Dist.Parbhan
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2.0 Materials and Methods

2.1 Stem rot pathogen of Groundnul

Sclerotium rolfsii, Stem rot pathogen o1'groundnut haci been l\olate(l tl our laDot.a1,)r'\ rr

previous studies (Rakh, 2010). Fungal cultule of .\tlerctthttt i'ol/ili las rnaintlrtnccl ort l)olalo

derlrose agar (PDA) b1'sub-culturing at regr-rlrrl tttltt t rtls

2.2 Isolatiort of Bucillrts spp. from lthizosphr'r'ic rticltes

Soil from rhizospheric niches oldrlI'elent heailhv plilnts su0h as lleeir. so\bL':ul. lLtr etc

u,ere collected in poll'-ethylene bags and brought lo tire resear.cir laboretorr I gtir oi-,rrtl s.Lrr l,r.'

u,as inoculated into 100 m1 nulrientbroth and liept lbr irtcubalion ilt luonr tcnrPrrtll tut'ror l-1 lr

Forisolationof BacilltLt rsolate,amodi[iednrelhocl L, l-l.,ir-ncl trl..l]f.)!7)rr,tserrtltiorcri ..-\ Lrrl

o1'enriched Nutrient Broth n,as added to l(l ml slerrle drstrllecl rr aler irrttl kel)L al 3i) (' lil ?rt nlrit

laler on a looplul olculture u.as streaked ou nLrlr'lcnt ag,.rr lrlrlcs. l)laies rrr'iJ itti,r.tbrttotl ltl ra,ollt

terrrperature fbr 48 hr T1'prcal \\,hite colonies rrer -' l,iclieri LrP trtiirr ici L;ril. :rrril IL:trl c.i .,rr

nutlient agar slants. All the isolates \\:ere lentatirell nanretl clLlrirtg tltts re-.eltt cll to altrril

con[usion.

2.3 Screening for Potential Microbiologicirl (lorttrol agtrtls

Al1 the Bctcillu,slpl?. \\,ere screenec'l 1'or potcnli.rl ilrrtirB,rlri:L:J lr:Lir i' i!lr l:.i \ , ,;',' / r

I(ng's B agar (Ran, el ul.,2003') using dual culture te;hniLllie. lRarigcsiu,rltiLtt lltrJ l'tLs.iJ. lii;i,tl1

An agar disc (5 mm) u.as cut lrom an acti\.elv grori rnl (9(r h) S ro,t tgi, ancl p'l:t:c,l trrt thc srr'1ecr'

of fresh King's B Agar medium at the one side o1'the Petrr plates ,'\ looplirl ol-t'lc1t\elr srL,rtiirr

lJcrcillu,sspp.(each)u.asplacedopposrte1othelirngal clisc PlatesinocLrlaLecl urthplrrlopalliogorr

and uithout bacteria \\,ere used as control. Each erperinrenl \\'as crrnr'tl ltrl itr 1t'rplic11..s Pla{es

n,ere incubated at room temperature 1br 7 rlars Degree o1'artLag'-rrtisrlt \\.ts dctel'rtrtntrri [lt

measuringtheradial gronLholpathogenu jth blctcrir: lclrllrircrtttl ccttlrol irlrcl [)t'rct]lll rtrhl[li1r,.rtr

u,as calculated b1'the lbllou,ing equalion (RrLrrrgtr c'i r,i, lt t03)

C,rlortt' diantete l of pat)r..1trr - L qir:t'rr. ciiar:l':'tr i: :1.1i;rr'-l'- l

alQlre iCorlIl()il
l:rhibition {9oi =

Antailoittst

COi,rrtl d|aulct,.:r trt,-ratlic,$eir aioue

PART - I I Peer Revie'tvetl Refen'ed atd LIGC Li,s/ed ;-n

l)--)
pRrffim 

.-



V()l.1IME - VIII. ISSIJIi - I -.lANllAIiY - MAIttlll - l{)l')
AJANTA - ISSN 2277 - 5730 - TMPACT FAC1'OR. - 5.5 (l'r,.s,lif:ttrt.rr.tt,rtt1

3.0 Result and Discussion

3.1 Isolation of Rhizobacteria

In present \\,ork. 129 Bacillus,rpp. \\'ere isolrled Ir'orn rhizosphc'ric niche-s o1',]il-ii:rent

healthy plants such as Soybean. Neem. Tur etc All the rhizospheric jJLrc'illt.i : .:i,p \\erc

lentatively named u lSacillt.t,v ,spp 1 to Bcrcillt.L.: .s1.tp 12)

3.2 In Vitro Screening for Microbiological Control agents agairtst Sclerotittnt t'L)tl:u:

To search fbr potential microbiological control ageirt. the entire l)t) l'i;ii,ii11: ..:1t1t

screened for their antagonistrc actri rtr' lrgi.lrirst .\ rol7rt. br ciua] cLrltute rrtc'Lhod 11te lrrcsertt

slLrdr has shou,n Ihal Sc'lerotit.Lm. rol/.;ti, the stcur rot lretlroqen c,l'gloLrrtrlt'tLtt cl:t [re ,'ortLIal ,'c i,r

]ltrcillt.L.s spp 57 recovered 1l-om the rhizosltherrc nrche llrr iilti.: ,1t1' ,i- rios litLrtt,l tl-,.'r't .' r

inhibiting the phl,topathogen. Sclero/itm roll.\'tL tn \r1li'o (-i() (j(; 9l) iri corttritsl to Lrlll.r |lttt'illti,

,spp. rsolated from various source (Photo P1a1e 1 & Trble I )

This result ivas in correlation lr,rth lhe resulL obtainecl br C'hen ct ct I (2\)()4t Srntiirr

findings were also recorded b1,the studr ci.rncltrcted br Sorrto .'t .r/ (2(t()-; ) 'rir.'r -' ,lri'el lLl

groivth of Sclerotitun,\pp. \Nas inhibited bl applrcatron ol- lJtelllu.t )lrl usiltg the ciurii citltuie

technique. Similarly findings were also sho\\'n b-1, llct,:illu.t u.Lbtllr.s ultich reclLrceil the grorrLlt o1-

S.rotliiieffectivel.vonPDAu4rencomparecl rviththeconlrol 1l.,ersirancl Feneila" l(iSS).tlLlso

b),Gomashe et cl., (2014) rvhere BscilhLs s'rLbnli.s'lbuncl elfectiie in contr olling,,\'i'/crr;r,i,rir

rol./iii b.v produclng bioactive compound.

ffi'1. i,.itlo't ,u;; "r
^" r'r"' { ;'1 r:'

PhotoPlate2:Irtvitro Antagonisurof Btt''i'i h'rs\ii'[) )] ltgltinst '\'lit''' trt'itt) rr'lli'rb''Dtral

-Shri 
Guru suacrf$,:l ir.aherrra.-,-..-

rll

,i

Culture Techrrique

r*-]u y_-
PF.ifrEiPAL

-. . ? .-.. o.lr'rii.*,.i tiahavidyalaYa

Il ef en'ttd trntl I i(]('- l,r.st c,l
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3.0 Result and Discussiorr

3.1 Isolation of Rhizobacteria

In present $,ork. 129 Bocillus,rpp \\,ere isollled Ir'orn rllzospheric niches of ilil-li:rertt

healthy plants such as So1,bean. Neem. Tr-rr etc All the rhizosltheric l)Lrcillt.Ls :;;,,p \\ere

tenlatively named as Bcrcilht,s ,spp 1 lo BqcilltL,: s1tp 129

3,2 lrt Vitro Screening for Microbiologiml Control agertls against Sc'letotlunt t'oll.:tt:

To search for potential mrcrobiological control agcnt. tlie cnlire ))t) jJtit iiitt'' .:1t1t

screened for their antagonistic acfiriti Irgi.lurst,\' ir.,//.iit. bl ciLral cLiltule It)eLltr)d 'l it.' 1,rc:crl

sludr,has shorvn lhal Sc:lcrotit.tru rolJ.tii.lhe slcnr rot Ilrtlros!-n c,l-:lli.rLirtclttLtl rrlrl []c cotttrollccj br

lJ,tc'ilLu.t .s:pp 57 recovet'ed 1'rom the rhizoslthtnc ,,1glle llrTr iilt't '1t7'.rl r''lts :,lLrrlci r'l l'cl '.' r

inhibiting the phi,topathogen. Sclerotium rolf.srr tn r;r1r'o (5(j (r6(),i) irr contrlLsi Io other IJ,t,'iliri'

spp. isolated from various source (Photo Plate I & Tahle I )

This result rvas in correlation rvith Ltre resLrlL obtainecl br ('hen ct (tl (1t)()li Sirrilrl

lindings \\rere also recorded b1' the studr conclLrcted br Sottto .r1 ,rl tl0(i-l ) ,rl-:.'r.' r:r ccl,rLl

gro*,th of Sclerotitun.tpp. \\ras inhibited bt'applrcatron ol'lJtttilltu rp7r. LLsing Ll.ie dLr:il cLtLlut'c

technique. Similarll'hndings were also shou'n lx' Bcr.rllus .vt.Lbtrlr.; uitich reclLrced tlte ilr ou1lr ol'

S rotfsiieffectivelyonPDAnhencomparecl rr,ithlhecontrol 1i',ersjr and Feueirit" l()SS)italso

b),Gomashe et al., (2014) where Ilacilh.t,:,st.thtilr.s l'ouncl e1'['ec1it'e in conlrollirtg 5'i'ic/,r//1rlrr

rol/iir b -v producing bioactive compound.

'1{rt ,:$q
I 'i t'a, ."ii

....:.. :: .:.::.:.:::r::'.):. ...

Vitro Attagonism of Iltrt.illt.Ls splt 57 agairtst S',.1t't't.'lltrnt rc'lili lr [r.t'Drral

tr;-
,.lf,SfhahavidvataYa

Cultu rc -l't'clr 
rr iq uc

llcfln cd ontl IrO(" l,t.slu,l



VOL,UME - VlI]" ISSUE - I -.IANUARY. MARCII :iI I.I
AJANTA - ISSN 2277 - 5730 - IMPACT FAC'fOIL - 5.5 llrvri.s.jilrr(i{)r.c )nr)

Tentative
Name of
Bacteria

Inhibition
of 5." rolfsii
(%)

Tentative
Name of
Bacteria

Inhibitiorr
ot' S. roll.\'ri
(9,i,)

'l'cntutivc \:tnre
oI Blr:teria

Inhibition
of S. rol/.sii
(%)

Bcrtillu.s' stpp. I 21.2 Bocillt,t.s s1t1t -i-i 2() 4

,Ls --
Rac:illus s:llt ,9 426

Btc:ilhrs spp. 2 35.3 Bocillus .\il)|) -i-; iJ tt c r I I r,L.s,\1|) iti) )_1 )

Bocillus ,tpp. 3 43. I Bctcilht,g ,rpp 1(t 10 9 !r1qt1!!:!1lr,_,1e

l3acillr.L.s.;pp 90

J_)

1i
I

iBcLcillus spp. 1 12.t Bacillu.s ::pp -/7 161

Racillu,s spp. 5 ?tr\ Ilacillu.s s:pp. /d 'tr ) ]joctllus ,s:p1., 9 i tl')

Bac'illus spp. 6 30.4 Bacillu5 5:pp J9 215 llcrcrllus,sltp 92 J6)
Itr *---Rucillus ,spp. 7 19.0 Rttcillu: .s:p1 t 5(t J:I Il cr c' l l l t.t s st /)p. 

() 
-:

Bucilhrs spp. c9 12.5 Racillus .sp1t. 51 l3r l3scillt,t,s .s;pp 9-l l I )la -

llcrciLlus spp. 9 ,l I Bctcillu.v s:1tp 52 12 0 BacrIlns ,st1tp. lt-: _) 6

Btrcilltr,v spp. l() r 6.9 Rttcillus .s1tp 53 l!)8 Rqcillt.L,s s1tSt. c)6 +) n

Bocillus spp. I I 3t.7 Bacillus sp1t. 5-l L3 I Bncrllu,t sp1t. 97 341

Rocillr.ts ,spp. l2 JJ \/ Rocillus .spp 55 2s8 lJoc:iIlrt.s s1t1t 9,\ il5
lJucillus spp. l3 27.0 Racillts.::trt1t -:,{', 3 ,r Bqcillu.s ::p1t. 99

Bcrcillus spp. J4 364
202

Ilacillus s1tp. 57

Rac i I I t.t.s' i/1) -il,'

56.6

53
BlciIluy1 spp, !{){)
Raci llu,s spp. I 0 I

30
00Btrc'illusspp l5

iJtrcilltrs ,spp 16 16.0 Bscillus ;p1t -:l) 1:l l Rcrcillrr.s .sltlt I (. 7

Rctcillt.rs ,spp. 17 1 1.0 Bacillns spp 6L) 2El lJcrc'Lllr.L.s s:14t I ()3 () (l

BcLcillus spp. lB 14.0 Bacillus .splt. 6l 337 Bcrcrllu:;pp lt)1 16 8

RcLcillus spp. l9 23.0 BacillLts sp1t 6: 10 -l IJcr ci I l.tL.s s:1tp. I (, () ()

Rctcillus spp. 20 26.9 lJocillus ,sp1t 63 -1-) l l']tr c' 1 Ll i.L.s' s 1tp. 1 () ( 3,i 2

Bqcilhts spp. 21 2,5.0 Bqcillus .::ptrt 61 1l 1 Bcrcilluv ,rtrtp. l(. I8 6

]Jocilltts ,spp. 22 18.7 lJacillt.Ls spp 55 3l (t ]Jcrc iI Itr.s .: 14t I [),: +li
Rqcillus spp. 23 13.4 BacilltLs' ,:pp. 66 46E ]jcrcilltts' spp. l(l) +._

B0cillus spp. 21 15.7 Bacillus spp 67 28 Rocillur s'pp. I /0 0()

Racillus spp. 25 2s.0 Bacillus sp1t 68 ,i6 ]Jut:illu: spSt. lL I 41 e

Bucillus spp. 26 13.8 Bacillus sp1t 69 4.6 fltrc'illr.L.s t;tp I l2 378

Racilhts spp. 27 2(;.5 Bacillus .s;1t7t. 7(l ',/ -] flcLcillustpp 113 00

llscillus s:pp. 28 31.2 Bac'illus .s:pp. I i 4)8 jJcr c r ! it.L,: .: 1t1t. ) | I t] ..t

llcrc'illt.ts spp. 29 I 1.8 Bacillu,s tltp 7) rll 5 lJcrcilltrs tp1't I l5 l() 3

lJtrcillus spp. 30 l.t 3 Bqc:illtLs'sp1t '|3 i'1 -tr flctc'illu:' s1t1t I l6 28 .i

Bcrc'illu,s spp. 3l 31 1 Bacillus .s1L1t. 7-i .lli l Bacrllt.rs .sp1t I l) 71 6

Ilacillu,s spp. 32 25 I Ba, illtr.: .:1'1 -i l, -l IJcrcil lr.L,s,sp1t. I I B (l ()

IJocillus spp. 33 2t.9 Bacillu,v .t1.tp. 76 3-i ii lJttcillt.t.s' .s1tp I l9 )t) 7

]]trcillus spp. 31 /,J ./, BacilltL.s .t:p1t :7 I I 5 Bacillus .tpp. 120 137

]jucillus spp. 35 Jd.-) Ilacillus .s;1ttrt 78 214 b,r"ill,tr',.t 1-'l i jt',
]jcLcillus spp. 36 27.4 Bacillu.s s:pp 79 141 Btt(tllrt: i77r 1-)-' i I I'
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Racillus spp. 37 11.3 Bacillus spp ,\0 211 IJrrcLIl.tt,t spp. l23 2t) 1

Rocillus spp. 38 21.8 Bac:illu.s spp. ti) 29 {) f3crc rllu; titlt 1 )1 t) ()

Ilocillus spp. 39 9.8 Bqcillu.s rlI, ,\'-1 152 Bctcillr.Ls sltp 125 11 4

Ilctcilhts spp. 10 t1 3 Btr ci I h.ts .!/Ir,\-.' 194 lJttclIlus ;1;1t I)6 I4 
'

R0cillt.r,c spp. J1 23 1 Bcrc:illus sltp ,\-i 239 Boc:ilhts' spp 127 00

Ilocillus spp. 12 25.3 RqcilltL,s iTyr ,\-i 314 llttc:tlltL.: ::1tp. L 2,.\ 389

BctcilhLs spp. 13 13. I Brcillus spp. 86 -16 3 lJtrc:l1lu.; ,sp1t. l 29 t-5 7
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Tablel: Itt Vitro Screening of Bctci/ltL.s.s7.r7;. aguirtst ,\'.latrttrrttn. rrtll. it ls7 tlttltl cullttlt

technique
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TABLE: Cadmrumcontent(mg/kgdry,'leight) rn so{1 tissr-res oi'('()//)/rrll(r tltttiltl,rr tl-Lt't .Lrtrit'

lreatment.

Cd accumulation(rngf l<g dry
weight)

The florv of elements tkough difl-erent trophic ler el through lbod chain Ftslr are leecl

on algae, zooplanklons and aquatrc planls I'iish are rhe nra.jor boltonr l'e.'clers in tlte ecosr str'rrr

r,r'hich also har,e tremendous capacitv to accurr.rLrlete ell the nrrcroclerrr,'r'tis present rn tlrerr lbod

Fish are considered as the main bioaccurnr-rlatols ol'p,:sLicr,1t-'s. hea,', ttretitl:. tcrrtc cltertticrls etr-:

Hear'1,metals are the class olhighlr tortc elernents. -'ausrn;l .lr .ill llL:rllh lri',,hli'rt l'.., It rrt,n irl-r:

through bioaccumulation from the fish

Copper bioaccumulation and depr,rration br red. s\\ilnll crai l'ish. lllr)ciulll)ir'r.l r cl,tr.f ilr

u,.as observed b1,'Nagr,i et-al (1998). Thel'conclutlecl thi11 cra\'1lsh iras a grcat potenlial ibr rapitl

accumulation and depuration olCu in lreshuater. nrellLl concentretlon itt li:,iLte: ol- llte i'; r':l rt.ll"ti

fish. Capoeta barrotsi lrom the sehan river \\ias rellorted b1 }'argrn (199E) FLrtg et-lrl (l()()-l)

reported that due to industnal actir,it),the hear I nrcteL corcentrlti()n .uch as. .,\s. (ltl. Cr Nr. Pil

Se. Zn, Fe, and Hg. lere increased rn the boclr rtl- ]'erntr t,Lrltl t.: artcl ,Vtltlr.i cr,tttlr.i tti thc cast

coast ofchina.

Corrclusion

The results obtained inthis inrrestigation shou,erl g'eat corr,-:lation uilh ihese obldnc'cl

bl other workers in this fie]d In response ttr ;n.r.'li:r,:tl corrcentlrltiarrr:- r)( clLrlttttLr Ill itr ( ,,.' r / r

,y t r io te I la accumulates hi gh levels ol caclmt Lr rl
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