Wilt of Palmg

13.2 Studies on the transmission and nature of the pathogen

associated with the root (wilt) disease of coconut in
Kerala

(Mrs.) P. Shanta,
Central Plantation Crops Research Institute,
Regional Station, Kayamkulam, Kerala, India.

The root (wilt) disease of coconut in Kerala is one of the three
major diseases of this crop with an unknown aetiology. The other
two diseases are the 'Cadang - Cadang' disease in the Philippines

and the 'lethal yellowing' in the north - Carribean Islands and
the Florida coast. '

- Spread over nearly 250 thousand hectares of coconut land,
the wilt disease is widespread in the southern and central dist-
.ricts of Kerala, where considerable damage is caused to the crop.
The spread is not continuous, and pockets of healthy coconut
gardens are often seen in the diseased tract. It is found in all
soil types - sand, sandy loam, clay as well as laterite. Although
the intensity of the disease is more or less the same in hilly
laterite as well as in sandy low laying areas, the rate of spread
is cbhsiderably more in the latter soil type and in the clayey
reclaimed and alluvial soils subject to periodical flooding.

The disease is not lethal, quite unlike the Cadang - Cadang
or the lethal yellowing. This is a debilitating malady where an
affected tree gradually stops yielding nuts in the advanced stages
of the disease. However, the leaf rot disease, caused by the
fungus Helminthosporium halodes, superimposes itself on the wilt
affected trees and together these cause fast deterioration in the
general condition and yield.

Although trees of all age groups are susceptible, young
trees in the pre-bearing stage and those that have just started
bearing succumb to the disease fast. The damage done to the
crop at this stage is also the createst since affected ones in
the pre-bearing stage may not flower at all or may do so very
late with a poor yield. On the other hand, the yield is not
affected much if a tree is diseased after the y_eld pattern'is
stabilized (Ramadasan & others, unpublished). Symptoms have not
been noticed on seedlings less than four years ~ld. '

Flaccidity of leaves is the important prir .ry symptom, often
accompanied by marginal necrqsis and yellowing 'f leaflets,

The nature of spread of the disease and _ : type of symptoms
produced suggested that the disease is of path: jenic origin.
Varghese (21? originally suggested a virus as . possible cause in
1934. Systematic work by Menon and Nair (6, 7) showed the
association of the soil inhabiting fungi Rhizoctonig solani,

R. bataticola and Botryodiplodia theobromae with rotting of roots
which proved to be a major secondary factor in the disease comp-
lex. Since their investigations on the pathogenicity of several
"bacterialand fungal isolates showed them all to be of secondary
importance, they tended to-support the earlier theory of a virus
.origin for the diwease. .
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Studies on the soils showed that in general the coconut
soils are poor.in nutrientsfnggpecially calcium, available potash
and total exchangeable bases. Nutrient ratios, Particularly
K,0/Mg0,  K,0/Ca0, N/K.0, reported by Varghese et al. (20),
suggested impaired metabolism,

TRANSMISSION OF THE DISEASE

Coconut

Seedlings and young palms with an extract of the diseased leaf
tissue in 0.1 M phosphate buffer, Very early symptoms of flac-
cidity appeared 8 to 12 months after the first inoculation., ' In

1s connection, it is interesting to note the method of inocu-~
lation reported by Price et al. in 1968 (10) in the tran

smission
of lethal yellowing at Florida. Nagaraj and Menon also reported

the transmission of the disease through the banana lace wing bug
Stevhanitis typicus Distant which fecds and breeds extensively
on the leaves of the cocomt. Shanta et al. (16) confirmed the
results of Nagaraj and Menon on the transmission of the disease
in extensive field trials conducted with trees of different age
groups (Table 1). It was found that percentage infection of
older trees was low and that it was highest in the 6-15 yr age
group. No symptoms were seen on seedlings below 4 years old.
This corroborates the observations in the field that trees in
the flowering stage. are the most susceptible, :

These inoculation tests for transmission of the disease
were, however, conducted in the field in a heavily diseased
tract and hence, although indicative, were not conclusive
proci of transmissibility. The tests were therefore repeated
by Snanta et al. (17) on young healthy coconut.seedlings grown
in 75 cm tall cement pots of 75 em diameter, inside an insect- )
proof screen house, Twenty 2-year old West Coast Tall seedlings
obtained from a disease-free area were planted in sterilized
s0il in these pots. Tender leaf (diseased) extracts in phosphate
buffer were gameared on the youngest leaf of 6 seedlings at bi-
weekly intervals, new pairxs of 6 leaflets being inoculated each
time; 200 mesh carborundum was used as abrasive. Controls were
inoculated with distilled water. Six seedlings were used for
insect transmission tests with adults of §. typicuss 20-25 adults.
fed for 24 h on diseased coconut leaves, were allowed to feed
for about 10 days on a few leaflets of a young opened leaf,
Fresh batches of insects held in muslin bags were fed on the same
seedling every two weeks. For soil transmﬁﬁsion tests, roots
from diseased trees, washed and cut into all pieces, werxe ~
incorporated in the soil at the base of 2“geedlings. The ear-
liest symptom of the disease appeared on one of the 6 seedlings
inoculated by the abrasion method 2-1/2 years after the first
inoculation. At the end of 3-1/2 years 5 of the 6 seedlings
showed some flaccidity of leaflets, stunting and pPaling of
leaves (Table 2). Positive symptoms were obtained on cowpea
(Vigna sinensis Endl.) indicator host with 4 of the, 5 diseased
seedlings. Two seedlings inoculated by 8. tyvicus and one
: : A YA ~L AAY LY e rhreanl €] AarcdAddy of Jeaflets:
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stunting and paling. The soils at the base of all the infected
scedlings were found to be infective when tested 4-1/2 years
after the inoculations were started. Exact field syrptoms
were not reproduced in the infected seedlings in this experi-
ment. Neverthelass, the primary symptoms of the disease charac-
terized by flaccidity of leaflets, paling and stunting of leaves
were produced. Necrosis of leaves did not develop and the roots
did not rot. -The roots were later inoculated with R solani
which caused considerable damage to the roots. More recent
work (3) has shown that marginal necrosis of leaflets which is
an associated symptoms of the wilt disease is caused by the
secondary pathogen Pestalotia palmaxrum.

Indicator host

The association of a graft transmissible pathogen with the
disease which was transmitted mechanically to the test pPlant
cowpea was reported by Shanta and Menon (14). \A very large
number of plants were inoculated by them and about 75% infec-
tion was obtained. The symptoms observed were a malfoxration
and 'vein clearing' of the first 1~3 trifoliate leaves when
inoculations were done on the” 7th or 8th day after sowing. The
subsequent leaves were normal, the symptoms produced apparently
being a shock-reaction. Closer examination of the incculated
plants showed that the malformation of leaves was due o the
necrosis of the cells of the leaf primordia. Similarly, the
'vein clearing' was caused by the failure of development of
the parenchyma tissue on the lower surface of the veins. The

- necrosis of cells was so severe at times that the terminal bud

“was completely affected in which case the axillary buds often
developed into shoots.

Insect transmission

The symptomsy on cowpea were also reproduced by forcibly feeding
adults of S. typicus fed previously on diseased coconut leaves.
About 45% of the adults collected from the field from the coconut
palms at Kayamkulam, a heavily diseased tract, were found to be
infective. When forcibly fed, the vector required a threshold
feeding of 2 h, and a transmission feeding of 18 h. Adults re-
tained infectivity only for 22 to 24 h (19).

Soil trga: smission

The pathc jen is also soil-borne (5, 8). It has been a conmon
- observat' »n in the field that when a new seedling is planted
after tu. removal of an older diseased tree, it takes up infec-
tion ver, early. When soil from the base of diseased trees was
collecte. and cowpea sown .in it, infection of cowpea seedlings
was noticed 10 to 14 days after sowing, the symptoms produced
being the same as when it was mechanically inoculated or when
~fed with infective S. typicus. A number of unknown samples
were routinely tested for infectivity by Holmes in 1965 by this
method. The symptoms were reproduced when clay and silt frac-
tions of infective soil were separated out and were rubbed on
the primary leaves of cowpea. The incorporation of roots of
diseased trees, the crushed xoot extracts or. even the root sap
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«1ATICA

fyrom discased trees in sterilized soil whore

S CLEAs WeXe scun,
producaced inizction on cowpea (Tablc 3. . Sterilized soil in pots
vhere artificially infected cowvpaa was grown for akout 6 RTCTRIeR
or more was found to have become infoctive. Infedétivity wao
cnhanced whzn the roots angd elso the entiye plonts woerxe finely
chopped and incorporated insthe soil.  Leachatos from discased
soil w=2re also infective. The scils from thc bac

e cf potted
coconut secdlings used for transmission trials in the insect-

proof screcn house wore also found te be infactive alter the
symptons were apparcnt, for a year or two. Apyparently, the
pathogen is released through roots. Soil camples from a higaly
diseased coconut garden from where all trees vore removed, werxe
found to be still infuctive 28 months after raioval oi the r;ah.u
This also indicates the comrparativaely high stability of the
pathogen under natuxal conditions (r13).

Transmisgion int® other palias

The pathogen was also tranaeitiod artificielly to coeodlings of
Ll cormen axeea rmut, Axoon cohochu Lin, (11).

Mochanical ino-
culation Ly the 'ﬂvh:f‘icn meibod was done with crude infoctive
sap from coconvt ioaves every fourth month.  Sintcen montho
after the fixrst -,nc,-ula-Lion,. G of the 12 inocculatced m.u’lw: ge
developed cevere necerosis along wvaeins o= tH

W
two leavaes. The pathegen was doetocted in tikes

WGl st one ¢

l'l

¢ se.-ugillng:-; wien
indened on cowpra-  Whe subscouent leaves appeared noymal, thao
symphoms arrarently boeing mﬂ" a chock-~rcacticon as in the cacoe

L cowxa. i Ol pataa (I 7.» SRS AIY BA S IR B SR AN IS (:.g.,) s othe ot

band, at deasb G Ul vareddnaanary trial: i:\dic.ﬂi‘i Chat. il
coronut it is o ovebkamie host  of the pal'lmrx (12, o ovapbonms

were obucrvad o 2 YRy old coudliings whoen i ‘\gu}dul-d axtificially,.

Hewever, when flaceidd cy of icaflets sindlar to thoh oboercad
i Lscenut vao nobticoed en gones Ll paing growing ot bhe Rocoanch
Z{.n;-..ltutc at Kayvearitwlan, they were indosed on cowplo. T o Lniine
of the 59 prolms ook d wore soon £0 he infocbeds Te wns alos

nboorved “hnt a larage number of thom got discasced at orx a}:-»i'ﬂt
+he cormenceroent of bearing-

PROPERTIES OF T PRTTIOGEN

Studies on the vhvsical propexties of the pathogen in leaf
cikracts of direarsad cocomt indicated a thewmsal donth poirt of
76°C and a Adilution ond point of 107Y. TL owans mogt o fechiue

at pH 5.0 4o 2.0 in midernpatent solutions o the cxtract. When
stored frozen, it was active fcr 9 weeks and at room tompexat ixe

o
for 3 weecks in extracked sap (15). Studies on movement of {1 e
pathogen in in~oulated cowpea seedlings showoed that it movoed
down fo thr roobs wifhin. 906 h afhey irocnlation ol vrianny:
leaves (Pable 24}, “u”owlng rhis, it was obhscrved that the
symptoms arz graft {rancmissible only if graftes were made bed rnen

cowpea ceoedlings wilthin a week after Snecnlation. -
-~
f‘or*":i”f:;r:ing #he medes of transmdcsion and the propertics of
T thogen, prelininayy tests were made at Rayan\ulam for

,.'LO"I of tobacco mosaic virus nd tokacco necrosis virus,
b without success. Judging from the poecul iar nature of symotems
on cowpoa <z~.nc1 Lnek of cvidsnce on filterability, Holmes (4) sug-
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gested that this might be a spirochaete or a virus-like pathogen.
PURIFICATIQN

High concentration of tannins in the coconut tissues was found
to interefere considerably with the purification of the patho-
gen. Recently; Summanwar et al. (18) reported the purification
and isolation from diseased coconut material of a rod-shaped
virus (320-360 mpa X 24-25 nup) which produced local lesions on
Chenopodium amaranticolox from which it was passed on to
Nicotiana glutinosa and other test plantsa The method of puri-
fication used by themiwas extraction in distilled water followed
by 2 cycles of differential centrifugation. However, repeated
Dbioassay tests with extracts from diseased coconut leaves and
“roots at Kayamkulam, purified by the same method, failed to
produce any local lesions on C. amaranticolor or N. alutinosa.

Further wokr is being done to standardize a method of nuri-

fication and to see exactly how the tannins interfere in the Pu=~
rification work,

CQWPEA TEST

Recently cowpea has ceased to respond to inoculation, both mecha-
nical as well as by S. typicus. Studies with differcnt buffers
and the incorporation of different chemicals commonly used in
virus ektraction, in the exxtracting solutions failed to infect
cowpea (1, 2). Studies on the environmental factors that n1gnt
influence susceptibility of cowpea showed that sudden changes in
the environment, especially temperature, had a profound influence
cn susceptibility of cowpea. Yet, it is not clear hew 2z host
plant which was once so unifonaly susceptible to the pathogen
should have lost this property now.

An ertensive searxch for a suitable test plant among the
local weeds, hoth monocots and dicots, is in progress, but so
far it has been unsuccessful. :

DISCUSSION b

It may be seen from the data preecnted above that an infectious
agent causes a systcmic, apparently mild, disesase on coconut
which now se2cms to be manifested by mild or severe flacecidity
of leaves. This by itself does not apparently cause much damage
to the crop. However, coconut being a perennlal plantation crop
with a really long life span of 80 to 100 yr is liable to be
attacked by many soil inhabitants which may not get a chance to
invade the oxrdinary seasonal crops in the normal courcse of events.
All defects of monoculture are likely to appear in this crop.
Thus, a natural assumption resulting from th® present investiga-
tions on the wilt disease is that in the wake of the primary
pathogen, by itslef mild perhaps, all secondary oxganisms, soil-
borne as well as air-borne, find a way into the tissues orf the
palm, the result being a devastating, complex diseasc.
. . _

The soils of Kerala are well-Xknown for their deficiency of
S calcium and potassium., An induced deficiency of magnesium and
the abnormal leaching of nutrients by the heavy monsoon waters
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result in severe vyellowing of léaves throughout the coastal sandy

tracts. Yellowing thus: naturally becomes a part of the wilt
disease complex, . :

The problem on hand is the identification of the rathogen
and the standardizationof a technique for its isolation ang
easy diagnosis in soils and tissues. So long as cowpea was
showing symptoms, the type of symptom produced or~the nature of
the pathogen causing this were not of immediate concern. But
now it has become imperative that a method is devised for te
detection of the pathogen. When the virus isolateéd by Summanwar
et al. (18), is finally confirmed as the causal agent by patho-
genicity trials and/or by its constant association with the
diseased trees alone, a major step towards solving the aetiol
of the disecase could be considered as accomplished. Concerted
efforts are made towards that end now.

I wish to thank Sri K.V. Ahamed Bavappa, Director, Central
Plantation Crops Research Institute, Kasargod and Dr. S.B. Lal,
Joint Director, Central Plantation Crops Research Institute,
Regional Station, Kayamkulam, for their interest and encourage-
ment in these investigations, and Prof: T.S. Sadasivan for giving
me an-opportunity of presenting and discusging this intriguing
problem at this Symposium.
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