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Abstract

' coconut palms in the world are susceptible.

The symptoms are described, including presence of MLO in the pthOm
Chemotherapy against MLO is effective. Myndus crudus is considered to be the

-..vector in® Florida.

.palms to 7-15 months in mature palms.

been achieved.

" Resistant coconut cultivars and hybndes, notably
Maypan, respectively, developed in Jamaica have been planted in large numbers.
Selectlon and breeding of resistant strains continues so as to broaden the

- ~genetic base of resistance as a defence against lethal yellowing mutants.

s‘tance testing is now being done in Africa.

sy control

other palm species,

‘Malayan Dwarf’

L

in W. Caribbean islands, Florida-and
diseases are found in W. and E. Africa.

Some60% of

- The incubation period ranges from 3-6- months in young
Artificial transmission has not yet

and

Resi-

Largescale tetracyclme therapy has been used in Florida as ‘a temporary-

“A MLO-associated lethal declme, similar to Lethal yellowing, affects 22
including Pheoniz spp.

Qua!antlne and field sanitation are of doubtful efflcacy but cannot be neglected.

Introductlon

Thus review ls-:mamly,pased
upon the author's 21 years’ ex-
perience with .lethal yellowing
(LY)  on GCaribbean.. isands .and
Florida. However, references are
also made to diseases with ' simi-
lar symptoms in W: andi E. Aftica.
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" D_lstrlbntxon and lmportance

The disease was first reported
by the Marquis of Sligo in 1834
in Grand, Cayman (Johnston,
1912). In Cayman ls, Jamaica
{ Romeny and Harries, . 1978 ),
Haiti (Leach, 1946) and Florida
(Ennis, 1980) LY has destroyed

most of the tall varlety of coco-
nut palm, -with correspondingly
large economic losses and rep-
lanting costs. Of the 6 million
susceptible palms in Jammaica in
1961, 909, were lost by -1981.
Some 400, 000 valuable decora-
tive coconut palms died in Flo-
rida between 1971 and 1981,
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The disease is less serious but
spreading in Bahamas ( Leach,
1946) and Dominican Republic
(Romney, 1970). In eastern
most susceptible palms have died
and been replaced by resistant
strains ( Romney and Harries
1978A). A serious recent deve-
lopment has been the confirm-

ation of LY in Yucatan (Mc Coy,.

1982). Harries (1978) estimated
that 62% of world coconut palms
are vulnerable to LY in future.
It should be mentioned that lethal
decline with symptoms resembl-
ing LY affects some 22 other
palm species in areas of Florida
where LY occurs [Thomas, 1980]

and large numbers of Phoeniz
palms in Texas [Mc Coy et al,
1980].

Symptoms

Lethal yellowing palms can be
distinguished fairly reliably from
healthy palms. Symptoms compri-
se progresswe leaf yellowing,
commencing “with the oldest leaf
premature nut-fall ( sometimes
unilaterally,) necrotic young in-
florescences (both open and un-
open) and necrosis of the distal
portion of the spear leaf. These
aerial symptoms are accompanied
by root rot .(Eden-Green, 1982).
Shortly before the first visual
symptoms, growth increases then
declines to zero (Eden - Green
and Dabek, 1975).

With the aid of an electron
microscope, symptoms  can
include the distribution of myco-
plasma-like organisms (MLO) jn
LY- affected pa'ms, concentrations
being found in the phloem of
roots, spear leaves and young
inflorescence rachillae, i. e.sinks,
also in the flag leaf when it occ-
urs (Waters 1978). MLO have
been found in LY coconut palms
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Cuba

~ Diseases Probably

in Cuba (Waters, et al, 1980).
More recently, rapid detection of
MLO in diseased palms in Tanza-
nia has been effected using a UV
flourescent microscope and DAP|
stain (Neinhaus et al,” 1982).
The older leaves on LY-affected.
palms of the Niz vai type (most
pacific and Asian cultivars) be-
come brown as opposed to the

yellow colour for the Niu kafa
type (Jamaica and W. Africa

Talls, forexample) Visual sym-

ptoms alone are’ not; sufficient

however, to dnstmgwsh LY from
Cedros wilt of coconut palms in

Trinidad (Waters 1978 A} and
Hart Rot in Surinam (Parthasara-

thy, "1978,) the two
associated with a protczoan,
Phytomonas siakeli.

elated to LY

Coconut diseases with sympt-
oms similar to LY occur in Akrica,
viz. Cape St. Paul wilt in Ghana,
Kaincope in Togo, Kribi disease
in Cameroon, Akwa wilt in Nigeria
and lethal disease in Tanzania.
in addition, lethal bole rot in
Kenya (Bock et al, 1970) and a
yellow leaf dlsease in Mocambi-
que (Carvalho and Mendes, 1958)
have great similarity to LY.

Cause and Vector

Very considerable research has
been done over a number of years
by many workers, mainly in Jama-
ica ( Rommey, 1972) and more
recently in Florida (ICLY Meetin-
gs). The disease  spreads
unrestricted by soil boundaries,
intercrops, fertilizer practices,
etc. Studies on funga bacteria,
insects, nematodes and viruses
failed to incriminate any cause.

Epidemiological studies demo-
nstrated that a pathogen is

involved. Work py Heinze et al

latter being

(1972) strongly indicated an
air-borne vector. The slower
spread of Xaincope compared
with LY in Florida and Jamaica
suggests different vectors, poss-
ibly soil-borne in Togo [Mc Coy,
1976]. In Jamaica, the rate of
infection in regularly planted
coconut groves varies from 1%
to 15% per month [Johnson,
1975].

Heinze et al [1 972] in Jamaica

found ‘the tng:upatlon period to

be three to six months for non.

-bearing patms with highest vector

activity from February.té6 Auguss
mcluswe Foyr .to .six - months,
elapsed in Florida before seco-
ndary disease appeared near
isolated LY palms (Mc Coy,
1976].. Working- in Jamaica on
new LY outbreoks, Romney[1971]
found the incubation period in
mature palms to‘ be not less than
7-15 months.

" MLO were discovered in the

“phloem of LY-'diseased palms by

Plavsic - Banjac et al {1972] and
Beakbane et al [1972], and their

_large size and varied shapes de-

monstrated by Waters and Hunt
[1980]. The directions of research
were consequently modified. In
addition to concentrating the
vector search in the Auchenor-
rhyncha, where most vectors of
MLO-associated plant diseases
occur, the involvement of MLO
with LY was soon supported by
symptom . remission specifically
by tetracycline (Mc Coy, 1973),
an antibiotic to which enly myco-
plasmas and plant pathogenic
bacteria are sensitive.

Since the implication of MLO
in LY, many man-yeais were
spent on testing leaf-hoppers as
vectors, including acquisition.
feeding, injection of coconut sap
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and:monitoring: the :presence of -

MLO in insects using:-indicator

electron microscopy (Tsai, 1980)
(Dabek and Waters, 1980). inv
view of the much greater in¢idence’
of phloem-feeding Myadus crudus
in LY areas:[Héward, 1980] and
its wide LYLsusceptible palm host
range, : Howard- [1980A] used
large numbers of  Myndus [some
20,000 per test cage] to induce
LY ‘symptoms :[confirmed by
electron microscopy] in Manila
palms - [Véitchia  merillii], ' and
subsequently in coconuti palms.
The:large -numbers of insects
used. to reffect transmission are
consistent - with the - natural
incidence of insects in palm gro-
ves calculated :from insect trap
catches [Johnson, 1975]. Evid-
ently only a small percentage of
vector msects carry MLO orthere
is some bam&r to inoculation.
Selection * of‘“rnSect speties for
test as potentla! vectors was aided’
by numergus insect surveys m
Jamaica and. Floruda
[1975] demonstrated that Iablal
nmprmts on leaf surfaces couvd
be seen by light mrcroswpv ro
locate feedrng leaf hopper stylet
tracks

Rela'ted Dlseases
Symptomologrcally slmular dr34
eases in. Africa show othet
resemblences - to LY..MLO. are
associated with ..Cape St.. Pauyl

wilt in .Ghana- a.nd Kaincope, in-

Togo. [Dabek et al, 1976}, with
Kribi dispase.in.Camesoon [Dollet
et a/,.1977] .and . with.the lethal
disease in  Tanzania [Schuiling
- et gl. 1981]. Steiner [1976] eff-
ectnvely .treated , Kajncope with
tetr,acyclmo, zResrstance 10 these
diseases ‘.angd - LY is ' considered
later.. . - Doy

Apgil- 983,50 ¢,

. Waters

i  been-introduced

‘Attificial 'l’ransmlssmn

L e

plants ‘and: in : test. plants by ‘,,,Althoughthe assoc;agnon»of MLO

with. diseased. .palms, the effe-
ctiveness pf“tletragxg_hne therapy.

and the -apparent absence of any.

other pathogen- strongly implicate
MLO .as the cause aof coconut
LY, artifical transmission was a
major line of work in Jamaica,
not anly tosatisfy Koch’s post-
ulates but- also optimistically to
arrive at a technique for testing
coconut cultivars for resistance.
In Florida, Mc Coy and Chani-
dattan (1975 ) :demonstrated a
disease-specific antigen in phlo-
em sap from coconut and V-itchia,
which- could . not be .rela‘ed to
any. known MLO, spiroplasma or
other ‘yellows’ diseasz extract.
The lack. of a method of transmi-
ssion, even by an artifical vector,
and of an -infective extract or
culture mutually limit.research on
each other, and artifical trans—
mission _has not been effected

50 far. DA U
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Resistance to: LY

after many years of field exposure

in an area_where Jamaica Tall,

(JT) eventully suc\,{.rmbs 1002,

is presurned to be due to. resnsta—i'

&

nce.

Resistance to LY -by Malayan
Dwart (MD) was first. noted in
Jamaica by Nutman and Roberts

(1955). In a number of, replicated

field trials .planted 1962- 65, the
threecolour forms of MD..aghiex
ved 969, ﬂsurvrval [Been;. 1981].
Selection .of MD; mother palms
and nyrsery rogulng raised the
reslstance in: " later plantmgs to
99.8% [quney. L 1979),. v

.Many: coconut. ‘cultivars hav‘é

~mainly - by, .\Whitehead

intd' ' Jamfaica,

(1966
1968], and distinguished:-by diffe-

- rent fryit compasition, .fruit shape

and . gegmination. »speed.. . Thay.
were found to:-vary widsly -inresi-,
stance (Been, 1981}, nane bsing
sufficiently resistant  to  be
used directly by-farmers.: ‘The
“Ceylon Dwarf’ -
and “King Coconut’ appear:
have resistance equa!l
but only small némbers are on
trial and: hence they are being
multiplied by selfing. The ’ King
Cocount’, if resistant, wou!d be
a useful fernal’e“pa'rent in a seed
g'arden by vrrtue of its red colour.

to

Also of. possub e va ug are. two
palms introduced .into Jamalca
in. 1951 from Cuba. and  ¢ca .100
open-poliinated, . progeny. from
them., Parentsapd mos{ progeny
resemble thQ dlsease = tesistant
‘Cafe .co Lec.he type in Cuba
(Har’rles,, 1978 A)..

An introduction: wasmade mto :

Jamaica in 1933 of:seeds from
MD x ‘Niu leks’ F1. hybrid palms in
Fiji. Several generations -of :open-:

PR w49 pollimated: ‘muftiplication: has: led,
With LY, for which no inocu- -
lation technique exists, survival.

to segregation-of ‘visibje:;chatact-

ers; :but-96%:show  LY: résistance:
: [BBW; 33
r yields and high suscepfibility to
Aceria mites
_poliinated .hybrid: swamm  unsuit-
.. able for fa'rmer‘s' ‘use. A

.o\

:1981]. - However,  poor

render ‘this open-

-+

Ahhough MD |e more product-’
ive per acre” than "JT under‘good:
c¢onditiolis  (Romimey, 1991A.) it
yleids poorw under ‘poor condit.
jons.:i* "Many 5F1hybrids ‘werd
therefore '*d‘r‘ddUced’and tested'in
Janaica in the ‘hbpe of éomblnmg
Ly r@mstance ‘with tolerance to
pobr envrronmént, leadmg to the
Maypan* [MD % Panania Tall'] F1

hybrid for comn%er%rcal ‘usé [Harries

and Ffomney, “1974).
vors of *the" W"’more

The survi—
résistant’

‘Indian Dwarf .

to MD,
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cultivars mtr&dm:ed mto Jamalca
in 1966-68 were sibbed {for
multiplication purposes recently
and a number of crosses made
and put in ‘the field for test
[Been, 1979] ‘

-*.Most hybnds.with, MD as one
parent have resistance levels
between those of the parents
but generally closer to that of
the more resistant [Been, 1981].
Hybrids between 'Panama Tall
[PT] and certain cther talls have
resistance the same as or even
higher than that of the more
resistant parent. Although MD
has never been seen recovering
wholly or partly from LY, natural
partial remission of symptoms
for 1-4 years was noted by Harri-
es [1972] in PT, MDxJT and
PTxJT. Romney (1972 A) sugg-
ested that PT may have a form
of resistance dlfferent to that in
MD, and this may also be true for
other cultlvars

: »In Florida, MD and Maypan are

used extensively for. replanting,
mainly. imported from Jamaica.
The MD:x Niu: leka crosses can
also be useful since.coconuts in
Florida. are for beautification
rather than production.

Resistance to African Diseases

Resistance has not yet been
proven. against the diseases . in
Africa, although two resistance
trials were planted in 1979 . 81
in the Kaincope area, and one
trial in 1977 in an a'ea cf Krib
disease (Oilagnier, - 1980).:. no
infection had occurred: by the
end of 1982 (Wuidart, personal
communication).. Red * Cameroon
Dwarf’ [CD] is susceptible to Kribj
disease and Kaincope [Dollet et,
al, 1977]. In Ghana, CD and
green and yellow MD from Ivory

8
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Coast wereplanted in 1966 to-
gether with red, green and yellow
MD- from’ Jamaica: symptoms of
Cape St. Padl wiltbegan in 1971
and ‘fosses in every cultivar ex:’
ceeded 89°; by 1975 [ Johnson
and Harries, 1975] . ‘Ceylon Tall’
also succumbed to Cape St.Pauj
wilt  like ‘ West African Tall*
Since F1 hybrids between MD,
JT or PT mother palms and CD
pollen are showing high resist-
ance in’ Jamaica (Been, 1981),
it would appear that the West
African diseases are a dlfferent
strain of MLO from LY.

The ‘only ‘report available on
Akwa disease (Agwuand Okove,
1978] lists losses which suggest
that the disease had not comp-
leted its activity in the area i.e.
75% of 285 ‘West African’ Tall’,
229, of . 18 ye|low MD and 0%
of 25 green MD

ln Tanzania, at Kange whoro
lethal disease ‘kills only a few
per cent of °‘East African Talt’
annually, the author has observed
that ca 200 F1 hvbnd palms
[ ‘East ‘African Tall‘ Pemba
Dwart'] planted m '1974/5, are
also suffering Ilght losses Res|s~
tance trials with a number - of
cultivars and “their hybnds were
planted in Tanzania in 1981 and
1982 [ Schuiling, M. personal
communication].. . . -

' Resistance “ Trills o

Field testing is"' the bost
practical method of vesnstance
assessment, but Harries [19788]
showed  that coconut cuitlvars of
the Niu vas type [thln ‘husk,
round”fruits, early germinauon]
are usvally much more reslstant
to LY than Niu kafa ‘type [trian-
gular fruits]. Although: the dis-
eases. in Africa may have'a ditf=

arent host range from LY, efforts
should be made to include Niu
oni type 'in African resistance
trials. = Harries ‘slso reasons
that some LY-resistant indivi-
duals might be found .in even
highly susceptible cultivars: germ
plasm collections by Whitehead
{1966, 1968] consisted of one
seed per tree in an attempt to
gather any resistance that might
exist-a method which is to be rec-
ommeénded. To produce resistant
dwarf x tall F1 hybrids, the pollen
source should be those individuals
of tall cultivar which survive the
disease. Thuslosses of Maypan to
LY declined from: a -mean of 10%
in those first tested to aimost
zero -in . later -plantings- aS“l;Y
ellmmated susceptlble PT..

Il

_Howard et . al [1979] fcund
that most _of .the palm species
susceptublo in Florida to. lethal
decline are  of. o'd World origin
and none are _native. to the W,
Caribbean or Florida. They attri.
buted the relatively small . Iosses
in the botamcal gardens. whlch
they studled to_the plant dlvor‘
slty there. However MD x JT in
five resistance trials in Jamath,
showed 8 mean resistance of
only 77%, yet survived 95993 and
98% in two mono-hybrid plan-
tings of 1, 000 and 400 palms
respectively  [Romney, 1972 ]
Resistance to a cultivar varies
from one resistance trial to anot-

- her, presumably dependmg upon

variability of LY: mtdnsny ‘but
also upon the extent ‘to. which
some survivors are escaped which
may die later= thé 77‘3:, resnstance
cited for MD x JT is the ‘mean
of figures ranging from 66"/{, to
95% at different sites. To’ identify
a’ cultivar’ with ' a resistante; level
high enough for ‘comrercial ' farm--

ing several resistance trials shoutd

" Indian Coconut ‘Joutnal



~ Been;B. 0. (1879).-

be- operated, dnd g euitivirsdlel

cted for farmers only if it hds
adequate resistance at all, sites.
It follows that” the disease sho-
uld be at, or spreading into,
each site planted as a. resistance ;
trial, and adequate numbers of

the known susceptible cultivar

should. be plantied .at. the same

time.;as “‘contrqls®, ..Regular..ins-
pections (ca monthly) of each
test plant are necessary to dist-

inguish LY -losses . from other«cauv
ses: ‘bud rot, leaf spot, fire, dro- ..
can. .

ught, grazing animals, etc.
cause extensive losses.

" Practical Measures Versus LY

Quarantine measures in Jama-
ica ‘and- Florida comprise leqis-
lation against movement of living
cocoenut plant material out of LY
areas, although there is no evide-
nce that this contains the disease.
In fact, some 600 JT seedlings

raised from saeds coJlected from ;

parents with LY symptoms, and
planted in two disease free areas,
showed no case - of LY .over
seven years of observation Ne-
vertheless, MD seeds sent to

Ghana'in 1965 were harvested 'in -

disease-free areas of Jamaica
because of the possible existenca

of different strains of LY. Mbvem--

ent of living plants from LY to
healthy areas should be avoided
because of the additional’ rigk 6f"
transferring infective vectors.

e

L2

“perhaps because

“Field sanrtattdn ‘ by felllng
affected palms 'was 'not ‘convin-
cmgly effective. in Jamaica,,

wndespread ‘afd was’ abandoned
partly. .because of the.cost. Even
the method used by Romney
(1971) — trunk injection of sy-
stemic insecticides into appare-

‘ntly healthy patms in 1.5 ha-and
arsenical poisoning of palms ‘in,

0.5 ha around single palms out-
breaks — was ineffectiti'\‘/e
Chemotherapy is used on a
large scale for decorative coconut
palms in Florida as a partly
successful tempo[ary LY control-
whilst registant, palms are grown
[Ennis, 1980] . In Jamaica, with
commercial coconut palms, ch-

‘emotherapy was - rejected due’

mainly to the cost but also to
“the hazards of tetracyclme resi-

- dues particulary. in ‘erndosperm.

Resistant cultivars and hybrids
have beenused extensively. Some

four million MD:and 0.1% million -

Maypan F1 hybrids were esta-

‘blished: in Jamaica between 1962
and 1979 (Romney, 1980), mainly -

where LY continued to be active
in mature JT.:Such‘underplanting
was dictated by farmers’ needs

to re-establish their groves, but
also sérved: to’demonstrate the «
very high LY resistance of MD:

and Maypan. However, if there

"is'ni6 reservoir of LY'in alternative
hosts, this lengthy e.xposu're may'

- Reférenéte’s

LY was. so.

.usually: do

spread to determine

. ration,

i‘ncrea_s'w‘ei“”the:- opportuhity for iy
"' LY mutant to attack resistant
gultivars.. Over the years, occas.
iopal. MD ave died of ‘the
disease. * With LY and Tanzanian
fethal digease,, plants begin, to

die at age three years or Iess,

hence some can be replanted,
but this .is..hardly possible -with
Kaincape and Kribi disease which
not affect palms
younger than seven years old
(Ollagnier, 1980). Some 15 palms,
mdinly -MD, near Montego Bay,
‘Jamaica, were recently observed
by the author to be dying with
symptoms ‘resembling LY: adver
. 100 palms with LY are reported
to -havé been cut down since
early 1982. Several affected

‘MD were found to contain MLO

(Waters, H, personal communi-
cation). It is understood (Barrant,
C. 1., personal communication);
that the Coconut Industry Board
is monitoring symptoms and
whether

these losses are due to a Ly

‘mutant attacking cultivars pre-

viously. - resistant, angd hence

whether quarantine, fie'd sani-
tation, chemotherapy and further
testing for resistance need

. be .instituted.
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