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Detection of lethal yellowing phytoplasma in embryos from
coconut palms infected with Cape St Paul wilt disease
in Ghana

J. 0. Nipah®, P. Jones® and M. J. Dickinson®*
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This study investigated the potential of seed transmission of Cape St. Paul wilt discase (CSPWD) in coconuts. PCR
amplification was used to assess the distribution of phytoplasmas in parts of West African Tall (WAT) palms infected
with CSPWD. Employing phytoplasma universal primer pait P1/P7 in standard PCR, or followed with a nested PCR
using CSPWD—spevific primer pair G813f/AwkaSR, phytoplasma infection was detected in the trunks, peduncles, spikelets,
male and female flowers of four infected WAT coconut palms. Through nested PCR, phytoplasma was also detected in
four of 19 embryo DNA samples extracted individually from fruits harvested from three of the four infected palms and
was confirmed as CSPWD by cloning and sequencing. Subsequently, CSPWD phytoplasma was again detected in five of
33 embryos from nine infected palms, and in one of eight fruits from two symptomless palms. Fruits from infected palms
recorded higher percentage germinations in two feld nurseries (average of 71:0%) compared to fruits from healthy palms
{average of 57-6"0}, and matured fruits that had dropped from infeeted paling showed the same fevels of germination
as those harvested directly from the palms, This indicates that infected fruits rerain the ability to germinate whether
harvested or dropped. No phytoplasnias were detected in any of the resulting seedlings and plantlets obtained through
embryo in-vitro colture. Therefore, although phytoplasma DNA can be detected in embryos, there is as yet no evidence
that the pathogen is seed transmitted through to the seedling to causc disease in progeny palms.
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landless poor in the rura) coastal communiries. 1t is the
main source of livelihood, providing food, fuel-wood,
drink, cdible oil, fibre, animal feed and building materials
with minimum capital outlay (Ofori & Nkansah-Poku,
1997). The occurrence of an LY-like disease which is locally
referred to in Ghana as the Cape Saint Paul wilt disease
(CSPW) has resulted in severc economic hardships in the
coconut producing communities along the coastal belts in

Introduction

lLethal yellowing (LY) is a devastating phytoplasma-
assactated diseasc of coconut (Cocos micifera) and at least
35 other palm species in the Americas (McCoy et al., 1983;
Harrison et al.. 1999). Lethal phytoplasma-associated
diseases of coconut have also been reported in East Africa,
West Africa and Indonesia (Ashburner et al., 1996; Oropeza

& Zizumbo, 1997; Jones, 2002). Because of similarities
in symproms between these diseases and LY, they are
collectively referred to as LY-like diseases (Eden-Green,
1997). In Wesr Africa, 1Y-like diseases have devastated
plantations il Nigeria, Cameroon, Toge and Ghana (Dery
et al., 1997, Mpunami et al., 1999). All these lethal diseases
of coconut have been associated with phytoplasmas,

In Ghana, the coconut palm is the most important crop
along the coastal belt, and offers employment opportunities
to several disadvantaged groups, including women and
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affected West African countries. CSPWD, like other LY-
like diseases, is characterized by premature nut fall and
necrasis of both newly opened and unopened inflorescences,
followed by successive yellowing of the crown, progressing
from the Jower leaves undil the whole crown turns brown
and breaks off leaving the bare trunk (McCoy et al.,
1983). The local West African Tall (WAT) variety, which
is the major type in almost all plantations in Ghana, is
highly susceptible to the disease, with 100% devastation
recorded in many plantations. Against this background
the government of Ghana, in collaboration with the
governments of France and Céte d’lvoire, launched an
intensive research programme in 1981, which led to the
identification of some individuals and ccorypes with high
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resistance/less susceptibility to the diseasc in Ghana. The
Sri Lanka Green Dwarf (SGD) variety was ranked as
highly resistant and the Vanuatu Tall (V1T) variety also
exhibited less susceptibility to CSPWD. The hybrid between
the Malayan Yellow Dwarf (MYD) and VTT was also less
susceptible (Dery et al., 1997, 2005; Nipah, 2000).

Although coconut breeding programmes are constantly
searching for disease resistant germplasm, variations
in phytoplasmas associated with LY-like diseases may
contribute to differential resistance among coconut
ecotypes in different parts of the world (Ashburner & Been,
1997; Harrison & Oropeza, 1997). The identification of
promising genotypes in Ghana could hold major prospects
for coconut producing countries in the West Africa sub
region, which are likely to be affected by the same strain
of phytoplasma. However, there is a major concern that
LY-like phytoplasmas, including CSPWD, could be secd
transmitted. This possibility has wide ranging implications
for the coconut breeding programme in Ghana, because
almost all varieties introduced into the country for hreeding
purposes have been planted within areas which are prone
to disease attack. Therefore, if CSPWD is seed transmissible,
progenies of any breeding programmes could not be planted
in disease-free regions, since it would amount to introducing
the phytoplasma into these areas. Such fears have led to
rescarch programmes .involving the production of pure
secds from varieties located originally in CSPWD areas,
for conservation in disease-frec regions within the country,
being turned down by funding authorities. The local coconut
restarch programme is also prevented from exporting
even resistant germplasm to neighbouring countries for
collaborative research purposes, because officials of the
Plant Protection and Regulatory Services do not have the
necessary scientific basis to make such important decisions
concerning safe movement of germplasm.

By definition, phytoplasmas are phloem-restricted
mollicutes. Dollet (2002) indicated that of more than 600
phytoplasma diseases known at that time, none had been
reported as being transmissible by seed, and that the same
applied for phloem restricted viruses. However, Harrison
& Oropeza (1997) reported that pathogen-specific PCR
revcaled the presence of lethal yellowing phytoplasma
in at least one seed from fruits of three coconut palms
exhibiting primary stage symptoms, following 40 cycles
of PCR.

Such findings, however, have not resolved the controversy
of possible seed transmission. The Food and Agricultural
Organization (FAQ) and the International Board for Plant
Genetic Resources (IBPGR) recommends that exchanges
of coconut germplasm be carried out in the form of zygotic
embryo in vitro cultures, in order to remove the risk of
introducing new pathogens via the nut {(Anon., 2002).
However, whilst embryo culture may reduce such risks,
there is no scientific basis to conclude that it will com-
pletcly remove the possibility of seed transmission, and
not all coconut producing countries have the facilities
or the expertise to effectively handle embryo cultured
germplasm. Furthermore, the recommendation appears
to be based on the belief that infected embryos are

unlikely to germinate. This study was therefore carried
out with the broad objective of determining whether
CSPWD phytoplasma can be seed transmitted. This
involved an initial assessment of the extent of distribution
of CSPWD phytoplasma DNA in parts of the inflorescence
of an infected palm, with particular interest in the female
flowers which eventually develop into the fruit, followed
by an assessment of the presence of the pathogen in the
embryos from infected palms. The chances of such embryos
germinating and the possibility of the resulting seedlings
containing phytoplasma were also studied.

Materials and methods

Plant DNA Extraction

Genomic DNA was extracted from the trunks and
inflorescences of healthy and CSPWD-infected WAT coconut
palms in Ghana using a CTAB extraction method. Trunk
samples were obtained with the aid of 2 motorised hand-
held drill, which chips out phloem tissues in the form of
sawdust. To avoid cross contamination from plant to
plant, the drill bit was rinsed in 0-5% sodium hypochlorite
solution, flamed and cooled in alcohol between palms.
Trunk tissue (1 g] was mixed with 5 mL of CTAB extraction
buffer (20 mm EDTA pH 80, 100 mm Tris-HC] pH 80,
2% CTAB, 1.4 m NaCl, 2-mercaptoethanol in sterile
distilled water). To obtain DNA from the peduncle, spikelets,
male flowers and female flowers of each inflorescence, and
from the apical leaves of field nursery seedlings, 1 g tissue
from each of the components was crushed with a hammer
in 5 mL of CTAB buffer while sealed in transparent
polythene bags. Samples were then left in the CTAB for a
period of 48 h, with occasional mixing by inversion. One
millilitre of each sample was poured into a 2 mL tube and
DNA was extracted with chloroformfiso-amyl alcohol
and precipitated with ethanol using an extraction protocol
of Daire et al. (1997). Total DNA from whole embryos,
Jeaves and roots of embryo cultures was extracted using
the DNeasy Plant Mini Kit (Qiagen) protocol. Embryos
were excised with the aid of sterile cork borers,

PCR amplification of phytoplasma DNA

Total plant DNA samples were screened for the presence
of phytoplasma by PCR in 25 gL reactions using ‘Ready
To Go PCR beads’™ (Amersham Pharmacia Biotech)
containing 15 ng template DNA and 100 ng of cach primer
in an MJ Research PTC200 thermocycler Forward primer
P1 and reverse primer P7, which are general for phyto-
plasmas (Deng 8 Hiruki, 1991; Smart et al., 1996) were
used to amplify 1-8 kb of the 16S rRNA phytoplasma gene.
Amplification was carried out with an initial denaturing
temperature of 94°C for 1 min 30 sec, followed by 35
cycles of 94°C for 30 sec, 56°C for 50 sec and 72°C for
1 min 30 sec, and a final extension at 72°C for 10 min.
Where no phytoplasma-specific band was amplified after
the standard PCR with the general primers (as was the
case in all embryo samples) a nested PCR was carried out

Plant Pathology (2007) 58, 777-764



Transmission of phytoplasmas in coconut embryos 779

with CSPWD phytoplasma-specific primer Ghana 813f
{§"-CTA AGT GTC GGG GGT TTC C-3') and Awka SR
(3-TTG AAT AAG AGG AAT GTG G-3) (Tymon,
1995). Except for an annealing temperature of 53°C in the
nested reaction, all other PCR conditions were as before.
PCR products were visualized on 1% agarose gels stained
with ethidium bromide.

~ Restriction Fragment Length Polymorphism (RFLP),
~ doning and sequencing

- Samples yielding visible DNA bands after the nested PCR
were examined by RFLP using restriction enzyme Rsal.
Five mucrolitres of PCR product was digested for 4 h at
' 37°Cina 10 gl reaction volume using Q-5 units of enzyme.
" Digested products were run on 2% agarose gels stained
with ethidium bromide. Nested PCR products were
doned using the Promega pGEM®-Teasy Vector System
doning protocol (Promega). Colonies were amplified by
~ PCR with the universal primers M13For and M13Rev
- included in the kit. The cloned products were cleaned
- using Gen Elute™ PCR Clean-Up Kit (Sigma) before
- sequencing. Scquences werc processed on both strands
using 2 Beckman Quickstart kit technology which uses
WellRed Dye chemistry (infra-red dyes), with a CEQ 8000
Genetic Analysis Systern, manufactured by Beckman Coulter.

Germination of fruits in ficld nurseries and
embryo culture

Matured seeds which were harvested directly from
CSPWD infected palms and those that had already dropped
from the palms were germinated either conventionally on
secdbeds or through embryo in-vitro culture. Two seedbed
nurseries were established in disease-free conditions within
sealed mesh ciges following recommendations of the
STANTECH manual {Santos et al., 1994). The cages and
nursery beds were regularly sprayed with insecticides at
14-day intervals to prevent contact with insects. The rates
of germination were noted and leaves were sampled from
germinated seeds three and six months after nursing for
PCR analysis. The upper parts of apical leaves were
sectioned as close as possible to the growing point without
killing the seedling, and crushed in CTAB buffer for DNA
extraction. For embryo culturing, endosperm cylinders
with embryos were sterilised for 20 minutes in 10% sodium
hypochlorite solution and washed in three changes of sterile
water before the embryos were removed under sterile
conditions. Embryos were surface-sterilized in 1% sodium
hypochlorite for 10 minutes, rinsed three. times and
noculated on liquid Y3 media as developed by the PCA
(Philippine Coconut Authority) and the CPCRI {Central
Plantation Crops Research Institute) which had been
slightly modified by excluding activated charcoal and
adding 1 mg L™* BAP (6-benzylaminopurine) and 0-5§ mg 1!
NAA (Batugal & Engelmann, 1998). Cultures were
incubated in darkness for four weeks after which devel-
oping embryos were transferred to fresh PCA Y3 liquid
medium and maintained in a 16 h photoperiod at 22°C.
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The plantlets were transferred to fresh medium after every
4~6 weeks, and those with differentiated leaves were
sampled. A total of two plantlets from healthy palms,
three from symptomless palms and 12 from diseased
palms were sampled 3 and 6 months after culturing and
tested for the presence of phytoplasma. DNA was extracted
from sections of leaves, leaf sheaths and roots.

Results

Detection of phytoplasma in different parts of infected
coconut palms

To assess the distribution of phytoplasma in parts of the
inflorescence of an infected palm, total DNA extracted
from the trunks and inflorescences of one healthy palm
and four CSPWD-infected coconut palms (palms 1-4)
were screened by PCR. The healthy palm was located at
Ayinasie, approx. 10 km from the disease front. A total of
ninetcen matured embryos were harvested from palms 1,
2 and 3, and one from each of these three diseased palms
was included in the PCR screening. Palm 4 did not have
any matured fruits. After a standard PCR with general
primers P1 and P7, bands of 1-8 kb, the expecred size for
the partial ribosomal operon of the phytoplasma, were
clearly amplified in total DNA extracted from trunks,
peduncles, spikelets, male flowers and female flowers of
infected palins (Fig. 1), In the case of formale flowers, only
one of three samples from infected palms showed the
band. No visible band was present in any of the three
embryos included in the screening and in the organs of the
healthy control.

Negative P1/P7 PCR reactions were used as templates
ina nested PCR, using primers G813F and Awka-SR. Visible
bands matching the size of the 16S rRINA gene segment of
the CSPWD (889 bp) were observed in all floral samples
from infected palms. The embryo from palm 3, as well as
male and female flowers from the healthy palm, also
showed visible bands of the same size (Fig. 2).

Assessment of 16 embryos from diseased palms for the
prescnce of phytoplasma

Following the observation of bands in products from all
parts of the inflorescence, and in one of the three embryo
products in the initial study, a more comprehensive
screening was carried out on the remaining 16 embryos
harvested from palms 1, 2 and 3. These comprised three
embryos from palm 1, 11 from palm 2 and two from palm
3. DNA from the peduncles of the three palms, a positive
control and a negative control were included as checks.
After PCR using primers P1 and P7, products from all
three peduncles and the positive check produced discrete
bands of 1:8 kb. No bands were visible in any of the 16
embryos. When all the products were subjected to nested
PCR using primers G813f and AwkaSR, three of the 16
embryos produced the right sized bands (889 bp). These
included one of the three embryos from palm 1 and two -
of the 11 cmbryos from palm 2 (Fig. 3).
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Figure 1 PCR amplification from coconut
trunks, parts of the inflorescence and embryos
with primers P1 and P7. The presence of a

1-8 kb band indicates the presence of
phyloplasma DNA in the sample. DNA samples
from: lane 1, healthy paim trunk; 2-5, trunks of
palms 1-4; 6, healthy palm peduncle; 7-11
peduncles of paims 1, 2, 3 (a and b), 4; 12,
healthy palm spikelet, 1317, spikelets of
paims 1, 2, 3{(a andb). 4; 18, healthy paim male
flowers; 19-23, male fiowers of paims 1,2, 3 (a
and b), 4; 24, healthy palm female tiowers; 25
27, fernale flowers of palms 1, 3 and 4; 28-30,
embryos of palms 1-3; 31 and 32, positive
control; 33 and 34, negative control. M= 1 kb
ladder. infected palms 1 & 2 wera at the first
stage of the disease while 3 & 4 were al the
second stage.

Figure 2 Nested PCR arnplification using
primers Ghana 813f and Awka-SR of sampies
that did not show any band in Figure 1A

889 bp band indicates the presence of
phytoplasma DNA. DNA samples from: lane 1,
healthy trunk; 2, heaithy peduncie; 3, healthy
spikelet; 4, healthy male flower: 5, healthy
temale flower; 6, paim 1 paduncle; 7. palm 4
male flower; 8, palm 1 female fiower; 9, palm 3
fernale flower; 10, palm 1 embryo; 11, paim 2
embryo; 12, palm 3 embryo; 13 and 14, positive
contral; 15, negative control.

Figure 3 Nested PCR products from embryos
and peduncles using primers Ghana 813F and
Awka-SR. DNA samples from: lanes 1-3, paim
1 embrycs 1-3; 4-14, paim 2 embryos 1-11;
15-16 paim 3 embryos 1 and 2; 1719
peduncles frompaims 1, 2and 3. #
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500bp__
Figure 4 Restriction digestion of nested PCR
products obtained from embryo and coconut
palm trunk samples. Lanes 1-5, uncul nested
PCR products ampiitied with GhanaB13f/ 100 bp
AwkaSR; lanes 6-10, fragments resulting from —

digestion with Rsal. Lanes 1, 2, 6 and 7 were
from embryo samples and lanes 3, 4, 5, 8,9
and 10 were from trunk samples.

Yable 1 Seed germination of coconut palm in field nurseries

Healthy Diseased Symptomiess

Nursed embryos Germination (%) Nursad embryos Germination (%) Nursed embryos Germination (%)
Sekondi Nursery
Dropped 2 1 (50°0) 11 9(81-8) - -
Harvastad 13 8(615) 12 10(833) 6 2{33:3)
Total 15 9 (60-0) 23 19 (826) 6 2(333)
Accra-BNRI Nursery
Dropped 4 2({500) a1 14{667) - -
Harvested 14 8(57-0) 17 11(64-7) 6 3(500)
Total 8 10 (55-6) 38 25 (658) 6 3(50:0)
Overall Totals a3 19 (67-6)° B1 44 (721) 12 5(41-7)

*Means differ significantly (P < 0-05) according to Fishers LSD test.

' RFLP, cloning and sequencing

To confirm that the observed bands resulting from the
nested PCR were of phytoplasma origin, they were
digested with the restriction enzyme Rsal. The enzyme
should produce two resolvable fragments of 498 bp and
326 bp and four smaller ones of 4, 16, 21 and 24 bp,
which cannot be resolved on the 2% agarose gel. Rsal
digestion of the nested PCR products resulted in the two
expected fragments (Fig. 4).

Cloning and sequencing of these PCR products also
showed all the nested products to be of the same strain.
Blast results from the sequences of products from embryos
and trunks showed perfect alignment with the 165 rRNA
gene of the CSPWD phytoplasma (Acc. No. Y13912),
which is also designated as LDG-strain (lethal disease of
Ghana),

Germination of seed from infected palms, embryo
culture and seedling assessment

Following detection of phytoplasmas in some embryos
from the three palms, fresh collections of seeds were made
from two healthy, two sympromless and nine infected
palms. Healthy palms were located ar Takinta, approx.

Pian! Pathology {(2007) 88, 777-784

100 km from the disease front, and symptomless palms
were located in high disease focal areas but looked
apparently healthy. DNA was extracted from the embryos
of randomly selected seeds for nested PCR analysis to
confirm the presence of phytoplasma ahead of the germina-
tion tests, OQut of a total of five embryo DNA samples from
the healthy palms, eight from symptomless palms and 33
from diseased palms, one positive was recorded from the
symptomless paims and five from diseased palms (Fig. 5).

The remaining seeds were classified and treated as
shownin Table 1, A total of 33 seeds from the healthy palms,
12 from symptomless palms and 61 from discased palms,
were nursed in mesh cages at two disease-free locations;
Sekondi and Biotechnology and Nuclear Research Institute
{BNRI-Accra). While 19 of the 33 healthy seeds (57-6%)
germinated, significantly more, 44 of the 61 seeds (72:1%)
germinated from diseased palms. Germination of five seeds
was also recorded among the 12 seeds from symptomless
palms (41-7%). In both the Sekondi and BNRI-Accra
nurseries, higher percentage germination was recorded
among the seeds from diseased palms compared to those
from healthy palms (Table 1). Both harvested and dropped
seeds from diseased palms showed approximately equal
chances of germination. However, dropped seeds from the
healthy palm were too few to compare with harvested ones.
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Nested PCR performed on all germinated seedlings
from both Sekondi and BNRI-Accra as well as plantlcts
from emhryo cultures after 3 and 6 months of nursing and
culturing, respectively, failed to detect the presence of
phytoplasma in any of the samples.

Discussion

Plant-to-plant transmission of phytoplasmas occurs
primarily during feeding activity by inoculative vector
insects, and in some cases by vegetative propagation
-of infected plant materials or hy graft inoculation
(Kirkpatrick, 1992). However, Bottt & Bertaccini (2006)
have recently reported the seed transmission of phyto-
plasmas into 2- to 3-week-qld seedlings of tomatoes and
winter oilseed rape, and 3- to 5-month-old plantlets of lime.
Seed transmission has generally been accepted as highly
unlikely mainly because phloem sieve elements of plants

in which phytoplasma reside do not have direct connection -

to embryos. Furthermore since coconut LY-like diseases

56 59 60

Figure 5 Nested PCR products from embryos
and corrasponding coconut palm trunks.
Phytoplasma DNA was amplitied with primers
P1/P7 followed wilh G813F/Awka-SR. Lanes
1-5, embryo samples from two healthy palms:
6-13, embryo samples from two symptomless
palms; 14-46, embryo sampies from nine
diseased palms; 47, positive control; 48,
negalive control; 49, healthy trunk; SO,
symptomiess palm 1 trunk; 51, symptomiess
palm 2 trunk; 52-€0, diseased paims 1-9
trunks.

usually include premature nut fall, the production of viable
seeds may not be possible once disease infection has
occurred. However, this view is not completely true.
Harrison et al. (1994) detected phytoplasmas in some
parts of the coconut inflorescence, and i this study reported
here pathogen DNA has been detected in all parts of the
coconut inflorescence, including the female flowers. Since
it is the same cells or tissues of the female flowers that
divide into specialized cells in the fruit, in theory it should
be possible for phytoplasma DNA to be identified in any
tissue of a fruit which develops from an infected female
flower,

Field studies have established that there is an incubation
period between phytoplasma infection of a palm and the
onset of a disease. This period could be very variable
across palms, varieties and strains of phytoplasma causing
the LY-like diseases and may be dependant on the age of
the palm. In the highly susceptible Jamaica Tall variety,
incubation periods of 112-262 days have been reported
(Dabek, 1975). In one study in Ghana VTT palms that

Plant Pathology (2007) 58, 777-784
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initially tested positive for phytoplasmas in trunk tissues
have not yer developed symptoms after six years of that
study, and periods of up to 844 days have been recorded
between the first detection of phytoplasma and the onset
of disease in MYD x VTT hybrids (OPRI, 1998; Nipah,
2000), although such reports of apparent tolerance have
not as yet been confirmed by others. During this period
where development in the plant remains normal, tissues of
the inflorescence, including female flowers and therefore
developing fruits, could be infected with phytoplasma.
Indeed in this study, a trunk-sample and one from an
embryo from an apparently symptomless plant tested
positive, although it has not been confirmed whether this
palm eventually succumbed to disease, or was due to a
sampling error. Furthermore not all fruits drop prematurely
at the onset of disease symptoms. In this study, viable seeds
were harvested from infected palms some of which were
at the third stage of the disease. Again surveys of CSPWD
in Ghana have suggested the possibility of remission of
disease symptoms, where in a particular case, palms with
apparent CSPWD symptoms completely recovered from
earlier symptoms after four months of disease incidence,
althouph these palms were not tested at any stage with
PCR-based methods to confirm the presence of phyto-
plasma DNA (Dery et al., 1999; Nkansah-Poku et al.,
2003). Finally, palms infected with LY-like diseases could
remain at the early stages of the disease for extended
periods before they cventually succumb and die. Under
such circumstances, fruits that do not drop prematurely
could continue their normal development.

The presence of phytoplasma in the embryos of coconut
palms has already been demonstrated or reported by
other researchers {Harrison 8 Qropeza, 1997; Cordova
et al., 2003). This study has clearly confirmed the situation.
The presence of visible bands of the correct size in two
samples from a supposed healthy palm initially made it
uncertain as to whether the bands, including the one
observed in the embryo, were really the expected amplified
segment of the 16S rRNA gene of the phytoplasma.
Subsequent RFLP analysis and sequencing of the nucleoride
segment confirmed the bands as being of the CSPWD
phytoplasma sequence only. It is worth noting that healtchy
samples in the initial studies were collected from plantations
in Ayinasie, located only about 10 km from the disease
front. Healthy samples from Takinta, which is farther
away from the disease front, did not show any phytoplasma-
specific band. In this study, one of threec embryos harvested
from palm 3 tested positive for phytoplasma DNA in the

initial studies. In the subsequent.study involving 16 embryos,

two of the 11 embryos from palm 2 and onc of the three
embryos from palm 1 tested positive for phytoplasma
DNA. Therefore, at least onc embryo from each palm
showed the presence of phytoplasma, even though only a
small number of seeds were included from palms 1 and 3.
Similarly, in the work done by Harrison 8¢ Oropeza (1997),
at least one phytoplasma positive embryo was detected
among seeds from each of three infected palms. The final
study involving 33 emnbryos again recorded five positives
and also one positive was recorded from the eight
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symptomless samples. Considering such consistency in
the records of phyroplasma DNA detected in the coconut
embryo, there can no longer be any uncertainty about the
abilicy of phytoplasma DNA to find its way into embryos.
However, the mechanism for this remains unclear, and
until there is microscopic evidence to confirm the presence
of the organism there remains a possibility that it is the
phytoplasma DNA that enters the embryos and is somehow
protected against nuclease digestion.

The questions that now need to be addressed are
whether such infected embryos can germinate, and also
whether the phytoplasma DNA found in the embryo is
associated with viable organisms that can survive the
process of seedling development and so result in disease.
Some valid inferences could be made from the germination
percentages recorded in the two field nurseries. Two main
seed sampling tests were performed in this study. In the
first set of seeds from infected palms, four out of 19 (21%)
tested positive for phytoplasma. In the second set, five out
of 33 (15%) tested positive. If the assumption is made that
infected embryos cannot germinate then one would expect
seeds from infected palms to generally record lower
germination percentages in comparison to those from a
healthy source. However, the opposite was the case in this
study, and supports other germination records (data not
shown). Furthermore the ability to germinate was found
to be independent of whether the matured seed had
dropped or was freshly harvested from the discased palm.,
This indicates that matured embryos infected with phyto-
plasma can still retain the ability to germinate regardless
of whether the seed had already dropped from the stalk or
not. This concurs with the previous findings of Romney
(1983), who showed that when 600 seedlings raised from
seed nuts collected from discased Jamaican Tall palms
were planted in disease-free area}, they remained discasc-
free, although no diagnostic tests were performed to detect
phytoplasmas. Since the current study failed to detect any
evidence of the presence of phytoplasma in any of the
seedlings and plantlets, it is concluded that although
phytoplasma DNA can be detected in the embryo, there
is as yet no evidence that the pathogen can be seed
transmitted through the seedling to cause disease in the
resultant palm.
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