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Corynespora leaf disease of Hevea brasilicirsis: 
A threat to natural rubber production 
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Na t~~r , l l  rl~hbc-r (NK) i r o n  the rubbcr tree ( l - I~ ' i~ '~r  i~ r r f r i l r t ,~ r i )  is the most 
versatile industrial rarv material prc~dllccd by any plant. Since ihr  ciiscovcry of 
this malerial and itssoilrce by thecivilized world in thc early cigl~tecnth ccnt~lry, 
Ihe numerous usc>s of rubber have come L I ~  and now this plant product 11~1s 
become indispc*nsable for ci\,iIization. The most important ap}>liwtion of ruhbcr 
is ill  ~ I L I I I I ~ I I  I I I O V ~ I I I ~ I I ~ ,  irom ruhher chappals to . ?~~ lomot ivc  and aircraft tyrcs. 
I luman ~no\~erncnt  in space and w.itcr arc also suplwrtcd by rubbcr components 
of the 'ships' ~ ~ s c d .  With the improrcmcnt in man's mobility, the clcrnand for 
rubber also increases. I t  is 1,rcciictcd that the world demand for elasto~ncr will 
be d o ~ ~ h l e d  in t11c next Lwc, decades. Due to sllortage in pctroleuni reserves 
and increasing cnvironn~c~ntal aw~lrcncss, the consumption of nntural rubbcr is 
likely to increase ?,is-il i,ii its synthc.tic altcrnativcs (Budi~nan, 2003; Smit, 2005). 
Flowever, production is co~~s tmincd  by availability of s l~ i t ,~ble  land and other 
 biotic and biotic stresses t h ~ t  influence productivity of rubher plantations. 

Among tlle hiotic const~-aints ior itnpr~we1ne11t i l l  pro1111~t1vity of r ~ ~ b b e r  
plantations, lhc most implrtant  is the incidence uf ~liscascs that cn~~sc.  significant 
crop loss. In  fact, the dominance of Asia i t 1  r ~ ~ b b c r  production is parlially 
attributed tt, the occurrence of a devastating dtsGisc of rubber trees in its native 
homeland. The  S o ~ i t h  American Le.lf Blight(SALF3) cpidemic  causcd by 
Micmc.,t/~ltr~ rf1c.i which dcvastatcd r ~ ~ b b c r  plantation in the early decades of the 
twentieth century (Cliec and llolliday, 1986) compelled thc European Coloi~ial 
powcrs to scarcli tor other suitablc nrcas for rubber cultivation and they c o ~ ~ l ~ i  
locate some rcgions in Asia. Now Asia dc~minnlcs in n a t ~ ~ l a l  rubbcr production. 
Any serious constraint for rubbcr production in Asia is now a concern for 
world el,istomer industrv. I t  is i l l  this context that the ncwly pmcrged epidemic 
leaf discasc c a ~ ~ s c d  by Cor!l~rt,.~jn~~.~i ~.ns.s.ii~.olii in Asian and  African rubber growing 
C O L I I ~ ~ I - ~ L ' S  causes serious concern. 

History of Corynespora leaf disease 

The earlier report on  occilrrcncc of a disc,isc of rubbcr causcd hy C.  ois.s.ii~-~~Ii~ 
was that of the nursery disease observed in the Ruhher Researrll Institute of 
India Farm during 1955 (Ramakrishn.1n and Pillay, 1901) althougll association 
of the l~ tngus  with rubbc,r leaves was reported by Dcighton (1936) from Sierra 



Leone. The disrase was mainly confined to the nurseries and young immatilrc 
plants in tlie main field. Sporadic occurrence of ihc disease on matitre trees 
have been reported fro111 s011ie locations in India during 1969 to 1976 (George 
and Edatliil, 1980) but was not co~isidered significant as the extent of plantation 
area affected was very 1imitc.d. The epidemic form of tlie disc.1se atfecting 
mature tree and caitsing significant tree and crop 10s was not known until late 
1980s. 

Disease incidence in Sri Lanka 

The first occurrence of severe epidemic of Coryncsporcl leaf disease on matitre 
plantation wcls in Sri Lanka during 1985 to 1986 (Liyannge ~t n l . ,  1986; 
Jayasinghe, 1997) in the clone RRIC 103. The clone RRlC 103 was one of the 
liigh yiclding clones developed hy the Rubber Research Institi~te of Sri Lanka 
(RRISL) in 1958 a n d  released to tlie growers in 1978 after prol(~nged 
experimentation. In an attcmpt to increase tlic productivity of Sri Lankan 
plantation, large-scale replanting with tlic new high yielding clones was 
pro1~1oted during the later part of 1970s and RRlC 103 was identified as one 
among the most promising clones to be popitlarised. Soon after the release, 
the clone became very p o p ~ ~ l a r  with botli large estates and small growers and 
by 1985 about 2.2 '%) (4500 ha) of the total area ~ ~ n d e r  rubber was replanted 
with this clone. The severe form of Corynespora leaf disease reportecl in 1985 
from Dartonfield Estate of the RRlSL spread to all tlie wet districts of Sri Lanka 
within two years and by 1987 more than 4000 ha of plantation was affected 
(Liyanage r z f  nl., 1989). 

The occurrence of this ~liscase on the new clonc shattered the confidence of 
growers in the new clo~ics developed in Sri Lanka .~nd in order to retain their 
confidence it was necessary for RRlSL to recommend destritction of all tlic 
plantations of RRIC 103 (more than 4500 11'1 by 1990) and for the Sri Lankan 
Government to pay compensation for the growers which atnounte~l to over 
Rs. 60 million. Other clones ohservccl as liiglily susceptible cluring that period 
were RRIC 52 (one of tlie parents of RRIC 103) 2nd n tcw exotic clones c~tltivatecl 
in Sri Lanka. 

One of the altcrliative high yielding clones available for planting in Sri Lanka 
was RRIC 110, which proved very promising in early p1,lntings in Sri Lanka, 
Malaysia and Cote d' Ivoire (Ivory Coast). Vietnam 1iaJ nlso ~tsed this clonc as 
a parent in their breeding progr'lmme. Rut after ahout 10 years of Iargc-scale 
planting, RRIC 110 also was observed to be severely atfectc~l by Corynespora 
leaf disease. This raises serious question on our reliance on tlie so-callcd 
'tolerant' clones for replacement of susceptible pop~llations. The apparent 
tolerance reported for clones appear to be transient and these may stand healthy 
only till the development of a new strain of Cor ! / r i rq~orn .  



Disease incidence in Malaysia 

Corynespor,i leat ~11sease was ~ l c t ~ c t e ~ l  in h i ~ d w o o ~ l  nilrscrles in Malaysia 
 luring 1960 (Newsam, 1461) and \\.as confined to plants which were weak due 
to iron deficiency. The. f i rs t  disease outhrcak in the trees planted in tlic main 
iicld was reportcd on clone RRIhl 725 in 1975 and  subscqi~cntly o n  a few clones. 
The wi~lcly ci~ltivateci cloncs RRIM 600 a n ~ l  GT I were rated as rnoderatelv 
si~sccptihlc. 

The silr\rcy on discnsr incidence carried out in 1990 revealed that ]ohore, 
Srlclngur, Trrcngganu, Malacca and Pcr,ik were regions tliat sliowecl high 
disease incidence. RRIM 600, GT 1, PR 107, RRIM 703 and RRIM 725 were 
reported as severely aiicctc~l (Tan, 1990; Tan nl., 1'192). A s u b s e q i ~ c ~ ~ t  survey 
in 1993 also revealed high disease incidence in Johorc and Tercngganl~. There 
wcrc sc~rne vari.itinns in the disease inci~lcncc in tlie different clones although 
clones rated as susceptible continlled to show syrnptwns (Kaniar, 1994). The 
survcy during I996 added Negri Semhilan to the list c>i susrcptihle states and 
'Tcrenggani~ ren~aiincd as  most susccptihle rcgion. RRIM 600 was severely 
inieclecl while PB 2L7 showed nioderate suscrptihilitv in lohore. There was a 
clear indication of movement of the discase severity from soi~tii 10 north in 
Pcl~insular Malaysia ovcr thcsc years. Iluwevcr the environmax planting 
reccrmrncn~1,ition liad heen h e l ~ t i ~ l  in keeping tlic disease under some control. 
The clones rcportc~i to remain disease frec ~ r c  PB 2 13, RRIM 628 and RRIM 937 
(RRIM, 2000). 

Corynespora leaf disease in Indonesia 

In Indonesia, Corynespora leaf disease was detected for the first time in 
1980 in the Scmbawa expc~ri~nental station, South Sumatra (Soepcna, 1983) Later 
the disease was ohserved tu spread to Central and West Java (Socpena, 1986). 
Suhseqi~cnt observations revealed discnse splca~l to Acch in 1990, lamhi, Riau 
and L.impilng in 1992, East lava in 1993 and Knlilnantan in 1994 and must 
other rubhcr growing regions. During 1960s, nearly 1200 ha was severcly 
aftected of which 400 ha liad to he i~prooted c'u~sing an ec~moniic loss of RP 200 
billion (Sinulingga (,t nl., l99h). The recent reports in~licate tliat 70 per cent of 
rubbcr area in Indonesia shows varying degrecs cli disease incidence. There 
was tip to 2-ycar delay in infected young plants to reach maturity. The crop 
loss estima tcti is 30-50 pcr cent (Sujatno and Sulicndry, 2000). 

Disease incidence in Thailand 

Coryncspora ~l iseasc  incidence wrcis tirst rcportcd in Thailand in 1985 
(Kajornchaiakul, 1'187). The disease was observed in cloncs RRIC 107 and KRS 
21. In tlie international clone cxrhange trials at Surat Thani Resc,irch Centrc, 
up to 2 pcr cent trce mc~rtality was reporteci due to disease incidci~ce. Disc.ise 
was also observcd at Songkhla Rubber Rcsearch Centre. The survey condi~cted 



in 19')') rc\~e,~lccl  t h ~ t  the c 1 i s c . i ~ ~ ~  \v,is p r r s r n l  in soutli?rn, c%aslern and 
northe~~st 'rn regions of Tliailanci .ind tlir rloncs iound susc~r~ptihlv incluclc 
Songklila 36, PR 255, PR 305 .in~l RIUT 251 (Cli.in~-ll.ing, 20110). 

Disease incidence in India 

The tist inciclcnccof cpiclcmic formof Corvn~~spor.i  Icafciisc~.~se \\,as ohsel-vcd 
in the Ruhhcr Rcsca~.cli lnstitule (if 1nJi.i (RRII), I lc%\:ca Brc~eciing Suh Station ,it 
Ncttnna in Soul11 Karn,iLak.i during 19'11'7 (R.ij.iI,~k~hmi ,inel Koth,in~Inraman, 
I9Oh). Thr  ~l iscasc was  noticeel in ~ h c  nc,irby ~ ~ l ~ i n t a t l o n s  in 1997. Altcmpts to 
evolve appropriate contl-ol measures were srmn initiated by RRII. Both higli 
a n ~ i  low V O I U I I I ~ ~  (oil-based) spraying of  copt~ . i  and m.incozcb were c1hserve~i 
to he effective (Jacob, 1997). An cxtcnsive sur\,cy c .~r r ie~i  O L I ~  in 19% revcale~i 
thal lhe cpi~lcmic was  wi~ ic sp rea~ l  in Suhr.lm~il~ya, Sulli,i and Pullur nncl liaci 
t,xtcn~lcd 1112 to Kanlianga~l region in Kcriil,i, \vhicli adjoins S o ~ ~ l l i  K,irnalaka. 
In order to rl-cate awareness and  clclnonstrale thr  rtfcctivcness of chemical 
conlrol, ~lemonstr ,~t ion spraying wcis carricci o ~ i l  in aboul 20 smallhol~iings in 
the elisease-illiceled region during 19'16. 

During 19'19, LIIL ,  ~ i iseasc Lic*camc \,cry scvcrc (50-70% clisc.isc intensity) in 
Suhramania, Sullia, Putliur, Madikcri 2nd K;lnhangad regions and a dis?ase 
e1-a~iicatio11 c a t i ~ p a i g ~ ~  was l a~ i~ ic l i c~ l  111 \vliicli liiorC tlia~i 10, O[l[l lia were sprayed 
using citlicr copper or  rnancclzel~ fungicide.; with the aid lrum W ( ~ r l ~ i  Bank 
Assisted Ruhl~er Pl.ojcct. This Iiclpc~i in . ;u~prcssion of the inoculum (Jacob 
and iciicula, 2004). S~ i l~scquen t  tinnllal s~ir\,c)-: in the ~Iiscnsc cn~ lcmi r  areas 
have rv\,calvd t h ~ t  the intensity of  the ~11scasc has rcmaine~l low ( u p  lo 35 I%,) 

(Manju 1.t iri., 200L). Althc~ugh 1n~icicr.ltc cilsc~;lsc% inc~cience is noliccd in some 
pl,lntntions rcccnlly, the cliscasc has remained fairly i~ndc~rcontrol  and signiticant 
tree or crop loss was reported only from \.ctry tcr\. plnntntic2ns. Chcmical control 
mc3.isurcs,irc~ u n ~ l c r t , i k c ~ ~  i f  sc3\'crc occurrcnccc~idisc~asc~ is noticecl in planlalions. 
Thr clonr most w i t i ~ ~ l v  cultivatcci in this re-gion is RRII 105 'lncl i t  w , ~ s  observed 
th.it this clonc is susrcptihlc 2nd illis C ~ L I S L Y  ccilncc*rn (Iciiculn ?t ill., 2000). Low 
disc,,isc incl~icncc~ w,is ohservcil In arcas pla~itc*ci wilh GT I .  

I t  is c\zlticnt th.it thc timcly intervention 111 prc,vcnt the progress of the 
disrasc* l l l r ~ ~ ~ f i l ~  ~ I I C  ~ i isease cradicntir)n campaign c.lrricd out cliiring 1999 has 
been fruitful in r~,clu~-ing the intensity of disease in sllhseclr~enl years. 

Disease incidence in Vietnam 

The disease w.is first ~ictcctcd in Laikhv Rulhcr  Experimental Station of 
Ruhbcr Rcsc,irrh Institute of  Vietnam In Aug~ i s t  1999. Severe ~i iseasc inci~icncc 
with fish hone type symptoms was noticed. By SeptemL2er 1999, disease was 
reported from \,arious estates in S o ~ ~ t l ~ e a s t e r n  Vietnam. A scverc outbreak of 
disease was  repc)rted from Locninh whcrc morc than 200 ha of immature 
p l a i ~ t a t i r ~ ~  c ~ l  RRlC 104 was complclcly defoliated in January 2000. The disease 



is rcportcd i r o n  South E,lstcrn region ,inct Central I ligl~lnnds ut' Vicln.lrn. The 
cloncs LI 1 S8/372 (a liyhrid of RRIC 110 and C,U 1 4 i O ) ' ~ ~ l ~  103 and RRIC 104 
.1rc scvc~cly infected in Victnatn. 

In an ,~ttcrnpt to i-liminatc s~~sceptible trcc%s, 221 tre's wcrc icnlovcd from 
L.likhc Espcri~ncntal Station. More than 3000 susreptihlc trees were ,~lso 
rc~novccl irom dittcrcnt c s t~ tcs  in Vietnam to avoid the clangcr of eliscase s ~ r c a d  
irom afirctcd trees (Dung anci I loan, 2(11)0). 

Disease  i n c i d e n c e  in Africa 

Disease in Cote d' Ivoire, Gabon and Camelmon 

The ~nciclence of Corync,spora le.if ciisr,i.;c in I - I .  l ~ r i ~ ~ i / i ~ ~ ~ ~ . ~ i : :  c~ll t i \~~te11 111 Cote 
d' Ivoirc was ohsel-vcd in 1989 ~,~r t icular ly  severe on clone RRIC 103 ancl this 
clol,c TV,~? comylc~tely cr.ldicatcci immc-diatcly. infection was ohscrved on 
other clones likc RRIC 110, 1'5 260, PB 28/59 and .;one IRCA clones. Severe 
c l i s e ~ ~ c  in RRIC 110 was observed in one loc,ition. 

In Gahc~n and C'amcroo~~, the disc.isc was ohservccl o n  the clone PB 260 
c.1~1sing 50 per cent clefoliatic>n. Some IRCA clonc.s and b1GF 372 were3 also 
atlackc~l (Jean, 2000). 

Disease incidence in Nigeria 

Corynes~orn leaf disease of rubber was reported for thc first tin(% in Nigeria 
in 196h (i\woderu, 1969) in the Western, Mid-wcstcrn and E.lstcrn States. In ,I 
clc~nal screening carried out at RRI of Nigeria Research Staliotl, Iyanon~o, 
Nig"i,ln cloncs NIG 800, NIG 601, NlG 802 .ind NIG 803 were foi111J to be 
susccptihlc. Besides RRIM 600 ancl GT I also showed infection (Bcgho, 2000). 
Ilowever, drtailed reports on dise,~se incidence in the plantation in the country 
.ire not available. 

Impact  of C o r y n e s p o r a  leaf d i sease  

I t  is cvidcnt that in the 1.lst two decades Corynespora leaf disease has 
cmergecl as one of the most imporrant lent dise,lscs of rubber in Asi,i. The 
extctlt of iliseasc incidence in Aft-icn is not clcarly known. Asia contr ib~~tcs  
nc'lrly L i 5  per cent of tlie world's n,itural rubhcr production. Chce (l'lL)O) 
cstirnatcd that the crop loss due to this ciiscasc, it occurring in wvcre form, 
would be nearly 20 per cc.~it. The crop l(~ss cstiniatecl in Indonesia is 30-50 per 
cent in itlciividu.~l p l a n t a t i o t ~ ~ .  Altliougli Iiighly sitsct~ptiblc clones likc 
RRIC 103 has heen witll~lrawn from rccomniendati(,n .1nd largely clcstroye~i, 
the threat of discase to other cultivated clones still exists. Tlle attempts to bce  
the situation by planting cloncs that show tolerance to the ~iiscasc lias thc 
potential danger of tlivw cloncs beconling si~sccptiblc to a new race of tlie 
pathogw as was oliserved in the case of RRIC 110, RRIM 600 .1nJ GT 1 .  Chemical 
co~itrol for the- disease appears to be costly ancl not pr,~ctical in many countries 



d u c  tu lack of a p ~ s o p r i a l c  machinet-y a n d  lo tlic liigli cost  oi l a h o ~ ~ r  involvcmcnt 
hcsicics thC e n v i s o n ~ n c n t a l  concerns .  C r o w n  l l u d d i n g  oi su . ; cc~~t i l~ lc .  h i g h  
yielcling clones wi th  cliic*.i.;c~ rcsistnnt c rown elcine h n  no t  he corn^. poplllar as 
the* techniqllc inv<llvc*d is cumhcrsomc nnci aucccss low in plnntalions.  

T h r  futurc  >ucccss in Corync.;yora lc%,~f ciisc*,ise control  nppcnrs to he in thc 
cfficicnt uac ot intcgratc,cl disc.asc mat lagcment  t c ~ c l ~ n i ~ l ~ i c s  involving a l t ~ m p t s  
his rcdllclion in t h ~ ~  inoculum a n d  \ . i r ~ ~ l c n c c  of the  p.illiogcn a n d  impro\,crncnt 
in the  res is tance oi  l l ~ ~ i v r r  c lones .  Molecular  hic~lt)gicnl tools now a\:ailnhlc 
c t ~ l ~ p l c d  w i l h  th?  s u c c e s s  i n  p l a n t  h i o t c r l l n o l o g y  o f f e r s  h o p e .  Dc,t,liled 
investigation on I~trs t -pnthogcn intcracti~it l  will he lp  in i d c ~ ~ t i t \ i ~ i g  the  post-  
inl'cction cvcnt.5 that  lend to resistance i ~ r  sll.;cc>ptibilitv. T h e  g c i ~ c s  involved in 
t r i g g ~ , r i t i g  r c s i s lnncc  mccli . ini5m in t h e  h o s t  c,in Llr Ioc,ltcd a n d  g c n e t i c  
engineering can  d c v c l o p  rcsistnncc~ in the liigli ytclding (susceptihlc) vasielics. 
Tlic geneticnlly engineered rcsisl.int high yielding m,itrrial c a n  L?c t i ~ ~ t l t i p l i ~ ~ i  
using the tissuc cltltltrc sys tems  which have alrc'ldy h r c ~  drvr lopeci .  

Ruhhcr  h c i n g  a smallholders' c r o p  in mos t  of the  p r o d u c i n g  counlr ics ,  
c p i ~ i c m i c  disease.; like Corynespo la  1c.al disease C'III c ausc  ser ious  impact  on 
thc  life (>i the, poor  f a rmers .  A s  rnc~sl of thc  r u h b c s  g r o w i n g  col ln t r ics  a r c  
d e v e l o p i n g  c o u n t r i e s  w h i c h  c.innot a f to rd  S L I C I I  s ~ r i o l i s  yet h a c k s  t o  ru ra l  
cconoilly, intensified resc~arcli to d c v c l a p  control  str.ltegy for this d isease  is 
esscnti,il. 

References 

A!vc~cic,rl~, V.A. (l1l1dJ). A t n c v  l c ~ , ~ l ' . ~ p ~ ~ l  0 1  l ' ,>r ,~ r o L , L ~ r  IIc~twi l~r,is~!,,,!jw in  N I ~ , ~ , , I .  l ' l f i~~l 1 l~sms~, 
i i ~ ~ l ~ o r l ~ ~ r ,  53(5): 40(1-40S. 

I3vgl~,. L. I < .  (2000). Thr s l . ~ l u s  Cur!n~.j>~,l-.~ lcui hpcll cl~sc. . i>~. c i i  I''1r.1 i-ubbcr in Nigcna. 
l'i-vlimin.iry invrsl>~,lh,n.~~r~~ l/<l~L~lI Worksl~t~l~ or) ~ ' o ~ ! , I I c ~ ~ ~ ~ , ~ ~ ~ ,  l,~~!//i,Il ~~'r~!l11,c,r, (1-14 Iunv, 

2000, Ku.1l.7 l .umy~~r ,  hl,~lav>~.l and ivlcd.~n, Indonc.si,~. 

Buclim.in, A.I:.S. (2002). C;l<b.~l t,ricr irrnd ol n,~lul-.,I i-liirllcr. In: c;ii,liiil i:i~r~ilv'tit,i.i.i,,. ..iiljirr,lti~ri 
!<~il>L~c,r l ' l z ~ ~ ~ l ~ ~ t ~ ~ ~ ~ ~  l~~zi~istr!/- l<t~l~la~~r l'lor~lt~rs ~ ' O ~ ! ! C ~ ~ C ~ I I ~ . I ~  1j1tim 21102 (ELI. C'. Kur~~\ i I l ,~  JJCOLI), 
l<ul,bcr lR~.*c,lrcl> lnslilulc c,i Indi.1. Kutlay.lm, Kcr,lI,l pj, 3.27. 

Chnnru.infi, N. (7-000) S l a i ~ ~ a ~ > i C ~ ~ ~ . y n r c p ~ > i a  leaf is11 in Tli,iil,~n~i. 1l:i:PI: Workslioporl <'f l r :y i lc ' i~ lrr I ' f l  

I~.sl/iill dr-ri1lLr.1, 6-I4 June, Krl.~l,i I.u~nt~i~l-, ivlal,i?sia a n d  b l~ ,d .~n .  Indonesia. 

Chcc, K.I 1 .  (1990). I<rlhhcr clis~..~sc.sand lhci~.cc,nln~l. R~~i~ i i~ i i~~ j j l ' / i~~ t l  l'i~l!~ii/i,,~!/, 69 (7): 421-430. 

Cl~cc, K I I  ,~nd ll<,lid.~y, P (19Sb). Sc,~1111 Amel.ic,?r I C . I ~  13I1ghI n i  11~111.ii i-uhbc~.. hf~11'1y5i.111 
Rubber Resr.~rcli .ind r)cvel<,txnenl l30.11.il. Ktlala Lulnpur, .iOy. 

DcighIc~r 1:.C7. (lc13(,). l ' r c l i ~ n i n ~ ~ r ~  list oi i ~ ~ n g i  ~ , n ~ i  ~ i i v , ~ w s  t>l,~r~ls i n  S~crr~i  I.c~c,nc, Kc,io 

l i i~ l l~~1~~i .  7: 797-424. 

Ilnnp, I?T.~nri I Iuan, N.T. (2000). C~trrcnl ~ l . i l u ~ ~ l C o r y n ~ ~ ~ ~ ~ o l - . ~  Ic,li f.111 r ~ l h b c ~  in Vwln,arn 
IRRLIII W<~rblio,r 018 i'or!jr~t~;jori~ l i ' i~l:hilii~jr-~il,l~~~r, 6-14 Jurc2000, Ku.>l,l L.umpl~~; hl.~l.~ysa 
and  Med,in, lndc,nc-.si.l. 



'lllrc~lli ,,I L <,r,/r,,~.)?,~!<l l<,ll/ ,dls,~~l\c, 

C;rc,r~r, h4.K. .rnd l id .~t I~ i l , l .T .  (IC1X(1) 1'1 rr,ynrl Ci,~.ynr\p,,l.,, 1c.d \p<,t diic;~hc o n  rna lur~,  
L L  1 1 1 1 , i  I 1 1 1 1 t 1 1  l < l l  l r ,  I l I !  1oso 

Id~cula, 5. ~'.,J.I~o~I,C'.K, M, in j i~ ,  M J  ,11111 K ~ l l ~ a ~ > d d r , ~ l l ~ , ~ n ,  I< (?000). C:LII.I.L,II~ >I,IIUGI)~C~~~> n~>por, l  
I I i I < R l l  W I I I  s 1 / r 1 ! ,  b 14, lunt.21100, 

J.~oih, C.K. (lC)<J7). Ll isc~~sc-.~>l ~~,I~I~II,II l l ~ r c ~ ~ l  1,) ~LILILIL.~ i n  II~L~I,, 1~1~111t~~r's L~l,r ,v~i<. l~~. 92: 451- 
Jh l  

/l!~,wri,.t~,, l , ~ r ~ j ' l ~ l ~ , y l ~ t  ~/ ' I~ !<,Z~C~~I  4-6 A4,l) 2004, S:~lv.><lor, l I r ~ 7 i l .  

J,~,.,>inglw, C.K.  (lLl'17). LC,?( i.1II disca.w .I Illrc.11 1,) 1~~111~1 XI< ~nd~t, l ry.  R i ~ l z ! ~ ~ ~ r  A~ICI: I'l(o): 55- 
50. 

61-1 J u n r  ?[1(10, M.,l.r\r<i.~ .,nil Vic,d.,:~. Ind<,nr..~.,. 

K,>~,I~II~I,,~I,I~L~I, 1'. (lL1ii7). C ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ c ~ r , ~  cii,w,~\~, o f  l ~ l ~ ~ o ~ ~ t ~  11, T l~ ,~ i l ,~nc l .  l'r,,~.,vd~i~,y< l l< l<L> l {  

i Syirr)wst,r,u PiiHii,li,;i!/ li/'l lt,rr,ii I,f i i .~il~~,~!.+~s. I(lX7(-11i,~1g \ l ,~ i , ' l ' l i ,~ i l .~~~i i .  p p  1-5. 

I ,  5 . .  ( I )  I> is l r ibu l i i>n and di \c.~sv a~,vcrllv I~L IL~LWI~  ~lise,?sr'- i n  Maldyshd. 
l'r~~<.<~,,~I~!~::s ~~jll<l<lll~ S~I~,JZ~WI!I,I 1)1s<,~,.s ,fl~l,vc,t, CUCIIIII, 1ncii.1 I,;,. 16-22 

I IL~,,~ %\>,It , t i  ttlLlL><~r (ll,~Z,<,~l l~rr,.!ll,~lls,s). ,Z ,nc,\,, ,r<~c,,rcl. J < ~ ! t l ~ l l < l I  <q' l<t , l11' ,~1~ Rr~.~<~#lr,l, l , ! ~ t i t l i t ~ ~  
c>)Srr L.ii,iAtl 65: -17~50. 

Liyn.rgc, IZ Jc 5.. I.~y.isinghc. C.K. ,~ni i  I.ly.ln.lgc., N 1 . S  (ILlS9). Lc,sscs cir~v lu Curyncsp<,r.r 
I<,,li i.,ll dist.asv and il. c r .~d ic ;~ l~on .  l J ~ ~ t ~ ~ ~ ~ ~ c ~ ~ i , ~ ~ , ~ ~  o j l < ~ O ~ l ~ t ~ r  /<<~.w>r~.lr 1~131 i t~1 t~~  01 hl~~lr i ! /s~, i  - 
R!!I,lvr Gro~t'~,rs COI~/;,~C.$I~, 1989, h~l,~I~cc,?, M'~l.>),si,l, p p  -1OI~410. 

M,,~I~LI, M.I., l ~ i i c~~ l , , ,  S.P., JacoL,, CCK, Vinod, K.K., I'K.III, E.l:., S u r y ~ k ~ ~ n ~ ~ j r ,  M .  a n d  
K~,lh,~nd.rr;~rn,~n, I<. (?001). I n c ~ ~ l r n c c a n d  x v u r i l y  <,I'C'~wynuspn~..? Ir.l i 1"~lI (CLF) di.;r,isc 
o i  ~LIL>L>CI- i n  c<~,~sI'?l K,IY!IJI'~~~? ,IIICI Nc>r lh M,~I.,L>,I~ r c g i ~ > n  o i  Kvr,lIa. 111ri!~lll lo,~r!hll <I/ 
Nv11,niI l < ~ ~ l ~ l ~ ~ ~ r  Rt,sc<~rc-l~. 14(2) : 137-14 I 

Nci\.>.lm, A. (1L)hl). P , ~ l l i ~ l o g i c ~ I  I l i \  isior,. ;llil),iii/ l < q ~ , r t  ofk'11b1ii.r Rt1soii~i.li i i ~ ~ f ~ t ~ i l i ~ ~ / ' M i i l i ~ ~ ~ s i i ~ .  
I96 I pl,. 03-70. 

Raj.llak.~hmi. V K  .lnd Koli~.~nd.~ram.?n, R. (1996). Current \~.itclb OI C t ~ r ) ' ~ ~ r p ~ r a  lclli i'rll i n  
lndi,?, The, <>ccurr<vlce , ~ n ~ l  ~n>~~n,?gvrnc~nI. I J r o ~ ~ ~ ~ ~ ~ ~ i ~ ~ t , y s ~ ! j W ~ ~ r k ~ l ~ ~ ~ ) ~  OJI C.~II;I/~~C~~?O~" L ~ ~ ~ . ~ j l ~ t t l l  
Disc.os,, io/I lc,vr.~ Rrl!iil<.r 16-17 U~cembel:  li196 h 4 ~ t l d n  Ind~nc.sin pp17-43. 

R.rm.~krisl~n~~n,T.S. .~nd Pillay P.N.R. ( I96 l ) .  Lcaispt'I u i  i - ~ ~ h h c r c . ~ i < s c d  by l-ory~wqxirn i i i~~ i i t . i , ln  
(Hcwk &Cur l )  l l i r i . ,  l < i ~ ! r l n ~  1Llrird L3~.ih.t1,1, S(I): 12-35 

RRIM (2000) M , ~ l , ~ y s i ~ ~ n  C s n ~ n t ~  y Rc,pt>rl. lRf</ll3 W~,rA~sl~o1~~111 L~t>,!,,ws{~ortr l ~ ~ ~ ~ / J ; ~ l l ~ ~ f r r ~ l ~ l ~ ~ ~ r ,  (>-I-! 
Kun1.1 Lumrir, lune2000, M,?l,lysi.i .?nil Indoncw,,. 

Sinolingg,>, W. Suw.~r lo  .lnd S~rt,pc,n.~, F t l .  (199h). Corrcnt 51,11~15 c l i  C,,rynvs~or;~ Ir.li I'.ill in 

I 
II?C~OIK,SI,I. ['rt~~,~,c~i!,,,ys ~ ~ / ' l 4 ' ~ 1 r k ~ l ~ ~ ~ ~ ~  o!! C.or~,,~~~sl,~~rti l h /  1~111 Pisc,vs<, (f! l t ~ < , v  1<1~l,I'cr 16-17 
Uccrnmhc,r, lLl!I5, Mt.ri,,n. Indcrnvsia p ~ .  2')-3i1. 


