58

FAO PLANT PROTECTION BULLET!N\;

Y [

The Possible Cause of Lethal Yellowing Disease

of Coconut

K.G. Heinze,' FAO entomologist/virologist, M. Schuiling, FA0 associate expert, and D.H. Romney, Coconut Industry

Board, Kingston, Jamaica

" The devastating disease of coconut palm
known as lethal yellowing in the Caribbean area
has been reported in the Bahama Islands (18),
Cayman Islands (29), Cuba (8,21), Dominican
Republic (28), Haiti (18), Jamaica (5, 10, 18) and
Key West, Florida (20). In Togo this disease is
known as kaincopé (9,24), in Ghana as Cape St
Paul wilt (19, 31) and, in Surinam, Coronie wilt
is believed to be similar but with a different strain
of the causal agent involved. Although no def-
inite conclusion has been reached concerning the
inciting factor for the syndrome of lethal yel-
lowing, it has been regarded by most investiga-
tors as an infectious disease caused by either
bacteria, fungi or viruses (i, 4, 5, 11, 12, 13, 14,
15, 17, 26). Information on the ecological con-
ditions favouring the development of the disease
is also limited.

On the basis of symptomatology, typical lethal
yellowing can be distinguished from other leaf
spot disease and also from bud rot. In young
palms with lethal yellowing disease, the first
symptoms of yellowish discoloration on distal
parts appear on the oldest leaves, whereas bud
rot is characterized by brown discoloration and
decay in the youngest leaves and the spear while
the older leaves remain green. Decay of the
spear and the partly folded leaves are symptoms
of the last stage of lethal yellowing disease.
This period of slow decay may last for several
months. The symptoms in bearing palms are
premature nut fall, blackening of young inflo-
rescences, premature opening of spathes and
root rot. The discoloration of the inner part
of the cabbage is accompanied by a typical
odour, which is a good diagnostic feature (4).

1 Present address: Biologische Bundesanstalt, 1 Berlin
33, Dahlem, Kénigin-Luisestr. 19, Federal Republic of
Germany.

end of the observation time.

The present paper reports the results of inves-
tigations that were undertaken to determine
whether a virus might be the causal agent of
lethal yellowing disease.

Mode of disease spread

In an experimental plot containing both San
Blas (now called Panama Tall) and Jamaica Tall
palms and a few Malayan Dwarf hybrids at
Silverstock, near Buff Bay, Jamaica, the progress
of lethal yellowing was observed over a period
of about three years, beginning in October 1963,
when only two palms showed symptoms of
lethal yellowing (Figure 1). In 1964-65, seven
new cases of the disease were observed, five near
the first outbreak and two at some distance
from it. Subsequently, lethal yellowing spread
like a vector-transmitted disease through the
plot, sometimes jumping across several rows of
coconut palms (Figure 2). At the end of 1966,
nearly half of the palms at Silverstock were dis-
eased or dead (Figure 2), with about 30 to 40
palms being infected each year; further increased
incidence of infection was noted toward the
The diseased
palms in this plot were presumably the sources
of infection, but new introductions of lethal
yellowing into the plot from outside during the
observation period cannot be excluded. The
manner in which the disease spread strongly
indicates a vector-transmitted disease.

Evidence for an insect vector

Although experimental transmission trials
at Caenwood with suspected insect vectors
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Figure 1.
of the disease during the following year.

failed, it was concluded that lethal yellowing is
an infectious disease (with an airborne vector),
the causal organism probably being a virus or
a mycoplasma-like body.2 Eighteen insect-
proof cages (3 x 3 X 3 metres) supported by
slotted aluminium frames were erected and
five young healthy Jamaica Tall palms were
planted in each one, either in drums or in the
soil (Figure 3). One year later, five more similar
cages were erected, each enclosing five palms,
with the centre palm three years old and the
outer four one year old. In two cases the centre
palm was diseased and in the remaining three
cases it was healthy (Figure 3). A number of
palms planted between the cages remained un-
protected (most were one or two years old by
1970 but some were three or four years old)
and were thus exposed to natural infection.
To test whether the fauna of the undergrowth
had any influence on the transmission of lethal
yellowing, the area was divided into four sub-

 2In research institutes in Yonkers, New York, East Mal-
ling (England) and Berlin mycoplasma-like bodies were
found to be associated with lethal yellowing disease.

® Malayan Dwarf Hybrid

g Diseased Cct. 63

The first outbreak of lethal yellowing in a coconut grove at Silverstock/Buff Bay in 1963 and the spread

m&i Diseased Jan.64-Sept.64

% Diseased Jan.65

plots, all of the undergrowth was carefully
removed and the subplots were maintained
clean, whereas the undergrowth was allowed
to grow on the other two subplots and was
merely slashed when it became too luxurious.

Fifteen of the older unprotected palms were
infected with lethal yellowing, showing distinct
symptoms by April 1970. In May-June of the
same year, six more of the older palms were dis-
eased, three more in July-August and another
by the end of November. None of the exper-
imental coconut palms in cages showed any
signs of infection up to October 1970.

In November 1969 the cage was removed from
one group of palms and one of the palms was
diseased by June 1970. A second cage was
removed in February 1970 and two of the palms
were diseased by November 1970. Insect
transmission trials were also carried out during
this time, but as they were unsuccessful it was
concluded that the correct vector species was
not being utilized. However, it was evident
that the cages gave full protection against the
vector species moving around in the area. The
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Figure 2. The progress of lethal yellowing at Silverstock/Buff Bay in 1965 aﬁd 1966.

results also exclude the possibility that soil
organisms are vectors of lethal yellowing (17),
since some of the palms in the cages were planted
in the soil.

Among the one- and two-year-old unprotected
palms no disease was detected in July-August,
but seven palms showed symptoms in September,
as did five more in October (Figure 3). This
suggests that very young palms have some re-
sistance to the disease, as the first symptoms
did not appear before September, whereas 25
of the 28 older palms were displaying symptoms
by October-November 1970.

Incubation period of the disease

With reference to the cases in which the palms
became infected after the cages were removed,
on both occasions the trees were exposed for
a period of seven to nine months before the
first symptoms were observed. If infection
occurred soon after cage removal, the results

imply that an incubation period of seven to nine
months is required in this disease system.

In a “‘transfer experiment,” sets of healthy
palms in drums were transferred from Kingston
to a diseased area, Fair Prospect, for two to
three months and then returned to Kingston
for further observation. The first set was
transferred in May 1969 and subsequent trans-
ferals were made every one and a half to two
months. One palm of the first set which was
exposed to infection for two months developed
leaf symptoms at the end of August and necro-
sis at the beginning of September 1969. The
syndrome was fairly typical of lethal yellowing
and quite unlike bud rot. The period between
initial exposure and the appearance of symptoms
was therefore about three and a half months.
One palm in set 4 which was exposed for three
months showed symptoms of lethal yellowing
after five and a half months, but died during
the observation period. All other sets of palms
were exposed for a period of three months, and
the period of time between exposure and symp-
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Figure 3. Experimental plot at Caenwood, groups of coconut palms in cages, and interplanted uncovered palms.
O] Insect cages covering five coconut palms l""d'l Cage removed, date indicated
(o] (® — in drum, © — in soil) 10O
O Cages 1, 21 were erected in 1/70 around a 1©__9
diseased three-year-old palm, and four one-
year-old palms
Cages 2, 7, 19 were erected in 1/70 around
a healthy three-year-old palm, and four (@) Palm planted beiween 6/66 and
one-year-old palms 6/67. Date indicates when symp-
All other cages were erected in 1/69 (five toms of lethal yeilowing were
one-year-old palms in each) observed
X Palm planted between 10/69 and

tom development varied from four and a half to
nine and a half months, within and between sets

(Figure 4).
the diseased

Control sets of palms not taken to
area were placed adjacent to the sets

4/70

brought back from the diseased area, and they
did not become diseased. The apparent in-
cubation time on young nonbearing palms could
therefore be between one and a half and nine
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Figure 4. Period of exposure and time of symptom appearance in “ transfer experiment.”

and a half months. The most likely incubation
period is three to six months, as a part of the
exposure time occurred in that period in all
cases of disease except one.

All but one of the cases, set 5, fit into this
range (Figure 5). It would appear that the in-
cubation period for sets 5, 6 and 7, exposed from
January to July, was longer than for sets I, &
and 9 exposed from May to September (Figure
4). Sets 2 and 3 exposed from July to November
did not become diseased. In spite of the fact
that the percentage of infection was low in all
sets, symptoms were expressed within the lim-
ited period August to December, irrespective
of the months of exposure. As the experiment
continues, the development of a definite pattern,
i.e., February to August inclusive (Figure 4),
might indicate the period of activity of the
vector. If this period corresponds to a par-
ticular insect group found in traps, this group
can be strongly suspected as the vector.

Experimental control studies

Although proof is lacking concerning the
cause and method of transmission of lethal
yellowing disease, its rapid spread in some parts
of Jamaica warranted experimenting with con-
trol measures in areas which were free of the
disease (26). Only when from one to four
diseased palms are concentrated in a small area,
remote from the main diseased area, such as
the primary outbreak shown in Figure 6, is
eradication of the source of infection likely to
be effective. Healthy palms within a radius
of approximately 100 metres of the outbreak
were treated with malathion, chlordane and
white oil using a mist blower (see Table I).
In later experiments the palms were injected
with a systemic insecticide, usually dimethoate,
which was introduced into a hole bored in the
tree trunk to kill infective vectors on and around
the diseased palms. Ten to fourteen days later,
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“transfer experiment.”

the same diseased palms were poisoned by
injecting sodium arsenite into the trunk, and
palms were also treated within a 50-metre
radius.

At Passley Garden (Figure 6), the first case
was treated in February 1969 and the next two
cases in August 1969 (although several poisoned
palms failed to die). However, by 23 March
1970, 56 palms were newly infected. On 15

after exposure in the

May, 80 diseased palms were scattered across
the field, mostly in the vicinity of the first out-
break, but some were isolated and at a consid-
erable distance from the outbreaks. Infection
of some of the palms probably occurred from
outside, and perhaps a few were infected before
poisoning. The treatments appear to have had
no effect on limiting or eradicating the disease.

The reappearance of the disease at nine of
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performed to control lethal yellowing.

the treated sites (Sail Rock, Frontier, Darling-
ford, Unity I, Greencastle, Sand Ground,
Hordley, Winchester I and Church Corner, as
shown in Table 1) occurred after periods vary-
ing from 7 to 15 months, and then only in a
comparatively few trees. 1t is doubtful whether
the low number of new cases can be attributed
to the control treatments used. No new cases
occurred at four wuntreated sites (Sandside,
Bowden I, Harbour Head and Springfield) until
10 to 17 months later. The other four untreat-
ed single tree outbreaks at Suffolk, Ducken-
field, Bowden 1I and West Rhine had no new
cases 11 months after the first case appeared.
The six treated sites at Holland, Arcadia, East
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experimental poisoning with sodium arsenite was

Rhine and Winchester 11, IIT and 1V had also
exhibited no spread by December 1970, presum-
ably because the incubation period was not yet
complete. All of these 23 outbreaks are con-
sidered therefore to differ from the Passley
Garden outbreak and similar ones. Certainly,
the ecological conditions at the eight untreated
sites do not favour rapid spread of the disease.
It was not possible at the time of writing to
make a final judgement as to whether the treat-
ments used have resulted in a degree of control,
as not enough time had elapsed for possible
new cases to occur around the treatment sites,
but in general the treatments had no obvious
effect. By January 1970, several treatment sites
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TABLE 1. — TRIALS TO ERADICATE FIRST OUTBREAKS. TREATMENTS AND RESULTS TO DECEMBER 1970
Site First disease Treatment * Results

Sail Rock
Frontier
Darlingford
Sandside
Passley Garden

(palm 1)

Passley Garden
(palms 2, 3)

Unity I

Derry (palms 1-4)

Derry (palms 5, 6)
Unity 1T

Greencastle
Greencastle Coast
Muirton

Muirton

Pen 1
Muirton
Pen 11
Quebec

Sand Ground

Holland

Arcadia

East Rhine

Hordley

)

Month|Year
11/68

12/68
1/69
2/69
2/69
8/69
3/69
4/69

7169
7/69

4/69
8/69
5/69
6/69
9/69
9/69
9/69

12/69

12/69
12/69

12/69

mist blower 0.8 hectares (twice)
poison - 12 palms

mist blower 1.2 hectares (twice)
poison - 27 palms

mist blower 0.6 hectares (twice)
poison - 18 palms

no treatment

mist blower 0.8 hectares (twice)
poison - 18 palms

dimethoate - 30 palms (twice)
poison - 77 palms

felled - 28 palms; crowns misted
and burnt

poison - 140 palms

poison - 48 palms

dimethoate - 50 palms (twice)
poison - 35 palms

poison - 23 palms (no insecticide)
dimethoate - 25 palms (twice)
poison - 28 palms

poison - 48 palms (no insecticide)
dimethoate - 178 palms (twice')
poison - 92 palms

dimethoate - 50 palms (twice)
poison - 21 palms

dimethoate - 80 palms (once)
poison - 34 palms

dimethoate - 75 palms (twice)
poison - 65 palms

bidrin,
palms (twice)
poison - 91 palms

dimethoatc - 66 palms (twice)
poison - 65 palms

dimethoate - 61 palms (twice)
poison - 39 palms

dimethoate - 107 palms (twice)
poison - 53 palms

azodrin or dimethoate - 200

4 new cases 10/69
(11 months later)

4 new cases 3/70
(15 months later)

2 new cases 10/69
(9 months later)

12 new cases 7/70
(17 months later)

many new cases occurred every
few weeks after 8/69

2 new cases 6/70
(15 months later)

subsequent cases appeared every
few months

no new case by 10/70
no new case by 3/70; many cases
7/70 (7-11 months later)

subsequent cases appeared every
few months

new cases appeared 11/69 and
frequently thereafter

new cases appeared 3/70 and
frequently thereafter

4 new cases 7/70 (10 months
later), 2 in 8/70 and 1 in 10/70

no new case by 12/70
no new case by 12/70
no new case by 12/70

several new cases
months later)

11/70 (11
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TABLE 1. — TRIALS TO ERADICATE FIRST OUTBREAKS. TREATMENTS AND RESULTS TO DECEMBER 1970 (concluded)

Site First disease J Treatment ! ’ Results
Month|/Year ‘
Winchester 1-TV 12/69 4 separate single-palm outbreaks 275-365| new case at Winchester 1 12/70
| metres apart. All outbreaks injected,| ([2 months later)
‘ but IV not poisoned
Church Corner ‘ 1/70 i dimethoate - 32 palms (twice) symptoms 12/70 (i1 months
poison - 68 palms later) in poisoned palms which
did not die
Bowden T 1/70 no treatment 1 new case 12/70 (11 months
: later)
Harbour Head 1/70 no treatment 2 new cases 12/70 (11 months
later)
Suffolk 1/70 no treatment no new case by 12/70
Duckenfield 1/70 no treatment no new case by 12/70
Bowden II 1/70 no treatment no new case by 12/70
West Rhine 1/70 no treatment no new case by 12/70
Springfield 2/70 no treatment 3 new cases 12/70 (10 months
later)
|

1 Treatments consisted of: Mist blower - 0.5% malathion, 0.5%; chlordane and 2.5% white oil; Tnsecticide injec-
tion - azodrin (120 cc of 5% pellets); or bidrin (25 cc of 24%{ solution); or dimethoate (100 cc of 7.5 % solution).

Poison injection - sodium arsenite (100 cc of 15% As20a).

was repeated at an interval of two to three weeks.

showed further cases of disease. In view of
the cost involved, it was decided that no more
experiments would be performed until the ex-
isting ones had time to show conclusive results.

Conclusions

Since mechanical transmission of lethal yel-
lowing disease of coconut palm, including the
use of bufters and an abrasive (22, 25), was not
successful in Jamaica, one of the essential
proofs for the viral nature of this disease is
missing. It is not known which organism was
transmitted from palm to palm by Roberts et al.
in Florida (22, 25), but it does not seem to be
the agent responsible for the development of
the “‘Jamaica’ lethal yellowing syndrome. The
lethal yellowing disease pathogen is very active
(4, 5), killing a tall palm in 7 to 15 months and
a young one in 3 to 6 months, The climates of

Where treatment was carried out more than once, it

both Key West, Florida, and Jamaica are well
adapted to coconut growing; any slight dif-
ferences between the two territories are not likely
to influence transmissibility, whether the causal
agent is a nonpersistent, mechanically transmis-
sible virus (2), or a semipersistent or persistent
one which is not transmissible by mechanical
inoculation methods, or a mycoplasma.

Other proof was therefore sought to confirm
the viral nature of lethal yellowing disease.
The mode of spread of the disease in the field,
as demonstrated in Figures 1, 2 and 6, is quite
typical of viral diseases, although this alone is
not conclusive proof of a causal virus. However,
the experiment with cages at Caenwood and the
transfer experiment Kingstone-Fair Prospect
(diseased area)- Kingston seem to leave no doubt
that a disease requiring a transmitter is the cause
of lethal yellowing. Nematodes would seem
to be excluded as a cause of lethal yellowing
(5, 17). The present study supports this con-
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clusion, since the transferred palms were in
drums and many of the palms under cages at
Caenwood were not protected against soil
nematodes. The cages were able to protect
palms against transmitter of lethal yellowing,
but the unprotected palms of the plot were
infected. Cage removal was followed by in-
fection of some of the previously protected
palms. The only disease agents with a spe-
cialized vector are viruses. (Some exceptions
are a few typical fungal and bacterial diseases
which produce unmistakable symptoms and
well recognized stages of their life cycle in or
on the plants. In many such cases, the insects
operate only as an additional transmitter of
the airborne spores.)

A further proof of the viral nature of the dis-
ease is the incubation period after infection.
There are indications that the incubation period
in a young coconut palm ranges between 3 and
6 months, and in an old and bearing palm not
less than 7 to 15 months. These long incubation
periods are typical of viral infections, but nor-
mally not of infections by bacteria or fungi.

It was not possible to prevent the spread of
lethal yellowing disease by insecticidal sprays
or injections, together with poisoning or felling,
against the supposed vector. Failure may have
been due partly to difficulties in the application
of insecticides; sprays by mist blower do not reach
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all of the leaves, especially in very tall trees.
It has even been found that a systemic insec-
ticide applied to the upper side of a leaflet does
not pass through to the lower surface. The
amount of insecticide injected into tall palms
must be extremely high to have an effect on the
insect population, and this tends to be an uneco-
nomic practice.

Summary

Research studies on the cause and mode of
transmission of lethal yellowing disease of co-
conut in Jamaica demonstrated that the vector
is airborne. Insect-proof cages protected palms
from the disease: natural infection occurred only
after cage removal. The time interval between
cage removal and first symptoms, together with
early data from an experiment in which coconut
plants in drums were transferred to the dis-
eased area for a definite period and then returned
to a healthy area for observation, indicated an
incubation period of approximately three and
six months. Experiments on control of new
natural outbreaks of disease in mature palms ap-
peared to be unsuccessful, but they indicated an
incubation period of not less than 7 to 15
months.
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