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JHTRODUCTION

- The important fact that was reported at the last meeting of this
Working Party, and which is & vory characteristic feature of the root P
(wilt) disease of Keralo, is its slow spread. This is the most encoura-
ging aspect of the disease. ilthough the disease has crossed both the
northern as well es the southern outposts in Kerala, the sprézd has =~
. 5till been slow &@nd the total area .affected is not much larger now than
what was reported in 196t. . . ’ '

Symptoms

"' The main symptoms of the disease are flaccidity or ribbing of
leaflets accompanied by an abnormal bending of petiole, which often
breaks, and slow wilting of trees. The outer whorls of leaves often
turn yellow and the buttons fall abnormally. The leaflets show tip and
marginal necrosis. A constant decline in yleld sets in till the tree
finally becomes barren., The wilting is associated with root rot and is
a characteristic feature due to which the disease carries its nambé, =~

) The ‘susceptibility of coconut palm to the disease is influenced
by age (Table 1). Seedlings below L years of age arc-not affected while
the most vulnerable stage of the paims to the discase is at the bearing
age (6-15 years). Progress of disease in young palms (6-15 years) is
rapid, leadidng to deterioration within 3-4 years.after-initial symptoms,
whilé it is slow in middle-aged or*older palms (35-50-ycars), taking
8-10 years for deterioration to set in. The yield of young affected -
palms is also severely affected as compared to that of the middle aged. .
ones, which do not suffergbo any appreciable extent for a long time., .

The losses due to the disease are on the incresse particularly
buceuse (1) the diseasc has spread to wider areas and to nower planta-
tions in infected gardens and (2) the younger plentations (underplantings
and replantings) on infection are showing faster deterioration,
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Nutritional and biochemical investigations

Soil survey: As repor:ted earlier the diseasc has been found to
occur on all the soil types of Kerala. The disease is more severe in
poorly aerated soils. and conditions of waterlogging and poor drainage
probably predispose the palm to infection. -

The nutrient status of the soils from healthy and diseased area
essentially had no differences except that the diseased soils were
poorer in calcium, available potash, total exchangeable bases and low
in pH. The occurrence of disease in rich clayey reclaimed soils however
points out that soil aeration is an equally important factor. This is
supported by the observation that the disease is moro common in exten-
sive reclaimed gardens than on the bunds where the ebb and flow of the
water aerates the root zone.

Pot culture experiments have shown that soluble iron, manganese,
ammoniacal nitrogen, and oxidisable matter were found to accumulate
under waterlogged conditions in the soil, Leaf analysis indicated that
the uptake of major nutrients was inhibited.

Tissue analﬁls

‘i detailed study on the metabohsm of proteins and’ enzyues N
anino acids, organic acids; carbohydrates, lipids, major and minor
nutrients in the ontogenic stages of different parts of the palm
under healthy and diseased conditions as also under different en- -
viromnental conditions and manurial treatments is in progress. Pre-
lininary studies indicated increased catalase activity and accumula-
tion of amino acids and non-volatile organic-acids in tender leaves
of discased palms. Chromatographic sjudies showed varleta.l variat.ions
in amino acid contents of pollen and leaf tissues.

Nutrltlonai_l, stud:.os

The results of the NPK manurisl exper:.nents conducted at the
Central Coconut Research Station, Keyangulam, to ascertain their effect
on the incidenco and development of disease, have shown that the NPK
treatiments in higher dosages did not inprove the foliar cordition or
the yield of the adult diseascd palms. -The application of NPK also
did not prevont the incidence of disease in young palms at pe-bearing
age, The nmajor nutricnts when appliéd as folier sprays did not prove -
bottor than sail application *cf nutrients. The palms both under soil -~
and foliar spray appllcations did not resist the incldence or progress '
of d.lsee.se.

A pot culture 'expcrlment showed that dcfiblency symptoms of

mejor elements on seedlings failed to reveel any similarity with the
, disecse syndrome. Results also showed that nitrogen pla.ys a. more
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important role than that of phosphorus or pote.ssiun. Phosphorus pro-
bably cnhances the uptake of potassiun. . :

Studics on the effect of certain activated fortiliscrs like
plantomine, fenugol and trigolene did not. yield any encouraging results
with infected pelms, Trials with proprietory products like steramcal
green label and sca.magic arc bemg continued, -

fipplication of sulphur in the i‘orn of elenental sulphur, calcium
sulphate and magnesium sulphate over a basal dressing of N, P, K nanures
was found to bring. increased yield and :improvome'\t in foliar conditions C
in diseased palms (Tablc 2).

& micronutrient expenmcm on 364 palms in the. field.was.con-~..
ducted at the Central Coconut Research Ststion, Kayengulan, for 10 years.
Tho nutrients wore applied for the-first 5 years as soil application
and for tho rest .of the period as root injection. The experiment has
indicated that the micronutrients singly or in combination sapplied to
diseased palms hed no curative effect, .Since ‘the beginning of the
experiment in 1953, 50% of the palms under the treatments got infected.
A general increase in tho yield of Mg treated palms, irrespective of ..
wluthcr they were healthy or dlsoasod, was obtained,

_a,ic.hogenic studios

.

kcological work : . As reported carlicr, Rhizoctoniz bataticola
and R. solani were found associasted with root-rot which J.s a chc.ra.c-‘
terlstlc synptom of the root (wilt) dlscase. '

In view of the earlier suggestion that fungal ‘infection is
secondary, studics on the predisposing. factors conducive to the in-
foctivity of R..solani and R. bataticola wer¢ carried out, Primery
inoculation of young palns in the ficld with the virus increased
infectivity of Rhizoctonia spp. in the roots (Table 3)., /mong the'’
uninoculated pa.lms 3 those showing synmptoms of. disease proved to be
nore susceptible to fungal infection. Preoliminary studies on the .
corrolation between fungal infection and carbohydrato content of roots
indicated that the roots of healthy palms were richer :m carbohydrate
than those of dlsoased ones., (Table 4).

. Evaluation of thc soil and - rhlzosphere mlcroflora of coconut
paln i‘ron healthy and diseascd areas failed to reveel the association -
of any orgenism cthop thon Phiractamia ann. with the sccurrence of
disease. The quantitative reduction in the rhizosphere nicroflora in
the discased palns-appeared to be!inconsistent:with variation in soil
type and depth of senmpling: In.sandy loanr soil reduction in microbio-
logical activity in the soiliin the root zone of discased palms was
noticed,
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Studios on the root syster of palns in different stngos of
discesc weru carried out. JSlthough an increesoed production of fresh
roots was sonetines induced in affocted trees, it deercased with
advenco in discase. No correletion between root rot and initistion of
prinary symptaas of discase was obsorvod whereas the degroe of root
rot and the ‘severity of disease had a positive correlation. The seod-

. lings in storilised soil in the insecct proof house did not show any
root rot in spite of the foliar symptoms of flaccidity, yellowing and
stunting of leaves., These seedlings have also not doveloped necrosis
of foliage till the fourth year of their infection. This points out
a2 possible association of the root rot with soil fungi in nature and
also that perheps the necrosis of leaflets is correlated with root
rot or poor nutrient status of soils. ’

- Virologicel studios

It was first indicated in 1956 that a virus might be involved
in this discase’complex.” Transmission trials in the ficld confimed
the earlior rosults. The symptoms of the discase were consistently
reproduced on artificial inoculation in palms of all age groups both
‘by' the abrasion method and by feeding infective adults of Stephanitis
typicus Dist. ° C o ‘ -

_ Transmission trials under inscet proof conditions on 20 potted

2 year old coconut seedlings by different methods were started .in.1959. .
Observations on the different groups of inoculated seedlings and on the
-two control seedlings showed that by May 1963, five of the six seedlings’
- inoculated by the abrasion rethod and two of the six seedlings fed by .
infective 8. typicus were discased. Paling, flaccidity and slight
stunting of the leaves were the symtoms exhibited by these. . One of the
two seedlings inoculated by the basal epplication of washed roots of
naturelly infected coconut trees also showed slight flaccidity of
leaflots (Table 5), Diegnostic tests on cowpoa with the 20 experimental
soedlings were carried out at frequent intervals. Positive symptoms '
were produced with' the five seedlings infeccted by the abrasion nethod,
one seedling infected by S.- typicus and one scedling infacted by tho
incorporation of root bits into soil, )

""When"seeds of cowpea wore sown at the base of these test
scedlings in February, 1964, 23 years after foliar synmptaus were
epparcnt, disease wes noticed in four of the sap inoculated series
%nd two c)wf the seedlings infected by the incorporation of root bits

Table 6). - o . :

. The virus is found to be soil transmitted and soils fron-the .
base .of infected coconut palns gave positive infections on- cowpea while
those fron the healthy ones did not do so. - .is reported earlier, the
virus occurs in the clay and fine silt fractions of infective soil.
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Preliminary studies to find out the infectivity.of soils at
vaerious depths and distances fror the besce of the discased trees indi-
cataed that in a sa.ndy loz\n s0il, samples collected at 4 metigs: from the
" base-of ' dis@ased tree Wore infective to a. depth*o,ft«about 2 nietres .
vwhqreas'soils at about. one netre distance woere foufid=to: beZinfaective
at a.depth of “thro¢' iietres (Tablo 7). Most roots.in the root. systen -
ofiigoconut palms occur onthe: suri‘ace, about 50 per cent of thori being
found':at 2-4 netres below ground level. . Tt would seen probable from .
this‘that. soil _gets. contariinated by tho release of virus through roots
either: through toot: éxudates or by the decay of the old deéad root -
tissue. --It was turther .observed: that unsibved soils containing dead .
roots’ etc.”from the base of tho! diseasced’ trees were more infective than
sleved soils froh which all visible pa.rticles of debris were- removed.

R It was observed sone tine earlier that the mfective soil nixcd
in equal amoimts with sterile soil losecs infeetivity. More tests,were
performed with the following proportions of the infective and.sterilised
soil, L:0, 3:1, 2:2, 1:3 and O:4 to nake 2 kg. ‘of soil per pot. - Infeéecs
tion wes noticed in cowpea scedlings grown in situ in 4:0, 3:1, and 2:2
soils only. .Soil mixturcs tested for infectivj,ty by inoculation on
cowpea,, however, gave ini‘ection up to. 13 level. S _
; The effect of dry end wot storage of sendy loam soil collectcd :
fron a diseased erea at 28° to 30°C, on its infectivity was ialso studicd. .
Samples of airdried infective soil wore passod thmugh a 2 rm, siove ' '4, .
and stored in petri-dishes in 10 g. lots, onc lot be:mg saturated with'*
sterile. distilled water. .t intervals cley end silt fractions from -
these, senples were tested i‘or 4nfectivity on cowpea,. The results Pre~
sénted.in Table 8- show that the mjority of sa.mples remined infedtive
up to 9.to" 12 days. T o NI
i v . :

i Gowpea. (¥ _:Lg;_g,_ sincnsis L.) had been reported 5 e an 'indicator
host for the visus. The ‘age of scedlings whlch will givethe. ‘best re-
action and the period of 'syripton exprcss:.on wa.s detomined by an ex-
periment’s.  Sixto"ten days old scedlings gave f’OOd results. i The symptons
of necrosiscof: 'dcvcloplng lcaves could be seen on’ the .3rd or L4th ,day and’ "L
the’ leaf deforditics Were” glea.r by:the Tth* day. One. .to two week old
COWDPGR;. aeadﬂ.:lngs uralsed in sterilised ‘soil- a.nd transplanted in. infoctive
soil doveloped synptons ‘of. disease 8410 deys’, after tranﬁplantation. .
No' symptoms 'wero produced on oldor. seedlings. (Table 9)., Seeds, lof
cowpea sown in’ in.f.‘ective soil took nearly two weeks to. exhibit the
symptoms., L

(- RN

D oae nlthdugh cOWpee “is a good indicator host ,for the virus because
the; a:’eactions can be Tead in a short" t:Lme it is' ,found no{;L .
consistent reaction pa.:rticularly during_ the hot's _,__eason. L

A;“x‘_.
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A colour test based on the dehydrogcnase activity of leaf tissues
was developed after testing 1100 samples from 323 trees in different
stages of disease, The test was standardined as follows: Samples of
tender leaves are collected in the morning, 0.075 g. of each weighed
out into separate vials, frozen for L hours, mixed with 2 ml, of 0.001 M
aqueous dye, evacuated for one hour in a vacuum desiccator and incubated
at 37°C. ovesnight. The samples were exposed to a 100 watt. light source
at 30° to 32°C. the next day and the rate of decolorisation was recorded
every 2 hours till 4 P.M. The results given in Table 10 indicate that
the percentage of palms decolorising the dye to 50 per cent or above
jncreased with the development of the disease and that none of the sam-
ples from the diseased trees retzined the original colour. Cross inocula~-
tion tests on cowpea with leaf samples of 183 of these test palms which
exhibited foliar symptoms of the discase show nearly 91s correlation

. with the colour test., (Table 11).

When this test was extended to different healthy as well as
diseased areas, however, the results obtained were not consistent.

‘ Since this test is dependent on the enzymatic activity of the tissues

which are influenced by -environmental factors, it was found that the
test will have to be standardised with different types of soil and
for trees in different stages of developmente.

Infective preparatioris were obtained from diseased leaf sap by
precipitation of proteins in 50 per cent alcoholic solution. The pre-
cipitate, suspended in distilled water or neutral phosphate buffer 1/10th
the original volume of sap, was dialysed overnight in running tap water
and centrifuged. The supernatant which was found to be infective was
used a3 the antigen for injecting rabbits. Serological trials using
different preparations of infective material from both coconut and cowpea
were tried but no conclusive results have been obtained so far.

Analysis of the distribution of fres amino acids in the tender
leaves of both healthy and diseased coconut palms by two d:i.mgnsional paper
chromatography indicated the accumulation of aspartic acid, glycine,
alanine, valine - methicnine, leucine -~ isoloucine, proline, asparagine,
lysine and arginine in the diseased tissues. The increase of the amide
asparagine is comparable to the same phenomenon met with in maize rough
dwarf virus, papaya mosaic, leaf roll viruses etc. o

The external symptoms in tender leaves of coconut palms affected
by the root (wilt) disease are correlated with various anatomical changes
in the epidermal, mechanical ond eanducting tissuves. In spite of the apparent
stunting of leaves, an evident change in the rate of division of the
upper epidermal cells in the longitudinal and transverse planes takes
place resulting in slight downward curling of these. The comparative
thinness of the cuticle on the upper epidermal surface and the increased
percentage distribution of stomata per unit area contribute towards increased
water loss, Failure of development of all types of aclerenchymatous tissues
and phloem proliferation are the other important changes that occur
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in 1eaves of affécted palmS. A slightly :anreased depos:.t of cal],ose in the
sieve plates il 'téndér leaved of diseased palims'was noticed. Observations
on the cowpea leaves showed initiation of degeneration and necrosis 6f the
_.phloem and the adjacent parenchymatous tissues in the diseased material, a

' phenomenon corhpera.ble to thet observed 4in the diseased coconut leaves.

e **A number of ‘éxperiments’ Were carried out with adults of Stephanitis
micu Dist, collected’ from: the“field as well as with those bred in the
laboratory to study the t'elat.lonshlp ‘of the virus with this insect vector.

It was observed that a minimem of one inf'ect per cowpea was enough
to produce successful’ infection.. However, only 5 per centof the plants
‘with one insect feeding on- each ‘were’ infected.  Adults of S. typicus bred
“in the laboratory on healthy lea.yes of ‘cocohut were used to study the:
< minimum’ ‘acquisition feedivig period ‘required for an adult ‘insect to become
infective,’ Irfection was obtained from those that were fed for 2 hr. but
not from those fed for'l hr. 45 minutes. When a minimum of 10 adults’ per
plant were used after an acquisition feeding for 24 hr., infection Was_
obtained after a 16 hr. infection feeding. The insects- were-found“¥o-Tetain
infectivity up to 22 hr, after acquiring the virus.

" Bveh 4 to 5 year old seedlings in the early stage of’ dlsease were
,”i'ound to be effective gources of the v:Lrus. Trees ih all age groupe and

‘ advanced sta.ge.

x oo {_r\'-, " ",;' AR "_-‘,'}

Sixteen per cent infestion wae obtalned from a “mixed: sampllng of
insects collected from both healthy and diseased coconut seédlings, without
any prior acquisition feeding. . The percentage infection obtained from
samplés ‘of insects collected from dlseased seedlings was hS and that from
insects collected from healthy seedlirig ‘was 1l per cent.

These findings indicate that S. typidus is=a ~véttok of the ¥irus
capable of .spreading it in the field. .The spread is accentuated by
favourahle factors like (1) active source 6f virus since disgased trees

of all dge.groups, and trees in the early. stage of. diaease_ qr_e _.infective
(2 .occurrenoce of. the. vector in large numbers on. coconuﬁ trees.and (3) a
bort. acquieition feeding period of 2 hr. ,The spread is . limited by
ﬁ%ﬁ”ﬁ ;such.ag. (l),“eluggl.eh moyement af. t.he ingeéct . (2) semi-persistent \
ugg 91‘ the yirus (3) the. low perceQ_tage of infec’give insects and . . .
1) okang J;r)pgbatiop per,lod of vlrus Ih the ’t;reerbEI’ore symptoms become -
:_,a.pggrent., And ithe igreqol;ecomes in.fect,:!,ve. bt ai

© ey R [

i I R P . R ':;.i‘.., Tt iv..":" : OIS
Phxsiolog; al studie '

) The rate of loss of water from the surface of healthy and diseased
palms was studied, It was found that the fresh weight/dry weight ratio and
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_, the loss of weight of leaf tissue per sq. cm. per minute are significantly
higher :!.nL the disea.sed palme than that in the corresponding healthy o
- " The- orga.nic and inorganic contents in the root—sap collected’ i‘rom
the cut ends of roots were higher in the diseased than in the healthy -
palms. These studies indicate that uptake of water by a diseased palm
-maynob: have been’ ‘affected much although ‘the loss of permeability of .
root cells ‘due to' root ‘damage may have led to indiscérimingdte ‘entry of e
‘minerals and possibly other eubetances also into the shoot.

"It Was observed that tanmn content of middle and outer leaves
of diseased palms in middle and advanced stages of disease was eigm.flcantly
higher than:that in healthy, In tender leaves the increase was not sta-.
tistically” ‘'significant. Failure’ to get consistent results in infectinty
tests with diseased coconut leaf extracts on cowpea may be due to the
denaturing of v:.rus by tann:ms du.ring extraction, -

Dlgease res;stance : '

Investiga.t:.one on the heritability of the disease and diseass
resistant capacity of indigenous and exotic varieties from healthy areas
indicate ‘thdt the progenies of healthy parents in the diseased tract as
well ae hybride from a healthy tract behave almost’ simllarly when planted
in a dieeaﬂed ‘tract, ‘The percentage ‘disease incidence was lower in these
twd“groups as compared to the progenies of diseased ‘parents. Among
indigenous and exotic varieties tested, Chowghat dwarf, Andaman, Laccad:.ve,

[Phi].i.ppi.ne, New_Guinea, Cochin-China and Ceylon were found to be
: susceptible. o _

. . - . l'
1 XA SRR . BT AR R

T lE’n‘.ud:n.es on thé: role of poiyphenols in inltlating metabol:.c
defence Yeactions has béerf"etarted. >

K ‘A Hew' projeet*to study the pattern of spread of the disease has ~
recently’ béén’ ‘started. ‘Five plots representing.various soil types of
Kerald hdve béen’ selected in areas of new spread of the disease. These
plots /hi¥e a “single locus’of infection ‘either in'a single infected tree -
or in a’'few infected palms close to .a diseased one, -Studies consist of -
testing: ‘6f“soil; roots ‘and leaves of the infected and neighbouring palms
and inféétivityiof Stephdriitis typicus on cowpea. ‘Analysis of soil and.
leaf tissué"for Heficient or accumulated nutrition-and -scil microfloral .
population and microbiological activity, - The.information'is hoped to be
utilised for evolving practical methode of control of (pread of disease _
in new areas. P L e
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“*

Control

Studies have been initiated with inhibitors of viral activity
both in the tissue as well'as in the soil. o

Roots of cowpea seedlings raised in infective ‘soil were surface
sterilised with O.1 per cent mercur‘c thloride before transplantation °
to sterilised soil. No infection was obtailned when 3.to 5 day old :
seedlings were treated whereas control seedlings washed with water .alone
were infective, This shows that mercuric chloride possibly interferes
with'the infectiVe principle at the prepenetratiin’stage. =~~~ 7

Experiments:have been started to study the effect of chemicals,
soil fungicides, namaticides‘etg. on infectivity of soils, o

There is no direct evidence yet available to prove that the
coconut root (wilt) disease is caused by a virus. Available information, -
however, points out.that the causal organism is a-biological agent similar
to a virus. The slow spreading nature of the disease is encouraging
and provides plenty of hope for an effective control. '



