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. 8. Datc of start 1976 ‘ ;F R @f:_“-} |
9. Datc of termination 1933 o , - },' ;o
(a) Objgctlves (Not mor o thnn 150 worﬂs)

The symptom pieturo nnd nnturc of thu dlsénse suggest& that
th discasc ig- of a complox nature.- ”he mnin ob*cct ot the prejoct -
is to elucldntc the rolc if any of bnetcrin in thc etiology of the
aisonsc. The 1nit1n1 phasc of the work will th orcforo consist of

" of oatnblishing tho the exclusive nsscciatlon of phytOpatpogen=c 1
bnctcria in . the‘root (wz‘t) affected pnlﬁs. 'Samples will be &rawn
from outslac tho Inetitutc fnrm to. ovoid tie influence of scil
trcatments and-consequent 1nequilir1um in microfaunn/mlcroflorn.
The assoexatcd baatcrial igolates will be scroencd for their

ability to. produco toxie princ plcs. Pathogenicity triols will
| be conductoa on coconut scedlxngs in fiold tubs.- Gontrol trialsﬂ

.‘with nntibidtics both in vitro and in. thc fiold will nlSo bc
' 1nttinted, Wh:,xx:_mg-qﬂwﬁna:- o o jw;;- e

eb.u;@$;* L

(b) Prnoticnl Utility including bnckground 1nrormanion (Hot
morc—thnn 150_nbrﬁs) 2 :

_ Roﬁt Iwilt};_ scasc cxtends qt presnnt'to an area: af 0.25
jmillion aeetares R ' ductic

cnntrol mcasuree for ﬁhqokiﬁ
discaae. '

TR Tcohniéalairdgfbfilf
R '., Associaticn of acta
discasc arfectcd fegiv_ '  3trbsh oecurrence of thc
disoaae in. the transitionnl rogiens will be lookcd into. Surfnce
storiliscd root bi;fxﬁ,’fgggpoua extraets of tho stolnr rogion
] of troahly colleeted rabtafwill be culturod in a ronge’ of media
including cnriched ones.'i_gl
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2.  Pure culturessbowing potential ek aractorlstzcs of
pothogenicity will be cultivated ané the ahjl1ty 04 the culturg
filtrate and bacterial oxtracts will be assayed for the presence
of any +0x1c principles, ‘

3. Pathogcn1c1ty trlals will be carried out by aamlnlstcr1ng
rmass cultures of tac Bbacteria and concentrntes of toxic principles
te pottod secdlings.

4.'- o Pho associated bﬁcterin will ‘be screened in vitro agﬂinst
c%cmlcnls follomcd by Iargc lcnlc field trinls. '

“12. Fxnal rcport on thc projoet.

1onoortng attcnpt in a bacteriological anblo by )
"."Srwést.,_: va g_‘_ al., (1969) on the root (wi 1t) discasc of coconut
Vﬁ;rqvcnled ﬁhe vasecular strenmlnb movement of bnctcr1n typienl of

. @ root pnthogcn. - They have tentatively 1dcntiflcd thig bacterium

"nt Pscudomonas SPe. A probable involvement of a toxin with this

‘ discasc was brought out by the dcvclonmcnt of cpinasty and comnlcto
;bending:?of tomato.scpdllngs placed in the root sap collecected from
the discnsed pnlm'in contrast '~ those plnced in henlthy roct sap

- and distilled. wator (RHWBGRSHM, 1967). . Prompted by these
obsorvations, tie isolations made fron stelar portions of roots'
for ncarly throe yeors %nvc revealed” t‘e consistont nssociatlén

of Enterobacter - cloncnc with root (wilt) disensc. Thongh this

‘ bactcrlum hod not becn considered a convent1ona1 phytopathogen,
since then speeies of Sntorobacter nave been implicated in plant
Giscascs- (Rohrbach and Pflffer, 1976; iopkins and Elmstorm, 1977).
3fforts to screen the bacterium for,potontial phytopathogcnlo -
propertics by scparation of toxin from cell-free culture fi;trhte,
'characteriSatibn and antigenic nhture of crudq toxin;.PuriinQtion
and, determination of molecular. weight of toxin, Antibictic éssay
agaxnst the bacterium, Ficld tricls wit“ oxytctracyellnc, and
&etnlls of pathogcniclty experimcnt aroe renortcd hereundcr

...;000;4-



2. Materinls and Methods
2.1 ggl;cction of sagplcs:

" Studies rolnting te 0 aSsocintion of bnctofia in the
| root‘(w;lt) discase of coconut were conducted, mainly dopending
on thé ,xoot samples collectod from a discasc-prevalent arca of
Knyangnlam and a ﬁiseaso-freo trnot of Kasaragod situated 500 km
npart in the. stnto of Xerala. Coconut palms in the discnsc-
' prevalent aroa were categorised into apparently. bcalthy and discase
'“nffoctod ‘poalms on the basis of fcliar symptoms (Goorgo and. Rndhn,
1973). Samples of roots.were collected from 75 palms of different
discnse intensities md- 107 palme cultivated in the discaso-free o
region. Subsequently samplcs of roots rcprcsonting prcmonsoon
and postmonsoon smples were olso collected from palms ocultivated
in tho arcas bordering tie contiguous strlp of root (wilt)
discasc affected traot twice a year during May-Junc and Octobor-
_Novombor., Thrce polms were solectod Iram onch plot Compr1sing :
appnrontly healthy. diseaso—horly nnd disease-advancod cntcgorics.‘
There were fouf plots rﬁndom distributod in ané around
Irinjalakuﬁn rcprcsenting tho northcrn bordcr.r ‘These plots were
~ located at Canal basin, thlur, Pullur and Ala near Cranganoor. |
Two such plots soloctcd in the’ southorn boroor were 1ocatod at
Edagramnm nnd Ottnseknramnngalnm. Similarly sampios wcro also
collected boforg the onsct- of rains and after the: rains during
| May-Juno: and Ootobor-ﬂovombcr rospcctlvcly, from two milaly 7
infcocted gardens in Mynagnppnlly and Sbortnllai in tho diseaso"
tract., Samples fron plots at Thnzhava, Soornnadu, Soornnadu ‘Horth
‘and arakadnvu rcprcscntcd Mynngnppally aronrand eolleotions from
plots at Kavumkal, Kalnvoor Shertnllai town and Poxumparn
oomprisod of samplos from Shortallni nron (Fig 2)

2.2 Mcthod of sampli ng_of coconut roots

_ Gooonut roots were v ~cod to thc growing tip by oponing
1/8 soctor of the basc of pnlm to @ distnnec of 1+ m and to o
:dcpth of 0, 5 m.  Apparecntly healthy roots, “frec oI ony external

...-...5.
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3 1n3ury were scvcred and transfbrrcﬂ to’ polythenc bwgs ﬂnﬂ etorc@
in an 1c0 box for tran portntlon to. thc Laboratory._eﬁ_ﬂ:fau

N
'a‘ﬂ 5

2.3 ,B‘nc-te'r-xal -'i-solati‘on--- S e

ﬁootb werc thoroughly Washcd in n tap water nnd cxcess
- moisturc adherlng to the roots was . rcmaved by - pressing 1n nbsorbnnt'
:'cotton. Ind1v1dun1 root was: surfncc-stcrlllsod by flan1ng after
Aiamersion in nlcphol.‘fﬁbutin'.precautions wore obscrved for ‘the
' mnintcnanco of aseptic: condztlon.- Root lcngthfuanf;ned to 7—15
..om portibn frum the-growing*tipﬁkﬁbs dissoptod out 1n - sterile
k g # ; % Eaggsayqxg éaogpcd off. Half

o T oA

ps cultﬁnﬂlwqmarnctcrs;feell morphelogy cnd stéining traits,;f"
4;snox£dasn tcst,haeid preduotiop f;em}glucosc,,:

~ were °1a5ﬂlii°d up to genoric levcl‘hy a,proccss of olimination L
f ﬂt each Step,‘aec(;rding te tk \ Ley,ﬂ 01- Brad‘bury (19'7(5) SRS

'!

l’

2 5 Strnﬁardisatieh of incubation poriod

L : I
.

Tripllcnte sots of 25 ml nutrient broth in 100 ml conicnl
n nsks

‘ﬂbcplnﬁqd:with unifoxquuantity of cOCOnut Enterobactcr

LA
o




-6 - o A 2
fAt 24 ‘b interval, onc sct of flasks mas withdrawn for assay over

'-;a porlod of 25 days. Tho broth was coentrifugod to remeve baeterial
'oolls. Coll—froe oulturo flltrate from cach flnsk was trontcd with

,";Ilvc times its volume of cthyl alcohol. The precipitate was
"‘scdimonted overnight and dried in m incubator ot 45°C, The

' nvorago weight of dried proclpitnto on cach dny wos plottod againset
i'thc por1od et incubntion. ' '

,3.6- Growth=of Entorbncter in cooonut root<cxtract'broth '

Twcnty five 250 nml corn -11 flnsk,. nch contalnlng 50 ml

. 'of coconut roct oxtract broth mere inoculoated with one ml of

20 h bacterial broth culture diluted to 4: 1000 with . sterile _
-'coconut root cxtract broth. The 1nocu1ated flasks were shokon
fon ‘a rotary shakor. Two flasks were removed on cach day for
cnumeration tiil the fifth day and thon onwnrds on altornatc days.
;ATho dilutlons were plntod on coconut root extrnct ngar nnd counts
wore tnken on’ fourth day of 1ncubation.

2. 7 Influcncc of coconut root extrnct on production of
polysaccharidc by Entcrobaotor ' _ .

_ Triplicnte scts of 25 nl nutrient broth contnining

'difforcnt concontratxons of coconut root cxtract in 100, ml

conzcnl flasks were. 1noou1ntod with, unifoxrm qunntity oI.coconut

'\Entcrobnctor. On incubating » 13 dnys, the broth wns contr1fugod
to romove bactorial colls., Tho culturc Iluid wns treatod with '

" five times its volume of cthyl nlcohol. Thc prccipitate was

scdimented ovornight dried in nn incubator at 4500 and woighcd.

2.8 Nutritionnl.fnctors 1nf1ucnoin
polysaoohnri ¢ by

,thb' roduction'ofo";
terobactor A -

ry serics of exporimonts 1nvolving G. 2% broth of 10 sugars

" in basal salt solution, in 1% beef extract, in 50% coconut root

extraot and in 50%- coconut root oxtract with 1%rbecf extrnct woro
conductod Sugors tested wcro the monosacoharidos, D-gIHOOSO,

| 'D-gﬂlnctosc D-arabinose, dulcltol D-ribesc and D—xyloso, the

| disccharidos, lnctoso, trohnlosc and suoroso, nnd the trisacohnride,
afflnoso.=

.l...7.
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2.9 Production of polysnocharide bg stondard strains of

- Zntcrobacter cloagagc

culturc coliectibns-wcrc"grOf
ang Cuu broth’ fcr 13 days.

bactbrinl cclls.,

Paenty four- straing of wﬁterobactcf‘éloﬁoho

L ‘

frbﬁ'six

‘n- triplicoate sets of" nutricnt broth
The brot% wag ccntri*wged to. . remove '

Cell-free culture filtrate from cﬁch flagk was
+ treated Wlth five: tlmcs its volumc of: cthyl alcohol
- was scd1 wentod overnlgﬁt and dricd in an incubator nt 45°C

© The prccipitat
Tac

ago weight of dricd preelpztnto elieitcd fron ench strnin qAS

"wcﬁlculntcd and compnred witn that of coconut “ntcrobnctcr.
. a009351on numbers and the collcct1on ccntrcs of tcstcd strnlns

I""!

1'10

'of unterobacter cloncne nre tbe following°'

I Eobert Koeh Institutc, ﬁ%q%&n, Gcrmnny

o 1. Nr..;' 978/70 oz wur. 921/7& .
3. Nr.  1082/70 f.‘4. Hr, - 1100/70 .
5. Nrg: 1542/70 6. Nrf 90/71:m
-iIS”Unfvﬁféitywedllé@é; ablin, irclnnd ‘f*’f¥7;'
S 'TMD<116 (chc = 23355) b'W%f*”?'“”’”
.'ii?;_M;nistry o£ chlth Gntarxo, dﬁnqdbt'w |
.3401 O -3‘ g D
';73. Se. 811 _
3 Sc. 312 |
IV, Pnsteur Institute,:P5rié;,Francé¢5'
| 2. soes s
8681 ¢
_-V.‘Hntional Collcctzon of Typcculturcs, London, U}K.
1. kere ; 40005 - - 2, NCTC .~ - 5920
8. NGTC eoza ‘4. NCTC: =~ - .B348
B NEDC 9394 6. chcw mﬁv‘;“9529f_
T HCTC COT1L L B NGTC 9844 -
" VI. U, s. DoPnrtmcnt of Agriculturc, U.s A, S
4. NRRL-B-1@6~ L ' )
2. NRRL-B-169 - | S
o 3-

HRRL-B180

CeveldB
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¢P_2ain Prggnrntien of toxin maxhrbal

_ Thc crude toxin was extrnctcﬂ from 13—day—old culturc of
-:coconut Enterobnctcr growp in n broth contninlng 15 g glucoec,

‘5 g calcium corbonate. and 1C g yenst extraot. eznlysatq/lltre
(Sponcer and Gorin, 1961) _ 1he culture fluid was ccntrifuged at
20,000 g for 30 min nnd tho ptrtlet was dlsonrﬁed. - The supornatmt
liquid was conccntratcd to approxiﬂately anc-fifth its original _
volumc by frcczc—drying. Te ‘proparation was, troated mith five to
six volumes of 95% otianol ‘and’ allowed to precipitate ovcrnibht
”hc-supcrnatnnt was decantcd nnd the prccipitato was dried over

'\.onloium chloride in a vacuum ﬂcaiontor. Thg dricd mnterinl was

' 'dispcnaed in distillcd Wnter to form’ approxlmatoly 2$ susponsion

and ccntrifugcd to ﬂiscarﬂ tho scdimont._ Thegclcnr=supornatnnt
_ iwas passed. tbrough a 20 om x T_ﬁ on cnlumnuo ADnlc 45¢ff200-400
. mesh B} torm) and o 20 em g ;ﬁi@"‘ . % 3¢

~ .root cnnnnting from tho bOlQr@I the coccnut wns cu
_“about a motrc from the boln.: Thc d;stnl"

| subsoqucnt days root snp collectcd in thc glass tub;" iy
" from tho rubber tibe using a syringe: . The root snpsgﬂqj‘”“

] gwith five to six volumos et 95% othmol nnd nllowcd to procipitate.

'Aqneous ablntion of this precipitntc nlgo was pnsseﬁfthrough

“ f.Dowqx columns nnd tho cfflucnt was frceze driod to yield the

) tl k .I .,.‘ .9
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2.1? Toxzn cffeot on plont cuttlngg

Biclogical assay wns carried out using 2,000 prm aqu00“s

"sqution of the ecrude t021n. Yomato plonts having four or five

leaves were cut at the base c. sae -stem (above root zome) md
placed in tkroc_al of aqucous solution of the crude toxin in five ml-
test tubes for a period ©0£.30 h, Phree replications were maintained
with control plmts kept in distilled water., ”hcﬁbiologicnl

. activity of the crudo toxin was assesscd. by the time reguired for

ll,tho tomato cuttlng to bcgmn w11t1ng at the mnrgin of tho primary
leaf (Strobcl, 1957) ‘

- 2,13 Rovivnl or the w11tcd plants

. Ten tomnto cuttangs were similarly trentod with the crude

" toxin at 2,000 ppm concentration. After four h, five of tho
troated cuttings were tronsfeorred to distilled wntor. Aftoer-24 h .
the remaining. fivc .euttings werc also shiftod to distillod water and
observed for the revival of the wiltod plnnts. _f R .

2,1{ uffcct of tox1n‘on gorw-oation of sccds

To study the offect of the crudo toxin an germinntion, _
scods of sovon different plant spceics. v1z._Grota1ariﬂ strintn.
- DC., Grotalaria juncca. Linn,, Nicotigna tnbacum Linn.,

Cypnmopsis tetra gonoloba, Taub, , Lgcogorsicum csculentunm, Millor.
- Amarantus caudatus, Linn., and Clcome viscosa, Linn. were

thoroughly washed in tap watcer followed by stor110 water. Fifty
'sccds of ‘cach spocies were: sonkcd An 1% agucous solution of the
~erude toxin ovcrnight. Sceds soakcd in, distillod wotor scrvcd ns
the control. These sonkod scods wore placed on stcrllo moist -
filter paper in pctriolntos and incubatod for thrcc to six dnys
at room tompcrnturo (30-3500) Tho rntc of germinntion was .
3ohscrvcd ' ' ’

2.;5 Sorologicnl'otudico wit.: ;oconutoﬂntorobnotor toxin
Pronarat1on of antiscrum e _

Antiserun to Entcrobncter crudc toxin was preparod '
according to Tamilton and Ball (1966) and Rai and Strobel (1969 b).
ﬁormnl sora were collcctod from rabbits that wero soloctcd for
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immunisation. Ton mg crude tox1n was dissolved in two nl of
phosphatc buffer saline. (pH 7.0).0 This was omulsifiod with on

- cqual volune of rrcuna s complete ndjuvant.' Two nl ot emulgi fied
tox1n was 1nJectod into tho thiga muscles of’ thc anlmnl. The same
proecdurc w0S followed to in;cct the nnlmnls sevcn days Iatcr..'
A couplc of wccks nfter thc lnst 1nject10n thc rabbits were bled
'by a small cut in thc marginnl vcin of the” ear. Aftor clotting of
the blood txe sorum wns collectod anﬁ ccntr1fugcd ot 3,000 rpm
for 20 mxn anﬁ storcd 1n five nl v1als at -10 c wPor furthcr tests.

Prccipitin toat-

we drop of. antiscrum and. a, drop oI 1% toxin solutlon were
transferred to a clcan micro“;-pn slidcmand mixcﬁ ap.‘ Tho slide-
was-obscrvcd for olump formgnlnn. ' ' '

Titre detoxmiqg%ion .

| The tﬁro values of thc antisorum nnﬁ 5h¥igon:§efc*ﬁoterm;ncd
.'by Prepnring a. two-fold d11ution scrios cf“bbth“rcagbﬂts nnd“fg*
arefully brlnging tham 1nto ccntnct 1n a capillary tube. Thescl
J'onpillary tubes wcre dipped in- pnraffin eil to have a columh’ of
one cm parafflntoil nt the bottam, 1n turn fixed and artonged on
a plastoclnc bnsc. The dilutions of. ihe antlsorum woré made - in
10% glyccrol and tho diluttnns ot the. antigorun were ‘propared”

in physiological snlino.' Fbrnat1on of prccipitationlﬁnnds at fhc

Proparatlon of the plant cxt;*s gwgqutmmunodiffusion

I Coqonut leaflcts showing glear symptomafor”flaccldity
from the middle whorls of crewn; ;egkief;afrom ‘thic ‘spindlc nnd
.stoiar port1ons of roota 15 cm away fron tho growing tip wero '
collected from dxscnsc affcetcd pnlms. F1ve grnms of thcse

" material were ground in fivc ml phasphnte buffcr salinc (pH 7 0)

"',1n n pcstlc and . mortar and fxltcred through absorbant cotton.

Thc prcparntions were' ccntrifugcd at 3 , 000 rpm for 10 min and
the cloar supcrnatants werc used for tbc tcst. Corresponding
:ﬂ-plnnt extrﬂcts from hcnlthy palms scrvcd ns controls..’

i - ‘.. .e 1K1.-

»
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 Imaunodiffusion tosts

Immunoalffu31on was &.. icd with Entercbacter toﬁin
ﬂntiserum according. to Ouchterlony (1958}, Homilton (1961, 1864)
“and, Homilton and 3Ball (:966). Plain agar was propared with Bacto.
'_'purifled agar at a concentration of 0.75% in phosgphate. buffcr
saline solution (pH 7.0) and mixed with O: 2% sodium azidc as .
f.prcaerVGtivc. The agar wos pourcd on microscope. slides to form

'a thi laycr and wells. were cut using. five mm tomplnte. Antigerunm
gns added to ecntral woll.r Crude toxin, oxtract from leaf, .
- oxtract from stclnr portions of root and root sap Werc_addcd to o
the pcriphcral wclls._ Hormal serum, normnl plant cxtracts and
phosnhatc buffcr saline (pd 7.0) wore used as controls. .

Screcning of polysnechnrlac from standard culturcs of Entcrobactcr
;cloacae.

'-’J' )

. Polysaccharldes extre @ from 24 - standard cuiturcs of
" Enterobacter clcncne (500 mg oach) wore dlspcnscd in distillcd nater

to form npprox1mntely 2% suspen'sion ong centr1fugcd tor dtscaru tae
sediment. . Tho clear supernntnnt was passcd through a 20 em X 2.5 cm
colum of Dowex~50 (200-400 mesh, " form) and a 20 cm x 2.5 cm

‘co Lumn of Dowex-1 (200-400 mosh, formate form) to remove chargcd
t'compounﬂs. The effluent was collcctod ond dricé in 0 stroam of

- air. Thls'prcparation wvag. dissolvod in pt osphnto buffor sa11nc

- (pH 7. 0) to form a - 1% solution and tried against coconut

-

| :ﬁntorohactcr toxin antlscrum by 1mmunod1ffusion.

2.16 'Furifidatién-df Cbcohut,Enterobnctcr fdxin 

Column chromntogrqggz _
 The crude toxin was furtber purified by pass1ng through a
column of Sephadcx G-200. T ty. five mg of the crude. toxin was

dissolved into two ml distilied water and 1ntroduccd dropwisc on’

“.. to the top of an 18%1 em coLumn of Scphndcx G—ZOO._ The efflucnts

were collected in three ml fractlons. The pérccntngc of _
transmittance of these fractions . were read using a Spcctronicého-
‘calorimeter at 540 ma | o ' | '

* V . | . A- ) ’ : ) -_ : .- | ‘ ) -.o¢012l
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2.17 iMolceular weight detormination

| 1he molcoular weight wns determined by column chromategrapf
'u51ng ucphadex G-200 w1th tr : aid of the foilowing formuln
{eranath, 1965). o :

R = "320-'05810g1am
Whore Vo v = LThc volime at which the uﬂ plc is
‘ ' cluted from tht columm ~ the void
volume of the column (The voidé volume
was 10.5 nl as aetorminca using bluc
. dex;ran) , .
vt ' w  Total bed volume- of the column which
o " -‘was 32 ml N .
-_;Mﬂ ,,._' - ',:' “‘Mbleeular‘wcight-

Assumlng thnt the clution volumo as 'I' ml, tho molecular welght-
of tho toxin hnd bcen dcrlvcd as-

N 32 S _
3,20 ,8.:";’%‘-’5- = 0,58 log M =
S ' 3,20 .. % _Z%-10.5 = MW
Antilqg of —*5ﬁ§;*‘_-f' B2 x 0.58 } -~

_z 18 COmparlson of toxicity

‘The coconut Entorobactcr crudo toxin, its hlghly purlfiod

frnction and the. toxin separated from sap of discasc affcctod nalms
were: nssaycd at three conccntrntlons viz} 100 ppm, 1,000 ppm,
2,000 ppm in aqucous solutlon, for their ability to catisc ailting -

-, tomato cutulngs. Tomato ‘plants having four or five leaves were

cut at coilar region and plaecd in tkree ml of the respeetivc
’:tox1n preparation in fivc nl test tubos for a pcrlod of 20 to 56 h.
Three rcp11cat1ons were malntqlncd in cach cnse with control
plmts kept in Gistilled wat . The tlmc taken to causo wilt
‘symptoms worc_“ccordcﬁ in cach cnsec.

.i..13
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 2.19 Acid hy€rolysig

,‘_The'procodﬂro‘of Strébcl (1987). w 18 Iollowod for neld e
'hydrolysis of the crude toxin. Thlrty mg of the crude toxin was
acid hydrolyscd by refluxing in 10 ml ef i1 NH So for five to’

- 31x h. %The hydrolysatc was cooled to roow tempcrnture md
ncutrallscd with oxecss of Er 3o3 till thc offorvesocnce. .. ceased.
" The supcrnatant ®mas cantvlfuged at 3,000 rpm and the cloqr R

| ncutrnliscd hydrolysate was usecd for fractionntlon. ‘

- 2.20 'chromntbginpng

The ncutralised hydrolysate was passcd through Doﬁcxfi.

- (200-400 mesh, formate form) 1C x 2 em column and’ Dowex-50 '
(500-400 mesh’ H* form) 10 x 2 em eolumn, to get neutral fraction.
The nnionic and ontionlc fractlons wero collectcd by nddlng 6 N.

formic ncid" nnd 8N hydrochlor1c acid to Domex~1 and Dowox=50

- respcetivoly followod by elutxon with about <10 wml. distillad ‘wator.

Different: f:actionﬁ were. ﬁrlcd using a siroam ef nir and kopt
in na vncuum desiccntar overnight nnd weighod.; :

4 '. L. -

2.21 Amino nc1d anﬁly31s by *hin ln'or:chronnto_ra;f

clcnned anﬁ aricd TLG plates were: coatad with” 0.25 v )
thiock layor of silics gol=@. 'Tho sl1iéa gbl plates after air -
drying wore actlvntod by storago at 105~c for two h. Thc eatlonic
fraction was spottcd on-silica g¢l. along with standards. Tho
.compoundsrwcre scpnrqtcd,qsing_tnc_rollowing golvent: systems,.q

*»

‘1. . Butamol 1 Acctic acid ‘Water (35121 v/v)
2. Mothanol & Pyridine ¢ Water (80:40:20 v/v)
‘8. n. Butmol 3 heetio aoid .+ Water (42 3:5 v/v)

Oompnrntivoly bottcr rcsolutiens were obtnined with-n,: Butnnol
heotic: ngid '+ Wator (12132 5 ?/V), system.l “Tho' spots wcrc GGVcloped
by sprnying 0.3% ninhydrin in cthnnel {4a1 and btrobel, 1969)

",.
-
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""_8,-33 §gggnr nnalysis 'by Fapcr e"lro mtog;rap

*

‘ The neuntrel fracticn of the. cruce texin wos spotted on
Thatman No.i filter paper alc™ '-w*th stanéards.. The chromnbogrﬂms
A'wcre dcvoloyed by using thc AT ow1ng solvent systens.

1, n.‘Butanal s Acctié acid
2. 8thyl aectato Pyrldinp
3. iSOpropanql l;:=-¢PyridinG“

Water (41115 V/V)
. Wator (8i23% VW/V)
Water (1:732 WY}

T

-
I"

Iaﬂpropanol 3 Pyriﬂinn’t Water (7:732 V/V)‘sﬁownd‘béfter'rcSo‘dtidn-
of componcnt sugar and the sugar WﬂS‘éctocted by nnssing the . driod
devoloped chromatogram ropidly ﬁhrough a roagent solution prepsred
by diluting O.1 mi- ‘snburated aqueaus silver nltrntn salution to 20m1
with acctono and adﬂing WWTT? ﬁr&pwi§e, with shak1ng wntil thc_ ‘
aiIVer nitrnta wh&eh sopmraiaﬁ en a&ﬁitian ﬂf aantane has,ﬂissolvcd._
‘‘‘‘ ryod withwa ﬁ;S &3 ealutioh of sédium
hydroxido 1n athanoi, Excess brown\silvcr axida wans dxssalvad
by 1mmcrsing tha ahromatograr-¢ rip far a fow. m1nutes in 6 N
_ommonium hydroxidc.- Then_thc',apcr wae: washed for-enc h. in running
. water and ‘dried. 1n ﬁn,avén (Trnvelyun<£§_£g4, 1950). Blaok or dark
" brown spots were compared with stendard sugars devcloped on @he
paper. o

»

2.23 Sugaf nci&'anaiysié

Tho ,anionic fraction oi the erudo toxin was also spotted -
with standards on Whatman No.1 filter papers The chromatograma
wore devoloped w1th th tie rollowing ﬂystemai ‘ ‘

1. n. Butanol 1 Acctio Aotd &  Wator (41135 V/¥) o
2. #thyl ncetate ¢ Pyridine . ¢  Water (s 3:1 V/v) '
3. Isopropnnol - 3 Pyridiﬂe ) [x Watcr z Aﬁetic acid (8:8:4 1 V/

’ comparntirety bettur rosqluxlons wore obtnined with Isap&npnnol 3
?yrim 3 ‘%‘Iatgr 3 Adetic ¢:.4d (&:3«4;1 m, sya-tem, Hore nled
the oompounds were’ dctectcd oR chromstogy'nms by follow1ng the

- prooedure given by,Trcchynn‘gg ol., {1950) as deseribed earlicer.:

.-.C\is ‘
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2.24 Competltlvo sopronhytlc abllltx oi Enterobacter cloncae

Thc'smrvivnl and wutunl coexistence of Entcrobhctcr

~eloacag w1th the two fungi Cyl*nﬁrocqrnon effusum and wusnrzum
f“ogulset in mctbyi bromide f"“ipatcd soil wee studied by

iclncorporntlng-the, bacterium ¢ sne nnd.1n_ﬁ1£19ront cecmbination -
“'with the fungi in 500 g fumigatcd soil contained in pots, Thore
.mere five troatmonﬁSMWith-threo roplicﬁti@ns. Fifty ml of _

. of bacterial suspensicn at-10§ oclla/ml concentrotion mnd 50 ml of
“ench fungal spore suspension at 10° sporcq/ml concentration wero
faddcd'to rcspectivo-gpps;f ‘The treatments were as follows. '

< | _Ti; ) o o .Control
T, ‘ = -=_'Vﬁntcrobacter cloacac
Ty -~ =~ .Entcrobacter clogscac + Fusarlum‘_guise
T, - . Entcrobacter cloacao +Cylindroearpon
T ' L o . cffusum _
:  T5ﬁ;'~f’?‘ =7 "“" BEntercobacter cloacac + Fusariim '

L equiseti % Gyllndrocnrpon cffusum

MR

o Twcnty € soil samplo ere cclloctcd first nttcr 12 h of
“Vincubatlon and subsceuently on 15tk day, 30th day, Goth day md.
7 *90th day nnd onuﬂoratoa for bnctcria and - fungi on coconut root

_ cxtract agar with actidlolc 86 ng/l and. iosc bcngal agar

.

‘rospeet1vcly. Fifty ‘ml sterile water was ndded to cach pot at’
15 days interval to mnintnln soil moisturc.(: B ‘

)
-

2.25j‘Prcparation of bactcrial inoedlum
Thc coconut Enterobnctor uloacnc was ‘Mass. cuiturcd in
.coconut root cxtract broth contnlncd in 10 1 glass jars. The

~ broth Hag ncrntbd continuously with ster110_n1r flowing out of an

improvised bacterinl fllter attnchcd to. a fish tank nerntor. "Tho
culture was 1ncubatcd for five ‘days to attaln thc requirod ccll
conocntrntion, before inoculating to field tanks = R

-*
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_'2 26 Gontrol lfials |

Antlbiotle nssaj agalnst 0000nut “ntcrobactcr

, Antiblotlc discs of 6.5 mm oinmctcr (Bharath Lnboratorics,
Bombhy) wore used for the . 1nit1al scrocning.' The scn51tiv1ty gises
were placcd nscptlcnlly on natrient ﬂgar rlates sceded with
: Enterobacter cloacae. Observations were rccorded after 18 h by
mcasurlng the dlnmctcr of thoe zone of inhibiticn. Those excendlvg
-,12—15 mm were con31dcrcd positive. rromlslng chcemicals after

the initlnl screening were sclected for further assay by “the tube
-dilutlon technigue (nangaswnmllnnd Soumini Rn;agopﬂlnn, 1973)

A series of test tubes, cach w1th 5 ml of nutrient broth and

| -econtaining respcctlvcly 0.2,0.4, 0.6, 0.8 and 1/ug/m1 of

:;oxytctracyclzno and 1 2 3 4 8, 6 and 7/ug/m1 of streptomyeln was
fprepnrcd.; To cach tubc ‘was- addcd C.5 ml of a 20 h bacterial broth;

f'cuiﬁﬁ;é dilutcd to 1-1000 wi- utcrilo nutr1cnt broth. ”he

scrics of: test tubes wns incunated for 18- h at room tcmpcrnturc

(30—3506) under static’ condltlon. lhc growth of the bactcrium

'in cach tubc was dotcrmlned using a Spcctronlc-ao colorimcter at

600 o . The minimum inhlhltory concentration of the nntibiotlc

_ for Entcrobnctcr cioacac wae récerded taking .the louast concontrn-

tion, of thc nntlblotic th nt;provcnts5thc,growth of tho hnotgrium.

.gpplichtion'of Terramyc1n tree fermulntion

Twcnty coconut palms exhibiting the prlmnry symptoms

. of root {wilt) discase of the age group of 10-20 yis were selected
. and tho 1nten51ty of discase wns indcxcd. -The - tcrrnmye1n tree
tormulnt1on contnlning three actlve 1ngredionts of oxytetraeycllne
4n. onc/b; éistilled water was 1nJcetod under prQSSch to ench of
the ten. cxperlmcntnl palas @ time in 1977 (Jnnuary, March,

June and ‘Scptember) followed by a subscguent dose in May, 1979. g
. The rennlnlng palms were loft untrcated ‘which scrvcd as eontrols.
;Tho discnse condition of the treated and untreaucd palms were
.1ndcxed during the ycears 1977 i981.

. ....'.17
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3. ZXPIRIMENTAL FBSULTS -

3.1 The association of bactcria -

o ' The four gfdups‘of-paims'nnﬁélj dischse_enrly, discase
fﬁévﬁnccﬂ; abﬁﬂrbnfly koalthy vnd-healthy, from which rodt samples
thvo been-collected for bactcrlal isolﬂtlons aro presentcd in
Table-3 on. the basis of assoclntlon of bactorlq. ‘Root samples
 from ﬂlscase ndvanced palms showcd hlghest 1ncldcncc of bacteria,
wherecas root samples from healthy trees presented least incidence.

-73a2 Charactcrisafion of bactcrihl igotates

N The 1s01at10n 0% bacteria was contlnued for o period of-
three ycnrs, Tfrom the various - tegorics of pplms already dealt
fw1tb ‘under naterlnls and methois. The purified dultﬁres were
sub;cctcd to the cultural mornhologlcnl and physiologlcal ‘tests
-required for clossificotion cmwploying the key of Bradbury.z Such
~a proccss of - 011m1nqt1on hns rcsultcd in. obta1n1ng 82 gram negativc
L‘bactcrial lsolﬂtcs, whi¢h fell in to four groups such as mntcrobactcx

1-Azotomonas/Aoromonas, Erwinia and- Pscutomonang. - The detailed -

characteristics of- theso: isolntes arc furnished  jin Table- 4 and
Fig.3. Of the 82 gram ncgntlvc 1isolatcs 54 were clnsslflcd as
" Enterobactor sp. 21 ‘fell under égotomanag/ﬁeromongg_group,.fivc

wcrc.Erwipin_sp} nnﬁ two Pgcudomonas Sp, The percentage of incidenec

of cach group of bacterium is shown in #Fig.5. .
3.3 Distribution in discos¢-frog snd discasc—affccted tract

'.Isolhtions-wcro.méde “--m represcniative roots of 117 phlms

~in the Gisensé affgctcd trncf and 107 polms from the discasc free
tract. Out of the 69 gram negative isolates from discase affected
tract, 52 were. classificd as Entorobacter sp., 11 as lggtONQqug’
Acromonas group, f1vc ‘as Erwinia and onc as. Pscudomonas._ In the
diseasc frec tract out of the 13 1solntcs 10 bclongod to Azotomonag/
Acromonns group, two belong to_Enyerobactcr nnd onc to Fsoudowona§.

T




r#Ql charrencé of'Entorobaetér

. The propondcrnnoo of ZInterobacter was cvident as it
f.ﬂmnﬂntcd to 65.85% of the to:. . gram negative bagterial isolates.
*’Ixs'association with root (w11t) Giseas¢ was revealed as 96% of

N untcrohnctcr iscletes were derived from tho Eiscase tract.
Gompctctlve occurronce of dntercbacter in roots of palms of

dirfercnt stages of root (wilt) discase is ctpresscd in Tnble-s.,ﬁ

| 3. 5 Conflrmation of 1dertity of coconut bnterobnctcr

. Six reprcscntatlve strains of cooonut Entcrabacter were

sent to Gommonwcalth Mycologicnl Instltute, ch Surrey, Englnnd for

identification. These 1salntcs Wwexre elassified ns Entcrobactcr

- cloacag (Jorﬁan) Hornacche nnﬁ EGWards and the stralns were
'_aeccssioncd in to the Internationﬁl collecetion of phytopathogenic
nctcria, Davis, Californin, ns ICBP 3661, ICEP 3663 ICBP 3563,

~ ICBP 3664, IDBP 3665, ICBP 3666 strains and commnnwcalth

Mycolog;qal Institutc as B.6> B_6250,_B.6353,ra.6254, B.6255
and B.6256 strains respeetively. |

3.6 Strainal voriation of poconut Entcrobacter

The colbnies'of fhe'bactcrium were dff whitc in nutriont
.agar and light yellow in ycast oxtract (1%) glucose (2%) calcium
carbonafc (2%) agar. Thc 1so1atcs were gram negative and motile

and utlliscd glucosc fermomntatively. Other cultural charaeteristiqz

were a ncgntivc resgponsc. to methyl red urcase nnd 1ndelc tcsts
nnd pesitive onc to vogues prnskauer, produetion of hydrogcn
sulphlde and nitrate reductase tents. Among the bLochemical

‘-lcharactcristics thc bacterium ‘aid not attacis . starcb, polygalnc--

turonic acid or peotin, but hgdrelysod gelatinq Arabinose,
sucroso, mhﬂnitol and salicin'wcrc utiliso&'with the production
of deid and gas.-‘Argiﬁlnc wa- carboxylatcd but = ~amino
valcrnmlde was not produccd fruw lysine. waevcr, varintions .
among the.strainsg were noticcd in the case of o fow morphologlcnli
and biochomical characteristies viz., cell morphology and

.-..;.19
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cncapsulation, ornithine deearbox vlnscfﬁctivity°ﬁnﬂ formentation

- of rhamnosc, lactose, glycersl and duleitol, These differcices
~of traite arc prescented in Tadble-T.

3,7 Froduction of ﬁolysacqharide in'gulture fiitfgtc“:

: The rate of proGuetion ¢f polysaccharide. in nuirient
- broth by cbccnut‘ﬁ?tcrobﬂcter is'indi;ateﬁ'in Fig.6 which- showed
a gradual incren sc up to 17th day of 1neuhnt10n. The trend was

static subs cguently. . The ﬁax1ﬂn1 nroductaon wns 4-5 g of alcochol
_nree1p1tnnlc nolysaccharlee oy lltre of broth {13 ﬂays after
,1ncuaat10n) angd the eoxtent c. ecrcnso was ;n thc order of 1-2- g/l
_(1‘2 1T days aItnr ineubation). '

- .3.8 Enumcration of-Entcrggpctér

The colony counts takon by pour plate mothod'shﬁwéﬁ,ghht .
thé bacterium could attain a 00ncpntfn¢iop of 10id cells/ml within
.Q 8 te .9 dnys in éoéonut'root extract breoth. The viable counts
decrcascd to 103 cclls/ml hy“the 16th day. The logio;of celony
counts wos ploticd agulnst days of lncubatlon to obtaln the growth
curvc'(Flg 7). '

3.9 Effcct of coconut root ex+ract on product;on ot nolysncchﬂvldc
Bi Entcrcbactor :

The qfcht-of,incofﬁh“ating coconut rOotJéxtract'inj'
nutrient media on the extent 2 production.of polysaccharide by the
cogonut Enterobacter isclates (Fig.8) has brought out a lincar

increase of 8 to 9 g alcohole precipitated material pcr litre
of the broth upto 50% concenptration. rurthcr increase of ‘tho
coconut root ¢xtract did not have any appreciable cffect on
polysaccharlue produotlon dur1ng a. pcrlod of 13 days.

3,10 mffecu of nutrltlonal fnctors on thc ylcld of poLxg?cdbaride 

- In ordcr to assess the response Qf carhohydrntes to the
cxtcnt of produetlon of polysnccharlcc by ooconut Entorobactor

i
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- 10 diffcrent sugars were IHCCTPGTRLC& into four modin such as

basal salt solut1cn, beet e&traet 1%, coconut reot cxtract 50% .
and ccconut reot cxtrnct 50% + beaf oxtract i%. Sugars tenteﬂ in

j~prcsencc of coconut root extract (50%) and boaf cxtract (29
: facilitatcd yield of polysaccharléc by coconut untcrobactcr in

the rangc of 6.20 g to 9.4 1 culture broth, in which lactcsc
and duleitol recorded ahove 9 g/1 while D.arabinosc, trchalose,
raffinose, B. galnctose D. glucosc, and sucrosc followed with _
abovc 8 g/1 yicid. Su&ars with coconut rcot cxtract (50%) ranked
as thc next medium with an yicld of 1.88 to 4. 28 g/1 breth. Here

‘also duleitol mnd D. galactose toped the list with 3-4 g/l ‘

EAN

- productien of polysaccharidc. ‘Sugars with beef extract (1%)
yiolded 0,640 g teo 1. 004 g followed by sugars in basal salt f
B solut1on, niding production of 0,320 to 1.120 g polysaccharidc per
- litre culture brcth. Gverall supcrlority of lactosc, D—galactosc

and du1c1tol in nll tbc comb;nations testoﬁ is OV1dcnt from :
F1g 9. e

_j3 11 Scrccnlng of standard_gtrnins cf Entcrobnctcr cloncne for

thcir nbilitg to producc polxgacchnridg

-

Twenty four straii. of Zntcrobagter cloacac"from'six :

?ainternnt1onal culturc collcot*ons claborated nlcohol prccipitablc

materials in the rage of 1. 0 to 5.2 g/1 when cultivated in

| nutrient mcmln, wncrcas in growing’ coconut root cxtract broth

the range of nroduotion of alcohol nrccipitﬁblc mnterlnl voricd
from 1.28 to 4. 64 g/l broth. The coconut root extract fncilitatcd

) produotion of polyuncchnrldo abovo 4.5 g/1 broth in culture.

designates Ezz,.E 167 Byo and B and below 1.5 g/1 in aa, Eqs

B and B B,. Tho culturc designate B, _yiclded 5.2 g/1 and By By

. and E6 produced above 3.5 g/1 polysncchar1do wbcrcns By, and

By preduced pnly 1. 5 g/l poly sacchariée whon culturod in

nutrient broth Capability of individual strains of Enterovacter

' -cloncae in product on of nalysnvcharldc in nutrient ncdia and

coconut rootrextract broth ie rroscnted in- Table 9. _The

_'compnrative cffic;eney 0¢ :'Aﬂc isolatos on c¢laboration - of .

‘polysaechnride in two media nre depicted in Flg 10 alQn€W1th

-'oooonut Qnggrgbpgig; culturc No.CBz.

eve2t
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“3;12 Eﬁtrnctidn df{toxin material

On grow1ng coconut Gntcrobqﬂter in ycast extract

dlalysate broth for 13 days, the extraccllular pol;sncc%arldo

- wos hnrvesteﬁ os Gesceribed in materiale nnd mothods. chcn lots
of two L eulture gave 1,600 . enll froc broth on ccntrifuglng,
a.IHGIVIGHally. The aleohol pr001p1tatcd nolysacéhnrzde {17.546 g)'
" derived from 10,800 ml cell free broth, ylcldcd S 670 g crude
'ftox;n on purification. In other words it is cv1dcnt from Table 8.

The rececovery of aleohol precipitated matcfial £rom_root
sap of root (wilt) affected coconut palms is Getailed in Table 1i.
Four hundred and forty . clght mg of alcohol prccipitatod material
ggdcrlved from 2,473 ml root ‘sap collected at four strctch over. a per

.- of 62 days yieldcd 159 mg purificd naterial on p0351ng through -

:ion cxchange rcsins, i.c. an average of 181 mg alcohol- precipitated
nterinl per - 1itro of root sap y1clded 64 mg substance on frecze

- drying the cffluent from Bowex columns. A4s the aleohol

pr001p1tatod natcrial obtnlﬂcd from roct’ snp o! healthy palms

was ncgllgiblc,,attempts_wqr “ot initiated on 1ts puriflcatlon.

3.13 Gnuﬁanu's.test='

Biologicnl qssny of thc crudc toxin onploying Gnumﬂnn k)
test revealed thc cffcct of crudc toxin at thrcc'diffcrcn% L
conccntrations v1z., 100 ppm, 1, 000 ppm and 4,000 ppm on tomato
cuttings., The obscrvation of tomato cutiing was. continued ot
‘scrial intcrvrls-up to 30 h. Slight ‘bending. at the leaflets was
r atcd as initial symptom. Nhile tomato cuttings Gitpped in toxin
at 100 ppm took .22 h to show the . initial symptoms, 1, 000 pPp® took
four and tomato cuttings at 2,000 ppm developed the initial
_symptom with in 30 min, Tho. symptoﬁs 6roérc93ed to the highest
level obscrved, showing drooped stom and withered loavcs within

a poriod of 30 h at 2, 000 ppm conccntratlon of toxin. ‘Tho index~"
.of w11t1ng tonate cuttings i“'“ﬁfferent conccntrntions of toxin

at scriﬁl intervals of timc =, glvcn in Table 12. "

AN
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' ﬁJE_-i' Likcwisc, highly Purlxlct tox1n‘fraction was also tested

'-‘ror biologieal act1v1ty at. thrcc different concentrations for n
;Vpcriod of 48 h. ‘#ithin the stipulated period this toxin at 100 ppn

é;“conocntratlon could not 1nduce wilting; wncreas 1,000 ppm took
l‘six h to show initial symptom and. 2 , 000 po o took three h, ‘The'

. . index-of wilting at serial intervals of time st ﬂ1ffcrcnt o

‘concentrations qf‘hxghly puriflcd toxin 1s.shown in Tab1q 13.

Toxin separatcd from root sap of root (w11t) nflectcd
' coconut palms alsc were h10assaycd with- tomato cuftlngs. Toxin:
at a concentrntlon of‘iOO ppm did not show any offcct on tomato
-'cuttings for n pericd of 56 h, while, 000 ppm concentration of
toxin effected 1n1t1a1 symptom w1th1n 10 h angé 2, 0co ppm -
oonccntration of texin showec 1n1tiﬂl symptcms withln cight h.:_
- The symptoms exprossod by .to...to euttings at 100 ppm, 1, 000 ppm'-
’and 2,000 ppm conccntration or root snp tox1n at scrinl intervals
of timc for 5& his detailcd in Table 14, '

- 3. 14 Rcvival of wilted plaﬂ

Y

Tomato cuttings plnced in 2, 000 ppn toxln ‘solution for
,‘four h, mhen trnnsferrcd to distillod water rcvivcd wilting,

whercas cuttlngs retaincd in’ toxin soiution for 24 h could not -
regain turgialty. '

3.15 Effectiof toxin on gerg;pntigh_of §pcds

As it is cvident from Tnbie'ls '1% nauéous'solﬁtioh of
erude toxin did not have my offcct ‘on the germinntlon of scods
of scven- ‘spocices of plants t- ~ted, ‘ '

3.16 -Scrologieal studicé“

Tho ooconut Entcrobactor crude toxin was antigenic.
The . tltre volue of antiscrum was 1/512 and of ontigen 1/128.
Inlﬂmano»dlffu91on tcsts crude toxin formed one clear precipltn—
.tlon banu near the nntiscrum well.. Simllnrly extracts from
discaso affected palms also formed a corrcsponulng band . The
buffer saline and normnl plant cxtract used as control did not
| show any band. '

] .. G - ‘. - a3
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Nonc of the alcohol—preczpﬂtntcd polysacchnrlﬁc frOﬂ
stundard culturcs of mntcrohactcr clogcae formed precipitation
bnn@ in 1mmunodiffus1cn whcp tested agairet ccconut Entcrobactor

toxin ' nntlscrum. o o . : )

| 3.17. Purification.bf,toxin

Gn npplyzng crude tox1n to Scphndcx anoo column, the
‘cffluent %was collcctcd in three ul frnctions ad read '
colorlnetrlcally, os dcscr*bcd in ﬁntcrlnls and methoas. The -
‘percentage transmlttnncc of cach fractlon was plottod against
elutlon volume as indlcatod in Wzg 11, There was ' a lanc poak'
“at the olution volumc:of 21  and the peak frnctlon was dricd’
- undcr a.stream of air nnd weighed to cnlcnlntc ‘the porccntage
:.of'rdcovcry;  8cVenty six percent by weight of the erude toxin
. npplicd was_rccovércdzhs ?urifiod‘toxih, in a single peok.

3. 18 Characteristles of toxin
' Mbleculnr woight

Moloeular wclght of the rcak fraction was dctermincd
'follow1ng the formula glvcn in matorinlsland mothods. The -
- 01uticn volumc of pecak fraction being 21 ml, 1ts molccular
‘ﬂwelght was - cctcrmlncd as- 89,130

© 8.19 Frnctionntion

_ on passing through ancx columns thc ncutrallzod acid

f bydrc1ysnto of the crude tox. . EDE scpnrntod.lnto nnionlc,

',cntlonic and’ ncutrnl fractlons with a total rccovcry cf 86 66%
in a proportlon of 133835 rcspcctivoly- '

. 3,20 _Amiﬁo acid profilcS‘

_ ‘} The. cntlonic fract1on of cruﬁe tox1n was rcsolvcd by
thin 15yer chromntography for dotcetion of amino n01ds.' Three
‘ninhydrin p051t1v0 ‘spots wWere 1ocnted of which two were identifiod
. as glutnmlc acid nnd lysinc. Thc unidcntifxed snot- hnd on

‘Rf valuc of 0,12,

l.i » .34
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The “ntcroonctcr crudc toxin shewed 18 osminc reids when

'_annlyued by Amino acid ﬂnﬁlyser. Agpartie acid ané glutanic
acid werc in grcator proportions cach showing 2,02 mg/1C0 ng
sample. .Lyéinc, valine, pfolino, alanine and lcucine were

in the rmgo of 1 to 2 mg/100 mg sample.. Tho rost of the nine
amino. nclﬁs ‘roprescnted oach leoss tbnn 1 mg/100 mg snmrlcs

(T ablrs 16 & 12)

3.21 Sugar contcnt'

. The neutral frnctlon cf the crude toxin showed the
~_prescnce . of only onc sugar compound, This was idcntiflcd as
~ glucose on conparison #ith standnrd sugnr

3.22 Sugar acid disfrihut;qn

Paper chromzmogrnphic ana1y51s of anlonlc fraction eof
crudc toxin presonted five spots none of which with Rf vnlues
0. 87, O. 58 0. 42 0. 21 ané 0,05 rcsemblcd the known sugnr acids
available. ‘

| 3. 23 COmpctltiVO Saproghytlc nbillty of hnterobnctcr cloacae

The dilution platc counts takcn at pcriodicai intcrvnls
of bactoria and fungi incorperated into-the methyl bramide
fumigated soil revealed that thesc mierobes (Enterobacter

cloacac, Cylindrocarncon cffusum and Fuserium cquiscti) coan

co-exist. and proliferate together without any delcterious
- offobt to cach other (Table 15 and Fig.13).

3.24 Scrcening of gntibioiics

Inﬁtinlrscrccning of mtibiotic scnsitivity'disés agoinst
coconut HEntcrobacter rovealed that the bacterium quﬂsonsitive

“te Ghloramphcnipdl, Mandclamine,. Konamyein, Tctrncyclinc,
-‘QthOancycline,'and Streptomycin whercas 1t was resistant to
Sulphadiazinc, Erythromycin, Bacitracin and Fenieillin. The
‘minimum inhibitory douncentration of Oxytotracyeline ona |

 ve..25



Streptonyein was judgéd by tube dilution technique. Oxétctra-
. eycline preovented growth at O'B/Mg/ml concoentration end |
5trcptomy01n at 5fug/ml concentration. Growth of the bacterium
as obscrved by per cont transmittancc in various c«nccntrﬂtia
cof thc antlblotlcs is plottcd in Fig.14.

3.25 'Effcct of oxytctracyclinc on coconut rcot (wilt)'diéeaso.

The percentage incidenec Qf'&isoase as indexzed by the

' mcthod of George and-Racha (1973) of treated ond control palms
over a pcrioa of four. years. is givcn'in Toble 18. 'Tﬁc change -
in discase index of individual palms of treated and econtrol. -

lots from 1977 to 1981 is calculated ond is conpnred by tgt .
test. A mean reduction of 3.31% in the discasc index of
trcated palms'and n méan iﬁr.~*sc of 8.54% in the diseasc index
of untreated control paliis are observed 1ndxcnting the offcet

of oxytctrncycline in amelinrnting thc discnse condition
(Tablc 19}
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. Table-2. Teohnical dctnils of entibiotic sonsitivity discs

—— p— - o

‘Name of sonsitivity Concentration T
d . : v
Code HNo discs per dise Solvent
L Hy o Chloramphenicol ao/ug' Water
Hy Mandelomine ‘30 ug " Dilute
- 4  alkali
Eg | Kanamycin SO’pg : Water
ﬁig ' - Tetracycline . 30 ug Tater
o Hiﬁ _ Streptomycin 10/ug - Alecchol
HS - Brythromycin 10/ug - Alcohol
H o Sulphadiazine 1mg - Alkali
- . . _ '  hyGroxide
and Carhc-
_ : o notes
2, ' Baecitracin 10 ug i @ater
H14 'Pcﬁiciliin 10 unifs_ . : Rater
Table 3. Zxtent of occurrence of bacteria *n coconut palms in .

relation to root W1Lt> discasc.

- . - e e

Condition of palms Number of palms.

¥
W Y S S A S Py e =

-

Porcentage of palms
. yiclding bacteria

Discasce advoncced

4Diseaselcar1y

ipparcntly‘hcaithy :
Healthy '

i S i s A I v e e e

51 . 56.49
52 ‘ 43.20 -
14 , | . 830.95

q01 o 12.15




Table 5. Percentage occurrence of gram neﬁative bﬂcterla and
" Their identitiy in Glsoase—frce and di géasc-affected’

trncts.
| . " Discasc-frec Discasc-affected o
Identity traot _ tract otal
Enterobactor 2.44 - 63.41 . 65.85
Azotomonas/ o o : e
‘Acromonas 12,20 S 13.41 - 25.61
 Erwinig 0 6.1 T
~ - Pscudomonas - 1.22 . 1.22 - 2.44

T e —— Y S SO it v T S B S st - - e v . - . ———— (——— v ot ke S

- Table 6. Extent of oceurrence cof Entcrobagtcr 1n rclation to
coconut root (wilt) disease

Pcrcentago of Perecentage

Catcggiies Of | 'ngal ?;mbor palms yicld- occurrence of
patms o patms. ing bacteria Enterobacter
Discase-advanced 51 _ - 56.49 42,34
Discasc-carly 52 '.‘ - 43.20 73,75
Apparcntly healthy ‘ - - 30.95 16 .67

Healthy 107 12.15 8.0




'; Pable 7. Variation in the morgholqgical and blochcn;pal
' - charad%cristlcs among. ﬁlffcront strnlns of co@cnut
Entcrobactcr cloacno

.

Characteristics oL | Straln desrgnations
oo 8By Oy 5B G OB
C . : Medium Mecdium  Short Short Medium  Modium
¢ll morphology rod "~ rod rod rod rod c rod
~Encapsulation -+ : - - -
Ornithine ‘ _ C .
decearboxylase - N + £ .+
Rhamosc _ : , o
. fermentation _ +* + - L= - -
Lactose S : | : S : '
fermentation + + - S SRR +
Glycecrol _ o ' o _ .
fermentation -~ - - - B e . +
Dulecitol _ - o _ _
fermentation o R P T ) = -



Table 8. Influencc of dlffcfont cnrbohyﬂratcs on tho nroauction
ct¥ rPolysaccharide by coconut untcrobactcr cloacac
(cviturce CB, )

§'51 Sugar® o - Media : _
. . uea : g p
- No.. . ! _ Basal -  Beef SR i CRE 50%
] o .  salt extract CiZ 50%  + Beef
3 o solution 1% -oxtract
L - —— et - L
3 : . ,
1. D-Eylose. . 0.320 0.840 1.88 6.32 -
" 2. D-Ribosc | . 0.346 1,040 . 1.92  6.20
- 3. D-Arabinose o 0,620 - 0.760 . 2.32 8.48
Trchalose - 0.747 ~  0.840 2.36 8.08
- Duleitol 0.600 0,720 4,28 9,04
Raffinosc - o 0.720 - 0.840 2.40 8.32
- D-Galactose : -~ 0.803 0,840  3.32 ' 8.96
Lactose = - 1.120 "~ ' 1.040  2.20 9.48
-D-Glucose - 0,880 - 0,760 2,16 . 8.88
Sucrose | ST 04840 0 0.640 2.04 °  8.96

—— a - ——

% Sugars were incorperated at a concontration of 0.2%
*#* Coconut root oxts



Table o, uﬁtcnt of proaactlon of Polysacch

aride by ﬁfffcrent

nctcr cloqcao

stancdaré cultures of Jﬁtcrob

‘ Culturc d031gnat10n
and itg ﬂoarcc ORZ broth
‘ Polysaccharide
~in g/1 broth -

Nutrient broth
Felysaccharide
in g/1 broth

' ROBaZET ECCH INSTITUTE,GEaiary

B, (Nr.Q?&/TQ)

g, (§£.921/70)

E3'(Nr.1084/70)

E, (ﬁr.iioq/7o)
85 (Nr.ise2/70)
(Nr.gq/7b)"ffl
UﬁI‘uﬂSITY CGLLEGE IRhLﬁND
' (Imm 116) .

_MINISTQY OF ;E!LTH, CANADA
(3401) o

E, (sc-311)

10(50-313)

PASTEUR INSTITUTE, FRANCE
B, (6022)

312(6085)

®,3(681)

1.80

 1.28
1.36

2.52

.1_._48‘ h‘ P

1.88

.44
2,40

4.04

3.16

4,72

1 .48 .

: 1%4‘ o7

5.2
2.8
3.0

4.2
B 3.8 -
2.4

- 2.2

3.2

2.8
2'0'2
2 b"8

Contd . o e -Tor
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Mcdia fr';qw'

Culturc dosignation
. and its source

R

7 ' CRE broth
c Polysaccharide
~ +in g/l broth

) P‘QNutrignt broth_
Pulysneeharluc
'in g/l breth

14 (N%TU‘10005) PR

(HuTC—5920) _
8, {wbro-6022)
- "Eiﬁﬂiﬁﬁmc~ea4é) o BYeR
g WRrooaen) - Fen
) .:(ﬁc'mu-gszg:),'= )
.i;i;;.zorﬁxﬂmc-9711)' f'.f }i;5
AR o (Ncmc~9844)-f- m §}f{:‘
USDA S e
(HQBL-B—izﬁ) LR
(NRRL-B-169)-. Pree)
(NRRL—B—lBO) |

23

7 _GBZ (Knyﬁmulnm culturﬂ )

;3.83

"3'24'

e

\‘ :

4.64

1538,
3.56

1.52'

5;35Tb

3,2
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h Table 10. Extont of production of toxin by coconut Enterobacter
: from ccll frec gculturc broth in varying lots. -

—— i w 3 -

L Volume of cell  Weight of aleohol =~ Yiold of
- Lot No. free culture precipitated -erude
o broth ' - polysaccharide _ -toxin
1. ' 1200 ml 2.315 . 246 mg .
' _ (% 03 g/1) (205 mg/1)
3. 1500 ml = 2,331 g 273 mg -
- | | (1.46 g/1) (171 mg/1)
3. - 1600 ml 2,754 g 331 mg
N o . | (1.72°¢/1) (207 mg/1)
4, 1660 ml © - 2,425 ¢ 286 mg
| - . (1.52 g/1) (179 mg/1)
5. 1600 ml . - 2,651 g . .328mg
o - - ‘ (1.66 g/1) (205 mg/l)
6. - 1600 ml 2,438 g - 387 nmg _
, | S (1.52 g/1) o (179 mg/1)
7. 1600 ml. . 2.632 g - ‘ 319 *
S : {1.65 5/1)' | : 199 mg/l)
Total * 10800 m1 - 17,506 2.070 g~

(1 625 g/l) o (122 ng/i)
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Table 11.

L]

Recovery of purified material from root sap of
discasc—affcoted coconut palm in varying lots.
Volume of Pcriod'of- Alcohol preo- Purificd
Lot No. root sap collec ~cipitated material
collected tion -in material '
days
1. 184 ml 18 17 mg. 2 ng
| . ' (93 39 mg/1) © (10.87 mg/1
2. 137 ml . 14 16 mg 4 mg
o ' - (116 71 mg/1). (2920 mg/1)
3. 432 nl 9 - . 93 mg 26 mg '
' _ ~ (215.28 mg/1)  (10.19 mg/1
4. 1720 ml 21 322 mg 127 mg
: (187.21fmg/1) (73 84 mg/l
Total 2473 ml 62 . 448 mg . 150 mg

(181 mg/1) (43.53 mg/1

i . e S e st i L A S AP R S i B Wy et W MR P — — —




.
 Table 12,

Gaumann's test with'éocbnut Entercbacter toxin

5 e

“Obsorvation o -
'Concontratlon 15min 30 min 1 h 2k 3 h 4h 5h 6 h 22 h 30
of toxin : : - o , _ - o
1000 ppm - - .- - - + + FE b ed
2000 ppm - + o+ + s B b Lbd rek P
+ Sllght bcndlng at the tip of lenrlets
= 4 Vigible bondlng of lenflets
- +1+ Potiole startcd bending ‘with stom tip. '
+++¢ Stcm droppcd with lcnvos withored._
Table 13. ,Gnumann‘s tcst with highlg purlfieﬁ coeonut Entcrobactor _'
o toxin. «
~ Concentration R Obscrvntion tmo B
of toxin, - ——
. o CL " th 2h 0 h 4 h 5 h 6 h 22 h 30 h 48 h
ot e e e R ——— e T 0 0 S o e e 7 i e
100me - e N AR I - .-,-‘ . -
1000 ppm - - T e - % e ++ e
2000 ppm - - o + o+ FR P 4
— , ------—--r-Si:i-ghb-hen&i—ng-'n'b-'bhe-ﬁ:p-of--]:enﬂ-c'&s“"'

_ _ s Vislble bcnding on lcnf lcts . .
S ke Poticle stnrtod bqndlng with stem tip ;



| Pablo 14. Gemmonn's tost with Seot sap toxtn

*

—— e i - e T e 1 e -

“Concentration of - Gbsorvation timp:

toxin SO D i _
I 6h 8th 40k 23h 30h 48h @ 56b

- 100 ppm o L - - .]w,"" N _ .
1000 pom DT SR - RN S TR
. 3000 ppm S N T T IR TR Y

'+ Sligbt bonding at tho tip of loaflots
" ++ Vistblo bending of leaflets
++s Potiole started bonding with stom tip.
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Table 15. Effcct of coconut Entorobagiter toxin on the - -
 germination of gocds o -

. -

Perecntage qf‘germinnti6n :'

Scods tesﬁéﬂ_" —— - o .
Co PR Toxin treated - Control

grotolaria Striata 98 .. 100
. Crotolaria junceq - 100 ' 100
' Nicotigna tabacum . -, 100 98

 Cyamopsis totragonoloba . 1060 100

-Lycohersicum eseulentum . 100 ' 100 -
2 Amarnntus)cﬁudﬁtds. o 100 ‘ . 98
‘ Clcome viscosn = o 100 " <100

? Tablo 16. Amino hdid analysis of Entorobacter toxin

'Sl.'No,_ ' . '.Aminggnblds o __mg/lOO mng snmplo*r'

I N . ; -

% i. ' ‘Lysino SR | | 1.15 |
- 2, Histidine . : 0,20
s, - . Argimine . 0.66
S 4, "f'”'fu'Aspartie~acidf" g ' ‘ ’ ‘2.02-
8. . - - Threomimne  0.88
6. Sorime - T 0.62
. "7, . Glutamic acid o R 2,02 -
8. . Prolime - - 1,03

1 9. Giycine o o \ F’-.o@Bﬁf'-
10, © . - Alanine ' R . k 1.10°
114. . - - Valine _— . SRR Y ¥ §
12, Mcthionine =~ ‘_ 0427 .
13. ~ Isoloucine _ _ ‘”. '”'0?361
14,' -~ . Loueino - - f"_"t1518-3‘
5. Tyrosine o o 0,88
16. Phonyl alanine | - 10.68.

—-——— : . e -



Table 17. Compctrtlvc Saprophytic nhility of Entcrcbacter-
g cloacac. '

-

Bacterial counts x 10'/g of soil

:  _ Treatments
Period v ar
[
T, T, -T, . T ‘I'1
-12h 20 20 20 17 0,006
15th day =~ 200 ©  B.5. 11,5 . 58 =
' 30th day . 12 8,5 - 2 3¢ . -
60th day 0,625  ©i09 . 0.05 Q.15 . -
90th day- ~ 0.039  0.808. 0.006 |, 0,004 .~
Fungnl dcunts x’iQ?/g Qf'$oi1‘. ‘
j2% .~ 20 B0 80 0.4
Ci5th.day . . 45 - S 1 S
'30thdey 3.3 & 3.4 0.85
" 6Oth day - e 0.1 0.3 1,30
90th aay-‘ | 75 0.5 0.6 - ;bu-»-

Ti V~_-Gontrol ;
12 - E “nterobncgcr
® —T3 . tery actcr + Fusa;ium cguiseti
T, - Entorobnotor « Cylindrocarpon cffusum

Ty - Entcrobactor + Fusarium cquiscti +_“
A " “Cylindrocorpen gffusum
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Table 28. Influence bf Oxytotracyeline on root (wilt) discaso

Palm No.

Pereentage of discase incidence#®

. "}{ln.;
1977

~ Treated
,-Palms'

.

O

|---,-.-.--p-.--q——-.-—.-—-.-.-...—-..--..-1

3.
10,
11.
18,
15,
. &
i-33-:'

. A i ey ey

27 .1.
20,5
25.6
12.3
18.0
28.5
- 31.9
26,4
26.3

" Jans

1978

Jan.  Jan.

1979 1980

Jan.
1984

28.5
20,6

33.7 .

15,2

i1.5 .
25.1
32.8
26.3

- —

. 27T.2 '28.8 .
7.4 23,7

9.7  11.1

4.8 5.6
20,1 35.3 -
. 33.7  35.2
11.5 20,7
.22.4  25.8

25 .-9

© 21.0
T24.2

6.5
3.3 °

30.0
24.3
2Q.0

oy oy

: ,Untrcat'c_ﬁs
"eeontrol |

e A T e s I

©palms -

EEEE- I bl

. <
L-'- L g e S g g o ok D iy S

9.

14.
18,

21,
24,

12. 3 "{ :

23.3
;:30‘9

. 19.0

3.1

14,0
o 11,3 |

. 26,0
, 36;6;7

- 21.7

319
‘ 2&‘£_T4l:

"23.7 .

T

33,0
27.8 .

' 87.0

16.3

31,9
45.6

- 23.0

~83.8 41.9

26.1  32.0
25.2 30,5

36.7 86.5

13.7  16.3

40.1  39.3
34,3 37.3
48.1. 50.4
27.4  26.6

20.3

28.5
21.3
22,1
'18.0
39.6

36.1

48.4
21.7

R Indoxod-by the method of Gebrge,and

Rodhn, 1973.



Table 19. Cbaqge in diseasc index over a period of four
years (1977-19811 , |

 OTC Treated Palms Control Polms |
1.2 -6.1
= 0.5 o - 1.a
1.4 -4
5.8 - . - 2.3
14.7 | -  -11.0
-31 B - 4.0
1.9 : o -28.3
2.1 | =104
6.3 | - - -11.8
. 0.0,
Moam 8,31 - 8.5¢

_ 't' vnluo 3. 81 *'
Rz significent at 1% Icvcl
. OTC -~ Oxytctroeyclino
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AT 540 nm
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LYSINE
HISTIDINE
ARGININE
ASPARTIC ACID
THRE-ON].NE
SERINE
GLUTAMIC ALID
PROLINE

G LYCINE
ALANINE
VvALINE
HETHONINE
15OLEUCINE
LEUCINE

TYROSINE

PHENYL ALANINE

r

AMINOACID ANALYS)S OF ENTEROBACTER TOXIN
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5;_SUMMARY o R f?

A dotnllcd ad systemqtic 1nvcst1gntion on the

i associatian of bacteriq w1th he root (Wllt) dlsoaso of coconut'

was' carriod out.‘ Gulturing ‘nd 1solation of bactoria from

.stelar bits of roots .of pnids showod the prcponncranca of

Enterobactcr cloacag and its atfinity to pnlﬂs in ‘the uisoascd

‘troocts with tho GOanrative negligible incidcnce in the healthy

_ ltrnct. Relevnnt in this contcxt is the formulation. of a meﬁium

" simulating the conditions akin to the natural habitat, with the.
‘1neorporat1ﬁn of coeonut root. extract solidificd with agor.
'Thoae coconnt Entcrobacter cloacae isolntes produced alcobol

prccipitnblc polysaohnrriﬂo-lxke mntcriala thnt could wilt test
plants in vitro. The influence of diffcrcnt cnrbﬂhydratcs on thel

'-lextont of - productlon of cxtrncellular polysﬂcharride ‘has beon

tosteﬁ ‘4n:‘differont modia, whcrcin the profitnbility of coconut
root cxtract wns obscrved. Mnximnl production af polysncharrido :

ang noticed on incubatlon of coconut Enterohncter isolates
' for a“'ﬁriod of 13 days.3 The nbility of coconut Enterobacter _
,isolﬂhca.to producc polysac . .rrige wns conpared with 24 standard

cultures of hntorobncter cloncae frnm six intcrnntionnl culture

J‘dollﬁntiﬁns in two medin namoly ooconut root, oxtract broth and
_ nutrient broth.' The - orudo toxin cxtrnctcd fron the cxtracellulnr

'pelysnochnrrido of coconut Enterobactcr isolatcs on bionssay

1n vitro nt difforcnt conoentrntions showcd thnt thc toxin at

.2, 000 ppm eculd wilt plnnt cuttinga withln a pcriod of 30 min

and tho timc rcquired to wilt was ‘invorscly pr0portionn1 to tho '

‘tapnccntration. The erudn toxin hns boen ObSOrV0ﬂ to be
Anntigcnio.‘ ‘The antiscrum formod clcnr prccipitation bnnd with

. crudo toxin and cxtracts fron ﬁiscnsed matcrinls showed a

'rserologlcql rclationy whcreas no such rclaticnshlp was obsorvcd

with the pﬂlysncchnr1dc prcparntions of stmdard Entcrobﬂctcr

cloaenc culturcs, thcreby bestowing the coconut Entcrobnctcr

' isolates w1th an individunl *ttrlbutc.

-
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The cotonut Jntcrobaotor toxin subsequont tu purlficntic
using sephndex G.200 has been. eluted onky’ io n.singlé fraction
- with an cstlﬂatcﬂ nolecualar. weight of 89 130. Cn. passing tbrough'
Dowex coloumns the noutrai: o acid bydrblysatc of the crudo ;
toxrn was scparated into. nnlonic cntxonlc and nnutrnl fraetions }“
with: a total recovery of 86.66% in a propertion of 13 835 |
rospectively indicating the dominnce of sugor nclds and nmlnoé
ncids nttflbutlng the pqssibllzty of the uoxin being o
= glycopcptldo. The - cationlc frhction of coconut &ntorobactcr
toxin - ‘Wag resolved 1nto throe- niﬁhydrln posltlvc apots on
Thln layer chromatogrnpbic-piatcs, two of which bave bcan
idcntificd as glutamic ncid_and lysine. . On the othcr hand ,
frnctipnntlon w1th an Amxno acid annlyscr has. ind1cnted the
prosonco of 16 nminc ﬁéids 1nzthe toxin.A The ncutral fraction .

- of coecdnut Entcrohacter cruﬂc<toxin showoﬂ the. prcscnec of .

"only glucosq whereas thc anionxc Iractlon waa rcsolvcd 1nto
five spots, none of which was idcntified. o

s

_ On ucrocning dirfe rent nntzbiotics against tho coconut
Enterohﬂctcr isolates, thc aensitivity of the bnctcrium to .
stroptomycln nnd tntrncycllne gronps of nntibloties was revoaled
which promptcd 1nvestigﬂtions in thie dirnction that have
providcd r1ch ﬂividends nn tho possibility of checking the
discaso to an extont using a rcscnrch foraulntion of oxytctrn-
cyellnc. In the preacnt invest1gation nttcmpt hns also’ bcon
madc to nrrivc at ‘o preeise ceonclusion on the cxaet rolu of the .
coconut Enterobacter cloacae strain in root (wilt) disoase,
by initinting HE large scale’ pnthogcnicity experiment, by
1nocu1=¢1ng the bacterium alone anad in ‘combination with the
othor biotic agcnts implientod to coconut scedlings plnnted
in microplots contalning mcthyl bromido rumigatcd soil the
results of which are awaitcd '
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