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The botanical order Arecales has but a sin-
gle family, Arecaceae, also known as
Palmae. Palm is the common name for any
flowering plant of the family. Although
many of the 2800 known species of palms
have some particular economic importance
to any given local population, only a few are
of major economic importance worldwide.

Cocos nucifera L., the coconut palm,
which originated in Malaysia, South-east
Asia, is widely distributed throughout the
tropics.

Elaeis guineensis Jacq., the African oil
palm, with its origin in Central Africa, has
now been introduced throughout the trop-
ics including Latin America.

Phoenix dactylifera L., date palm, is
native to the near East where it has been
cultivated for its fruit for nearly 8000 years.

Areca catechu L., arecanut, occurs
mainly in the humid regions of Asia and the
Malay Islands. It was introduced into India
in the pre-Christian era where it is now
widely cultivated and used as a masticatory.

*A revision of the chapter by R. Griffith and P.K. Koshy.

Metroxylon spp., the sago palms, pro-
vide a starchy food material which is
stored in their trunks as they develop to
the point of flowering. These palms are
hypoxanthic and only mature palms just
prior to flowering and death are cut and
used for starch production. These palms
are also used during and after starch pro-
duction for palm weevil (Rhynchophorus
bilineatus) larval culture for human con-
sumption in Papua New Guinea (Giblin-
Davis, 2001). Sago palms of this genus are
native to the Indonesian archipelago.

The fruits and seeds of eight genera of
the world’s palms are oil-bearing and can
be commercially exploited for oil. Only
Cocos is entirely of an Old World origin;
Elaeis has one species (guineensis) that is
of Old World origin and another (oleifera)
which belongs to tropical America. The
other six genera are considered neotropi-
cal. There are many palms that are orna-
mental and are important in horticulture
and landscaping.
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Coconut

It is generally accepted that coconut palm
originated in South-east Asia and was
capable of being transported to the
Americas and the West Indies by means of
ocean currents, as primarily evidenced by
its presence on shores and the water-resis-
tant pericarp of its fruit or coconut. Most
cultivated forms, however, have been intro-
duced to the New World by man.

Coconut palm is most adapted to tem-
peratures around 27°C with a diurnal range
of about 7°C; it does not thrive at tempera-
tures lower than 20°C and is damaged at
temperatures below 15°C. Rainfall require-
ments are about 2500 mm/year; when less
than 1000 mm/year, irrigation is normally
necessary. The absence of rain for more
than three successive months causes a
shedding of young fruit and a reduction in
fruit size. The palm does best with about
2000 h of sunlight/year, or an average of 6
h/day. Thus, with few exceptions, cultiva-
tion is limited by the 20° parallels of lati-
tude and the 500 m contour line.

The largest producers of coconuts are
Indonesia, the Philippines, India and Sri
Lanka. Significant quantities are produced,
however, from most tropical countries of
South and East Asia, East and West Africa
and the Pacific. Despite there being some
large plantations, coconuts are predomi-
nantly a smallholder crop, with the average
holding less than 1 ha.

The total world area under coconuts
was estimated in 1996 as being 11 Mha,
with a total production of over 47 Mt
(FAO, 2000). The two biggest producers,
Indonesia and the Philippines, have about
3.7 and 3.1 Mha, respectively; India is the
third largest producer with nearly 1.8 Mha
under cultivation. In all producing coun-
tries, coconuts make a significant contribu-
tion to the diet in addition to being an
important source of export earnings.

Nematodes of Coconut
Many different nematodes have been found

in diverse forms of association with the liv-
ing coconut palm, others have been found

associated in different types of symbiosis
with insect visitors of the palm, operating
and  existing in  various  niches
(Govindankutty and Koshy, 1979; Koshy
and Banu, 2002), but the major nematode
disease affecting the crop is red ring disease
caused by Bursaphelenchus cocophilus.
The only other nematode known to cause
severe damage leading to malfunction in
the coconut is Radopholus similis.

Bursaphelenchus cocophilus

The red ring nematode, B. cocophilus (Cobb,
1919) Baujard, 1989, was first described by
Cobb (1919) as Aphelenchus cocophilus
from specimens sent from Grenada. Since
then it has been known as A
(Chitinoaphelenchus) cocophilus and
Chitinoaphelenchus cocophilus (Micoletzky,
1922), Aphelenchoides cocophilus Goodey
(1933) and Rhadinaphelenchus cocophilus
(Goodey, 1960). Giblin-Davis et al. (1989b)
presented morphological evidence support-
ing the similarities between Rhadin-
aphelenchus and Bursaphelenchus. Baujard
(1989) synonymized the monotypic genus
Rhadinaphelenchus with Bursaphelenchus,
creating the new combination, B.
cocophilus. Hunt (1993) retained the genus
Rhadinaphelenchus as a monotypic genus
on the grounds that: (i) more information
was necessary to make a decision about its
generic ranking; (ii) it is an economically
well known genus with an extensive litera-
ture as Rhadinaphelenchus cocophilus; (iii)
both sexes of the nematode are exceptionally
long; (iv) host range is restricted to palms;
and (v) the genus Bursaphelenchus appears
to be an uneasy grouping of organisms.
Recent sequence data of D2/D3 expansion
segments of the LSU rRNA gene, 18S SSU
rRNA, and a partial sequence of COI mito-
chondrial DNA of 20 species of
Bursaphelenchus, including B. cocophilus,
support its  inclusion  within  the
Bursaphelenchus radiation and not in the
monotypic genus of Rhadinaphelenchus (Ye
et al., 2004d). Thus, the Baujard (1989) des-
ignation of B. cocophilus is accepted (see
Chapter 2 for description).
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Brief history of red ring disease

The disease was first reported as occurring
in Trinidad by Hart in 1905. The first inves-
tigations into its nature were by Stockdale
in 1906, who thought that two different dis-
eases were being confused because they
both culminated in decay of the bud. One
of these was red ring disease, then called
root disease, and the other bud rot initiated
by Phytophthora palmivora Butl. Barrett
(1906), however, reported that there were
few genuine cases of bud rot among the
coconuts in Trinidad and that 95% of the
losses were really due to root disease.
Nowell (1919) found that a large number
of roots examined from diseased trees in
Trinidad contained hundreds of nematodes
of the same species. They were also present
in the constant red ring found in trees in
Grenada and also in the material collected
in Trinidad by Rorer (1911). Later, he exam-
ined stained sections from many other
sources and confirmed Rorer’s earlier con-
clusion that a fungus was not the causal
organism, but noted that nematodes of the
same species previously observed were con-
stantly present in stems, leaves and roots.
The name red ring disease was then used by
Nowell (1919) and became established.

Distribution of red ring disease

At present, red ring disease has a restricted
distribution in tropical America and has
only been reported from the West Indies
(Trinidad, Tobago, Grenada and St Vincent)
and from Latin America (Venezuela,
Guyana, Surinam, French  Guyana,
Colombia, Ecuador, Peru, Mexico, Brazil,
Panama, Nicaragua, Costa Rica, Honduras,
Belize and El Salvador). It is also reported
that red ring disease occurs in Guatemala,
but does not occur in the northern
Caribbean islands, Florida, Cuba or other
parts of the world (Dean, 1979). There are
unconfirmed reports of red ring disease
from Barbados, Dominica and Jamaica, but
the European and Mediterranean Plant
Protection Organization (EPPO) considers
the disease to be absent from these coun-
tries. Some sources have reported the
nematode present in the Bahamas,

Dominican Republic and Haiti; however,
we consider these questionable assertions.
A single diseased palm was discovered in
Dominica in 1982 but, after its destruction,
there has been no further incidence of the
disease in that country. The disease in
Barbados claimed to be red ring in 1995
was found to be cedros wilt disease caused
by a protozoan flagellate (R. Griffith,
unpublished). CAB International stated in
their Crop Protection Compendium data
sheet that there were unconfirmed reports
of the nematode being present in Puerto
Rico in 2002; however, CAB International
now record it as an ‘Absent, unreliable
record’ from the country. None of the more
recent surveys has found the nematode in
Puerto Rico.

Symptoms of red ring disease

Young or adolescent coconut palms easily
succumb to red ring disease. There is no
record of any tree, once affected, having
recovered. The disease occurs more com-
monly in trees 2.5-10 years old, with the
greatest incidence in those 4-7 years old.
Occasionally, a palm as young as 1.5 years
or as old as 20 years or more may be
attacked.

The symptoms characteristically
described are those for palms of the tall
cultivar of coconuts or ‘typical’ which
grow in the West Indian islands. These
symptoms differ somewhat in the dwarf
variety ‘nana’ and also some ‘Panama talls’.
Chlorosis first appears at the tips of the
oldest leaves and spreads towards their
bases but, occasionally, one of the younger
leaves may first be affected. The brown
lower leaves may break across the petiole
or the lower part of the rachis, or they may
become partly dislodged at the base and
hang down (Plate 14A). Nuts are shed pre-
maturely either simultaneously with the
development of leaf symptoms or slightly
before. The crown often topples over about
4—6 weeks after symptoms first appear due
to associated severe damage caused inter-
nally by the larvae of the palm weevil.
However, the trunk remains standing in the
field for several months until it decays. At
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the onset of symptoms, the chlorotic yel-
low appearance of the leaves around the
stem is sometimes indistinguishable from
that of trees growing under conditions of
poor drainage or during intense drought.
The most characteristic symptoms are
the internal lesions. In a cross-section of the
stem, they appear as an orange to brick-red
coloured ring, 2—4 cm wide, and at a dis-
tance of 3-5 cm in from the periphery (Fig.
13.1, Plate 14B). In longitudinal section, the
reddened tissue may appear as two united
bands joined in the bole forming a U-shape
(Fig. 13.2). Lesions at the upper end of the
stem in the vicinity of the crown are dis-
crete, appearing first as streaks and then as
dots. The meristematic tissue in the bud
remains white and apparently healthy.
Occasionally, in some older trees, the entire
central cylinder of the stem becomes one
solid block of red (Plate 14C). There is no
putrefaction of the bud associated with red
ring disease. In the roots, the normally
white soft cortex becomes orange to faint
red in colour, and dry and flaky in texture
when diseased. In the leaves, a solid core of
mottled tissue, dull red to brown in colour,
extends from the leaf base for varying dis-
tances up to about 75 cm in the petioles.

section of coconut stem caused by Bursaphelenchus
cocophilus. (Photo: R. Giblin-Davis.)

Fig. 13.2. Longitudinal section of coconut stem showing red ring tissues in two united bands joined in the

bole forming a U-shape. (Photo: R. Giblin-Davis.)
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The disease is not recognizable exter-
nally in its very early stages. The roots,
stems and leaf petioles are already infested
and there is full development of internal
symptoms before the first external symp-
toms become visible. In the dwarf culti-
vars, the red colour gives way to shades of
brown. Thus, instead of a red ring inter-
nally, there is a brownish band. The dis-
crete spots are also brownish and the
yellow discoloration of the leaves is not
often apparent. Generally, the leaves
become dried and brown, beginning at the
tips of the leaflets and progressing down-
wards. The yellow dwarf cultivars respond
in the same way as the green and the
crosses between talls and dwarfs, or
between ‘Panama tall’ and any dwarf. They
show a browning instead of a characteristic
reddening of the leaves and stem tissue.

Biology of the red ring nematode

The chief vector of the red ring nematode
is an insect, the palm weevil
(Rhynchophorus palmarum L.), and the
biology and life cycle of B. cocophilus are
intimately associated with this and other
palm-associated weevils, such as Dynamis
borassi and Metamasius hemipterus
(Giblin-Davis, 2001) (Figs 13.3 and 13.4).
However, experimentally, it has also been
shown that red ring disease can be initiated
by the nematodes via the root system.

Studies on the biology of the nematode
were initiated by both Cobb and Nowell
around 1919. Cobb found that 50% of adult
R. palmarum and their larvae contained
the red ring nematode. As a result, he
implicated the palm weevil as being a car-
rier of the nematode from diseased palms
to healthy ones. On the other hand,
Nowell’s opinion was that the nematode
was soil inhabiting.

The general consensus is that B.
cocophilus does not build up large popula-
tions in the soil, as some of the earlier
investigators had believed to support their
early recommendations of isolated trenches
to control the movement of the nematode
(Martyn, 1953). It would seem, moreover,
that although root infection could be

induced artificially, it was not a normal
method of initiation of the disease in the
field. In the ordinary course of events, the
nematodes would not persist in the soil in
sufficient numbers to give a reasonable
chance of infection. If a persistent source of
inoculum was present, e.g. a buried red
ring trunk (which remains quite fresh for 2
weeks after burial), or if a high population
of B. cocophilus (10* nematodes/cm?®) is
artificially added to the soil in large quanti-
ties of water, the nematodes could gain
entry through damaged or senescent roots
and eventually migrate up into the trunk,
producing the usual symptoms.

Transmission of red ring nematode

Larvae of the palm weevil, R. palmarum,
feed by burrowing through coconut stems
and, when this occurs in trees with red
ring disease, they can become infested with
the nematode. Adult weevils emerging
from diseased trees carry the nematode to
new sites (Figs 13.3 and 13. 4). Nematodes
enter the haemocoel of weevil larvae via
the gut tract; in newly emerged adult wee-
vils, the nematodes can be found in the tra-
cheae, gut, body cavity and the region of
the ovipositor (Griffith, 1968a).

Survival of the red ring nematode
depends on the third stage juvenile. They
are sometimes found in tracheal sacs in the
insect, from where they can move directly
to the ovipositor of the female vector palm
weevil (Griffith, 1968a). The percentage of
palm weevils associated with red ring
nematodes (up to 100%) and the levels of
infestation (> 13,000 nematodes/insect)
can be quite variable. Evidence has been
presented which indicates a connection
between weevil size and percentage of
weevils carrying the nematodes (Griffith,
1968a). However, other results have shown
that variation in levels of infestation appar-
ently are not correlated with other vari-
ables, such as weevil size (Giblin-Davis,
1993). The nematodes are putatively
injected into the tissues of the coconut tree
when the insect deposits its eggs, normally
in a leaf axil in the crown of the tree
(Griffith, 1968a,b) (Fig. 13.3). The palm
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Fig. 13.4. Palm and sugarcane weevils known or suspected to be vectors of the red ring nematode. (A and
B) Rhynchophorus palmarum female and male, respectively; (C and D) Dynamis borassi female and male;

(E and F) Metamasius hemipterus female and male.

weevil might be considered an obligate
transportation host, whereas the coconut
palm, in which the nematode multiplies,
could be considered as the definitive host.

The palm weevil, D. borassi (Fabricius)
(Fig. 13.4), can carry close to 2000 red ring
nematodes through metamorphosis and is
assumed to be a potential vector in coconut
where it is sometimes a pest in South
America, e.g. Ecuador, Colombia and
Brazil, in unopened inflorescences and the
crown of coconut (Gerber et al., 1990;
Giblin-Davis, 2001).

The weevil, M. hemipterus (L.) (Fig.
13.4), has been incriminated as a vector of
red ring nematodes in Colombia (Mora et
al., 1994) but not in Costa Rica (Bulgarelli
et al, 1998) or Trinidad (Hagley, 1963).
Trap captures of M. hemipterus in African
oil palm plantations tend to be up to 35
times higher than R. palmarum, but the

percentage association and numbers of red
ring nematode per weevil were lower with
M. hemipterus than R. palmarum (Mora et
al.,, 1994). M. hemipterus may become
associated with red ring disease because it
attacks the pruned or damaged petioles and
frond bases of living coconut, African oil
palm, date and other palms (Giblin-Davis,
2001), which are development sites for the
red ring nematode (Giblin-Davis et al.,
1989a).

Palm and sugarcane weevils in the
Dryopthoridae, such as R. palmarum, D.
borassi and M. hemipterus, are highly
attracted to the volatiles emanating from
recently wounded or pruned palms, red-
ring-diseased palms, and moist fermenting
tissue from palms, sugarcane stalks, vari-
ous fruits and molasses (Chittenden, 1902;
Giblin-Davis, 2001). In addition, males of
these weevils produce male- and female-
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attracting aggregation pheromones identi-
fied as methyl-branched secondary alco-
hols (Giblin-Davis et al., 1996; Giblin-
Davis, 2001). The main aggregation
pheromones are (4S, 2E)-6-methyl-2-hepe-
ten-4-ol for R. palmarum (Rochat et al.,
1991; Oehlschlager et al., 1992b), and (4S,
55)-4-methyl-nonan-5-o0l for D. borassi
(Giblin-Davis et al., 1997) and M.
hemipterus (Rochat et al., 1993; Perez et
al., 1997), which are commercially avail-

able as synthetic racemic blends at
ChemTica Internacional SA (http://www.
pheroshop.com/en/home_en.htm or

info@pheroshop.com). These pheromones
work as synergists with fermenting palm,
sugarcane, or pineapple tissue and can be
used to create lethal traps that are effective
for monitoring or mass trapping efforts. In
addition, R. palmarum, D. borassi and M.
hemipterus respond to each others’
pheromones, increasing the chances that
once a weevil finds a stressed tree, other
weevils will help to overcome it and use it
as a host (Giblin-Davis, 2001). This phe-
nomenon may also increase the chances
for spreading red ring disease. In nature,
the combination of weevil recruitment
through chemical ecology and the killing
potential of the red ring nematode may
function together as a form of populational
mutualism where enhanced reproduction
of both partners is the result of the associa-
tion (Giblin-Davis, 2004).

Soil transmission has been considered
as an alternative means of spreading the
nematodes. Despite the lack of experimen-
tal proof of transmission, some researchers
have considered that insect visitors to the
decomposing palms, e.g. ants, spiders and
many  saprophagous and predatory
Coleoptera, are vectors of the nematodes to
healthy palms. By their normal behaviour,
these insects do not encounter healthy
trees either directly or indirectly after leav-
ing the decomposing, infected tree.

Biology of B. cocophilus in coconut tissues

The nematodes naturally invade only
parenchymatous tissue in roots, stems and
leaves, and artificially infested nuts. At

first, nematodes occur as intercellular par-
asites in newly invaded tissue, but later
they can be found both intercellularly and
intracellularly. In many cases, lysigenous
cavities are formed in which large num-
bers of nematodes are present. One gram
of such tissue can contain as many as
10,000 nematodes. Nematodes have never
been found in xylem vessels nor has there
been any evidence of direct damage to the
tracheal elements. Despite this, however,
many of the vessel elements in the dis-
coloured areas become occluded with
tyloses. It has been shown that the uptake
of water injected into the stems of trees is
much slower in diseased trees than in
healthy trees. Thus, one feature of the
external symptoms coincides with a patho-
logical condition due to water imbalance
in the plant.

The cause of the restriction of nema-
todes to the narrow band or ring of necrotic
tissue in stems has never been explained
satisfactorily. Nowell (1923) found no
anatomical or physiological factors in trees
which might have accounted for it. Martyn
(1953) expressed the view that the outer
limit of the red zone was determined by
the harder tissue at the periphery of the
stem and the inner limit was set by aera-
tion and water supply. Nevertheless, occa-
sionally, there is a solid cylinder of
discoloured tissue instead of just a band.
Nematodes are often found intercellularly
in white, apparently healthy tissue for 1
cm on the outside and 2.5 cm on the inside
of the red ring tissue. They are less abun-
dant here than in the body of the ring
where they are found both intercellularly
and intracellularly. It would, therefore,
appear that there are other factors which
naturally limit the occurrence and activity
of the nematode on the outside and inside
of the ring. The most outstanding charac-
teristic of all tissue invaded by B.
cocophilus is the presence of relatively
large intercellular spaces. The inadequacy
of intercellular space may, therefore, deter-
mine the outer limit. The colour of the
band appears to be a specific plant chemi-
cal reaction to the invasion, and this varies
in the talls and dwarf forms of coconut.
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Nematodes inoculated into the meso-
carp of nuts were found to have a life
cycle, from egg to egg, of 9-10 days (Blair,
1964). The red ring nematode can persist in
the diseased coconut tissue for about 3
months (Griffith, 1968b). Ashby (1921)
found that juveniles were extremely sus-
ceptible to desiccation. They died within 6
h of drying and 15 h when provided with
small fragments of tissue. The absence of
moisture for half an hour only, followed by
exposure to a saturated atmosphere for 24
h, resulted in death of the juveniles in nine
cases out of ten.

There are other nematodes species
besides B. cocophilus associated with R.
palmarum, D. borass, and M. hemipterus
(Griffith, 1968a; Gerber and Giblin-Davis,
1990a,b) that might cause some confusion
during dissections. However, all of these
additional nematode associates, such as
Rhabditis spp., have been confirmed to be
phoretic saprobionts.

Environmental factors affecting red ring
disease

The larvae of the palm weevil often die
when they develop in a tree that is attacked
by Phytophthora palmivora Butl. (bud rot)
or Micrococcus roseus Ali-Cohen (cedros
wilt disease) subsequent to the contracting
of red ring disease. Cannibalism in larvae
of the palm weevil resulting from over-
crowding often affects the number of
emerging weevils. It is known that the red
strain of M. roseus produces disease and
septicaemia in affected palm weevils.
Some ground lizards also feed on the adult
insects.

The heaviest losses due to red ring dis-
ease occur at the end of the wet season and
in the first 2 or 3 months of the dry season,
i.e. between December and March, in
Trinidad (Hagley, 1963). The abundance of
the disease may be associated with pruning
activities or with the activities of other
insects that wound the tree first, inducing
fermentation to which the palm weevil is
attracted for oviposition. The age of the
diseased palm is important since the palm
weevil rarely becomes infested with nema-

todes from old trees. Thus, there is never
an epidemic in old groves, even if aban-
doned, despite the fact that older trees can
become heavily infested with the palm
weevil alone, as seen in Ecuador.

The palm weevil is a pest in its own
right and may relate to the environment
differently. R. palmarum is a pest of the
coconut palm, the gru-gru palm and several
others. Some of the host palms are wild in
the forest and in other uncultivated areas
of Latin America, and many represent
reservoirs that could become a source of
migrant insects. However, epidemics in
wild palms have never been reported.

In many Latin American countries, there
exist different levels of attack from red ring
disease only and palm weevil attack with-
out red ring disease. In Ecuador, where the
Creole tall palms seem to have more
Panama Tall stock, the palm weevil is a
major pest and the adult insects attack
healthy trees of any age. In other countries,
such intense attack without red ring dis-
ease is quite rare, but, in Ecuador, the
insect is a pest in a habitat consisting of
several other interplanted kinds of food
sources for the weevil, such as pineapples,
papayas and sugarcane, that are non-hosts
for red ring nematode.

The effects of climate on red ring dis-
ease incidence are very apparent as one
moves from the dry southern Ceara
coconut regions to the northerly more
humid areas such as Bahia in Brazil. In
Ceara, where the dry season extends for
7.5 months, the incidence of red ring is
significantly lower than in Rio Grande del
Norte, where the dry season is for 5.5
months and less than in Paraiba where the
season lasts for 3.5 months. However, in
Pernambuco, where the dry season only
lasts for 2 months, the incidence is almost
as high as in Bahia Sul where there is lit-
tle or no dry season. The larvae of the
palm weevil can develop adequately
within the tissues of the coconut trunk;
however, the dissemination stage of the
adult is affected by the low humidity in
the driest regions where one is more
likely to find dead adult palm weevils in
the field.
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Other hosts

Although red ring is primarily a disease of
the coconut palm, it has been found in
many palms (Table 13.1) including an
unidentified species of Cocos (probably
syagrus) in the Botanic Gardens, Grenada
(Nowell, 1924), and the date palm, Phoenix
dactylifera, in the Botanic Gardens,
Trinidad. Hagley (1963) found one case of
natural infestation of the cabbage palm
Roystonea oleracea. Disease incidence was
reported to be high in the plantation of oil
palms, Elaeis guineensis, in Venezuela in
1953 (Malaguti, 1953). Nowell (1924)
reported successful inoculation of the cab-
bage and the gru-gru palm, Acrocomia
aculeata. Latterly, various ornamentals
have been artificially inoculated, among
them are the Sabal palm, Sabal palmetto
and the cocorite palm Mauritia caribea.
The disease has also been found in Brazil
on Attalea cohune, the Cohune nut.

The palm weevil does not transmit the
nematode to any other non-palm host
species, e.g. sugarcane, papaya and
pineapple. On the other hand, countries
such as the USA, which utilize the Sabal

Table 13.1. Natural and inoculated host list
records for Bursaphelenchus cocophilus.

Acrocomia aculeate (gru-gru palm)

Acrocomia intumescens

Attalea cohune (Cohune palm)

Bactris gasipaes

Bactris sp.

Cocos nucifera (coconut)

Cocos sp.

Elaeis guineensis (African oil palm)

Euterpe pacifica (?; = E. precatoria, or Mauritiella
pacifica??)

Jessenia polycarpa

Mauritia flexuosa (lta palm)

Mauritia caribea (Cocorite)

Mauritia mexicana

Maximiliana maripa

Oenocarpus distichus

Phoenix canariensis (Canary Island date palm)

Phoenix dactylifera (date palm)

Roystonea oleracea (royal or cabbage palm)

Roystonea regia

Sabal palmetto (Sabal palmetto)

Sabal sp.

sp. for decorative purposes in the presence
of the American palmetto weevil,
Rhynchophorus cruentatus, need to ensure
proper quarantine measures against both
the palm weevil, R. palmarum, and the red
ring nematode. The date palm, the coconut
and the sabal palm have all been reported
as hosts of R. cruentatus.

Epidemiology and general management
measures

Red ring disease in new groves generally
begins by infection of a 4- to 10-year-old
palm by a weevil carrying the nematodes.
The most effective management should be
implemented during the initial phase of
palm weevil and red ring disease infesta-
tion to prevent the development of an epi-
phytotic.

The rate of spread from a primary infec-
tor plant depends upon the development of
vector palm weevils within the diseased
tree. Typically, 3 months after infection,
nearby susceptible healthy trees can be
infected by a vector(s) emerging from the
infector plant (Fig. 13.3). The initially dis-
eased tree remains a source of red ring
nematode inoculum for 6-8 weeks after its
death as it continues to attract other sugar-
cane and palm weevils that might become
contaminated with red ring nematodes and
serve as vectors. Phytosanitary measures of
control are critical at this time since dis-
ease symptoms are apparent before the vec-
tor progeny emerge, and successful
intervention can prevent an epiphytotic of
red ring disease.

Emerging palm weevils disperse to leaf
axils of diseased trees or wounded trees
emitting attractive compounds (kairomones
such as ethyl acetate and ethanol) (Giblin-
Davis et al., 1996; Rochat et al., 2000). In
addition, males of R. palmarum, D. borassi
and M. hemipterus produce aggregation
pheromones that synergize attraction and
recruit conspecifics and heterospecifics of
both sexes (Giblin-Davis, 2001). These wee-
vils oviposit in newly diseased palms and
cause increased insect populations. Control
measures relate directly to the abundance
of the disease. Since all red-ring-diseased
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trees are breeding grounds for palm and
sugarcane weevils and red ring nematodes,
the destruction and removal of these trees
and the reduction of their attractiveness is
essential to preventing epiphytotics.

Specific management measures for red ring
disease in coconut

There are no simple means of controlling
red ring disease, and no effective measures
are available as yet for control of the nema-
tode in living palms. Control is based on
prevention rather than cure by the destruc-
tion of infested palm material, and by the
trapping and killing of the weevil vectors
before they spread the nematodes.

Many trees show yellowing and brown-
ing of leaves that may not be due to red
ring disease. To prevent unnecessary
destruction of trees, a ‘core sample’ of the
trunk should be taken with a 2 cm diame-
ter pipe (see below) to determine the pres-
ence of red ring disease and the nematodes
before control measures are employed.

INSECTICIDE AND HERBICIDE TREATMENTS. A funda-
mental principle in the control of the dis-
ease is phytosanitary roguing, based
primarily on the fact that the diseased
palm is the major source of inoculum and
the niche for the vector development. After
confirmation that a tree has red ring dis-
ease (see below), the leaf axils should be
sprayed with 0.1% Lannate (Methomyl)
solution to kill off the palm weevils living
in the crown (Griffith, 1971). Trees should
be killed with 100-150 ml (48.3% a.i.) of
the herbicide monosodium acid
methanearsonate (MSMA) or other herbi-
cide that is injected or placed into the
trunk. This wusually takes 2-3 weeks.
Occasionally, trees injected with MSMA
will harbour weevil larvae. Thus, the tree
should be cut and sectioned to make sure
that weevils are not present. When trees
are discovered in advanced stages of the
disease or when they are seen in a ‘broken
neck’ condition, they cannot be poisoned
with herbicides. Such trees should be cut
down and the pieces and remaining stump
sprayed thoroughly with an insecticide,

such as methomyl, trichlorfon, monocro-
tophos, carbofuran, carbaryl, imidichloprid
or lindane. If the tree is sprayed adequately
with an insecticide, all larvae and pupae of
the palm weevil that were developing in
the diseased tree will be killed. It is recom-
mended that the site be checked every cou-
ple of weeks wuntil the palm has
decomposed or that the dried out remains
of the palm be burned with the aid of
kerosene.

MASS ~ TRAPPING OF PALM WEEVILS.
Phytosanitation (removal and destruction
of red ring-diseased trees) and trapping of
weevils using pesticide-treated palm or
fruit tissue have been recommended
methods of management of red ring dis-
ease in coconut for many years (Mariau,
1968; Griffith, 1969; Delgado and Moreno,
1986). Trapping becomes significant in
reducing the abundance of palm weevils
generally and, dependent upon the den-
sity of traps per hectare, catch the smaller
percentage of vector weevils which gener-
ally visit and infect palms in the near
vicinity, one or two trees away, from the
source of infection. The identification,
synthesis and commercial availability of
male-produced aggregation pheromones of
palm weevils have significantly improved
the efficacy of the older methods of trap-
ping with fermenting tissue alone
(Oehlschlager et al., 1993, 2002; Moura et
al., 2000). Although more research is
needed in coconut, Moura et al. (2000)
demonstrated in Brazil that by using 54
100-1 perimeter traps of pheromone
(Rhyncholure; racemic 6-methyl-2-hepten-
4-ol; ChemTica International) plus sugar-
cane around a red ring-diseased coconut
plantation (54 ha) for 26 months, the R.
palmarum capture rate (> 97,000 weevils
were captured during this period)
remained constant but the red ring disease
incidence dropped dramatically. In
Tabasco, Mexico using pheromones in
guerrero-type coconut tissue traps over
several months showed a positive correla-
tion with the number of insects captured
and incidence of disease (Perez-Marquez,
1999, personal communication). Future
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research in the management of red ring
disease in coconut palm, which is a very
suitable and susceptible host for red ring
disease and R. palmarum, must examine
the efficacy and cost effectiveness of
perimeter mass trapping in concert with
phytosanitation in different situations
(small versus large crop holdings of vari-
ous aged palms) in rural tropical America.

BIOLOGICAL CONTROL MEASURES. Natural ene-
mies have not been evaluated thoroughly
for management of potential palm and sug-
arcane weevil vectors. Several organisms
may hold promise, including entomopatho-
genic nematodes in the families
Steinernematidae and Heterorhabditidae,
the prokaryote Micrococcus roseus, and
tachinid parasites, Billaea rhynchophorae
and B. menezesi (references cited in
Giblin-Davis, 2001).

Methods of diagnosis

RECOVERY OF B. COCOPHILUS FROM COCONUT TIS-
sue. The well-established methods for
obtaining samples of nematodes from liv-
ing trees are still used. A stainless steel
tube, sharpened at one end, is driven at an
angle of 45° at the point selected for sam-
pling. The extracted core is placed in a
blender with 50 ml of water and processed
for 2 min. The contents of the blender are
then poured into a dish and left for 20 min
for the nematodes to emerge. The nema-
todes are then recovered by sieving. The
red ring nematodes are often highly mobile
in water (swimming and coiling), leading
to knots of clumped nematodes or resus-
pension of nematodes after centrifugation.
In coconut and the palmiste palms, the
nematodes are most active in the stem tis-
sue except in the very necrotic regions. The
core tissue generally shows a red cylinder
of necrotic red ring tissue. In the method
originally used by Fenwick and Maharaj
(1963), diseased coconut stem, petiole or
root tissue is chopped into fine pieces
about 1 cm in thickness, placed in a large
funnel of water, whose stem is closed at
one end with a tube and clip, and whose
neck has a small plug of cotton acting as a

filter. This can be modified by macerating
the diseased tissue in a blender to release
more nematodes and then screening
through a no. 400 USA Standard Testing
Sieve (38 wm openings) before backwash-
ing into the funnel. The funnel is allowed
to stand overnight before harvest.
Schuiling and Van Dinther (1981) offer
another modification for extracting red ring
nematodes from tissue.

Radopholus similis

The burrowing nematode, R. similis, occurs
in most tropical and subtropical areas of
the world and has been reported from
coconut palms in Florida, Jamaica, Sri
Lanka and India (Van Weerdt et al.,
1959a,b; Ekanayake, 1964; Latta, 1966;
Weischer, 1967; Koshy et al., 1975). Koshy
(1986) suggested co-evolution of the nema-
todes along with black pepper and certain
cultivars of banana in the western hills of
South India. It occurs deep inside the
forests on wild black pepper and is wide-
spread on a number of crops such as
coconut, arecanut, black pepper, banana,
betel vine and ginger in south India.

Symptoms of damage

The burrowing nematode causes non-spe-
cific general decline symptoms such as
stunting, yellowing, reduction in number
and size of leaves and leaflets, delay in
flowering, button shedding and reduced
yield. R. similis infestation produces small,
elongate, orange-coloured lesions on tender
creamy-white roots. Consequent to nema-
tode parasitization and multiplication,
these lesions enlarge and coalesce to cause
extensive rotting of the roots (Fig. 13.5).
Tender roots of coconut seedlings with
heavy infestation become spongy in tex-
ture. Surface cracks develop on the semi-
hard orange-coloured main roots. Lesions
and rotting are confined to the tender por-
tions of the root. Lesions are also not con-
spicuous on the secondary and tertiary
roots since these are narrow and rot
quickly on infestation.
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Fig. 13.5. Progressive development of necrotic lesions (from right to left) on coconut roots caused by

Radopholus similis. (Photo: V.K. Sosamma.)

As many as 4000 nematodes are known
to occur in 1 g (2.5 cm length) of main
roots. The nematode also attacks the
plumule, leaf bases and haustoria of
seedlings. The above-ground symptoms
being non-specific, the only definite
method to identify an infested palm is to
look for characteristic lesions on fresh,
creamy-white to orange-coloured tender
main roots after cleaning and rubbing the
epidermis.

R. similis does not enter or penetrate the
coconut roots that have developed a hard-
ened or suberized epidermis, but does pen-
etrate the absorbing region behind the root
cap covered by very delicate epidermis by
lysis of cells. The cavities that form in the
outer cortex are always surrounded by
deeply stained and heavily suberized cells
of irregular shape, whereas those formed in
the inner cortex do not have any such
deformed darkly stained border cells. The
maximum numbers of nematodes and cavi-
ties are seen in the outer cortex (Fig. 13.6).
Nematodes have not been observed in the
stelar region or in the closely packed 4-6
layers of cells outside the endodermis even
in heavily infested roots. In the early stage
of infection, roots have separate cavities
that later merge with each other conse-
quent to feeding and multiplication of
nematodes.

Multiple cavities and their coalescence
destroy the cortex to a great extent, but the
stelar tube remains intact. Eggs and all stages
of nematodes with different orientations are
seen in the cavities in longitudinal sections
(Fig. 13.6) (Koshy and Sosamma, 1982a,
1987; Sosamma and Koshy, 1991, 1998).

Biology and life cycle

The burrowing nematode is a migratory
endoparasite and is capable of spending its
entire life within roots. Most juvenile
stages and adult females including gravid
females infest healthy succulent root tips;
fourth stage and adult males do not. The
nematode takes 25 days at 25—28°C to com-
plete one life cycle (J2 to J2) (Geetha, 1991).

The coconut isolate of R. similis from
Kerala, India is the ‘banana race’ as they do
not infest Citrus spp. or Poncirus trifoliata
(Koshy and Sosamma, 1977), and has a
haploid number (n = 4) of chromosomes
(Koshy, 1986; Jasy, 1991). The R. similis
population from coconut root is easily cul-
tured axenically on carrot discs placed on
1% water agar or 10% tapioca pearl (Koshy
and Sosamma, 1980; Banu and Sosamma,
1999). It can also be cultured within the
mesocarp of growing tender coconuts with-
out affecting the size or quality of the nuts
(Koshy and Sosamma, 1982b).
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Fig. 13.6. Longitudinal section of coconut root showing Radopholus s:mlhs in cavities formed in the roots.
(Photo: V.K. Sosamma.)

Survival and means of dissemination

The burrowing nematode survives under
field conditions for 6 months in moist
soil (27-36°C) and for 1 month in dry soil
(29-39°C); it survives for 15 months in
moist soil (26-29°C) and for 3 months in
dry soil (27-31°C) under glasshouse con-
ditions. The nematode survives in roots
of stumps of felled coconut palms for up
to 6 months (Sosamma and Koshy, 1986)
and as adult females in coconut roots and
soil during summer months, causing
annual recurrence of infection (Sosamma,
1984).

Coconut seedlings are raised by sow-
ing seed nuts in the interspaces in
coconut plantations in Kerala, India.
Most of the nurseries in Kerala and Tamil
Nadu (south India) are infested by R. sim-
ilis (Sundararaju et al., 1995a,b). One-
year-old coconut saplings raised in these
infested nurseries harbour large popula-
tions of the nematode in roots internal
and external to the husk. Such seedlings
when distributed for planting help in the
dissemination of the nematode over long
distances (Koshy and Sosamma, 1978b,
1979).

Environmental factors affecting parasitism

Infested coconut roots yield a maximum
number of R. similis during October to
November and minimum during March to
July in India. Factors favourable to nema-
tode multiplication are a mean soil temper-
ature below 25°C and a light rainfall
coupled with availability of tender fleshy
roots. Nematode populations in roots of
individual palms were found to vary con-
siderably during low and high peaks
depending upon the age, cultivar and con-
ditions of the palms involved (Koshy and
Sosamma, 1978a). The burrowing nema-
tode multiplies well on coconut in loamy
sand, followed by riverine alluvium, but
least in Kari type soils. However, it causes
maximum plant damage in riverine allu-
vium and the lowest in laterite soil
(Sosamma, 1984; Sosamma and Koshy,
1985).

Other hosts

The coconut isolate of R. similis has a wide
host range including several economically
important plants, weeds and trees. Of 115
plant species tested, 48 species belonging
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to 45 genera in 17 families were recorded
as hosts (Koshy and Sosamma, 1975;
Sosamma and Koshy, 1977, 1981).

Disease complexes

The fungi Cylindrocarpon effusum, C.
lucidum and Cylindrocladium clavatum
have been recorded in association with
lesions produced by R. similis in coconut
roots. In pathogenicity studies, the fungus
C. effusum did not cause any appreciable
damage to inoculated seedlings. The fun-
gus, when inoculated simultaneously with
the nematode, reduced the rate of multipli-
cation of the nematode and damage to
coconut seedlings (Sosamma and Koshy,
1978, 1983; Koshy and Sosamma, 1987;
Sosamma, 2000b). Aphelenchoides ali-
garhiensis, Panagrolaimus rigidus and
Rhabditis sp. were isolated from leaf rot
disease-affected spindle leaves of coconut
in Kerala, India (Nadakkal, 1965;
Sosamma, 2000c). Application of Phorate
at 2 g a.i./palm to the base of the unopened
spear leaf is found helpful in control of the
disease. However, the role of nematodes in
the  disease complex as  passive
vectors/synergists is yet to be defined
(Koshy, 2000; Koshy et al., 2002c).

Economic importance and population damage
threshold levels

Surveys of different coconut-growing tracts
of Kerala, Karnataka and Tamil Nadu States
of India (964,000 ha) revealed the wide-
spread occurrence of R. similis. Twenty-
four per cent of the root samples yielded R.
similis, and, of these, 50% yielded one or
more R. similis/g of root (Koshy et al.,
1978; Sosamma, 1984). A 30% increase in
yield was recorded by application of
Hydrocarpus sp. oil cake at 8 kg/palm/year
or phorate and aldicarb at 10 g a.i./palm in
June—July and October-November to the
burrowing nematode-infested coconut
palms (Koshy, 1986).

The pathogenicity of R. similis on
coconut was established by conducting two
experiments, the first with a duration of 5
years and the second over a period of 1

year. An initial inoculum level of 62,500
nematodes per seedling caused 4, 22, 76,
18, 25, 40, 48 and 79% reduction with
respect to height, girth at collar region,
shoot weight, number of leaves, number of
leaflets per leaf, leaflet length, lamina
length and root weight, respectively, over
control plants. The effect of parasitization
of the nematode was more pronounced on
the root system, especially on the number
and mass of feeder roots. The threshold
inoculum density required for causing sig-
nificant reduction of various growth para-
meters was 100 nematodes in 625 cm? or
900 g of soil under field conditions over a
period of 5 years.

In the second experiment, an initial
inoculum level of 100,000 nematodes
caused 40, 55, 20, 65, 20, 48 and 52%
reduction with respect to height, shoot
weight, number of leaves, leaf area, number
of lateral roots, volume and weight of roots,
respectively, over control plants over a
period of 1 year. Leaf bases and haustoria
of seedlings were also infested by nema-
todes. No appreciable damage was noticed
in plants inoculated with the fungus, C.
effusum alone. The pathogenic threshold
level of the axenic R. similis population for
causing damage to all plant growth para-
meters was 1000 nematodes per seedling or
10 nematodes/100 cm® or 140 g of sandy
loam soil under greenhouse conditions.
The histopathology of infested roots
recorded the presence of nematodes in the
cortex in the inter- and intracellular posi-
tions (Koshy and Sosamma, 1983, 1987;
Sosamma, 1984).

To facilitate normal growth of the plant
to flower and exhibit the disease under nat-
ural conditions, a detailed pathogenicity
trial was initiated in 1.8 m X 1.8 m X 1.2
m field tanks (microplots) over a period of
11 years using axenic inoculum. This
experiment, the first of its kind on a peren-
nial crop, clearly brought out the damage
potential of burrowing nematodes on
coconut. All the uninoculated palms came
to flowering during 65-83 months after
planting, between leaf axils 31 and 49,
whereas four out of the five palms that
received an initial inoculum level of 100
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nematodes flowered during 67—-130 months
in the leaf axils from 39 to 56. Two palms
each that received an initial inoculum level
of 1000 and 10,000 nematodes came to
flowering after 108 months and one out of
five palms that received an initial inocu-
lum level of 1 lakh (100,000) nematodes
also came to flowering after 132 months.
None of the palms that received 10 lakh
(1,000,000) nematodes came to flowering.
The control palms produced a total of 155
inflorescences compared with 67 inflores-
cences in palms inoculated with 100 nema-
todes as an initial inoculum level.
However, the palms that received an initial
inoculum of 1000 nematodes and above
did not yield any nuts even 11 years after
planting. The control plants produced an
average of 125 nuts compared with 37 nuts
by palms that were inoculated initially
with 100 nematodes. Even 1 nematode in
35,640 cm?® of soil or 100 nematodes per
seedling reduced the yield by 77% (Koshy
and Sosamma, 1994, 1996).

Management measures

Management of the burrowing nematode
on a perennial palm such as coconut with a
massive root system is difficult, especially
under the high density multispecies crop-
ping system that exists along the west coast
of south India involving susceptible crops
such as arecanut, banana, black pepper,
betel vine, ginger and turmeric. Unlimited
use of nematicides for the control of the
burrowing nematode may cause problems
of residual toxicity in coconut water and
copra (Habeebullah et al., 1983; Sosamma,
1996). Apart from this, it may also lead to
residual toxicity in the products of the
intercrops. Therefore, control of nematodes
by field application of nematicides alone is
not a practical proposition.

CULTURAL PRACTICES. The cultural practices
existing in Kerala and Karnataka (India)
are the application of neem and marotti
(Hydrocarpus) oil cakes at 24
kg/palm/year, farmyard manure at 50
kg/palm/year, and green foliage and tender
stem of Glyricidia maculata to the basins at

50 kg/palm/year. The growing of green
manure crops such as cowpea, Crotolaria
or Sesbania in the basins and interfaces
during June to August and ploughing in of
the entire crop at flowering help in reduc-
ing the burrowing nematode population
and enriching the nutritional status of the
soil. In addition, the growing of intercrops
such as cacao that enrich the soil with size-
able quantities of shed foliage helps in the
build-up of beneficial organisms and antag-
onistic microorganisms that may inhibit
nematode multiplication (Koshy et al,
1991a,b, 2002a).

BIOLOGICAL. A significant increase in width
and leaf area has been recorded in coconut
seedlings that received mycorrhizae alone.
An increase in shoot weight, root weight
and a decrease in lesion indices occur in
seedlings inoculated with mycorrhizae
prior to R. similis. A mixture of mycor-
rhizae consisting of multiple endophytes,
i.e. Acaulospora bireticulata, Glomus fasci-
culatum, G. macrocarpum, G. mosseae, G.
versiforme, Sclerocystis rubiformis and
Scutellospora nigra, was found effective in
improving the plant growth and reducing
R. similis infestation of coconut seedlings
(Sosamma, 1994).

Minimum growth characters and maxi-
mum multiplication of nematodes were
recorded in plants that were inoculated
with R. similis alone. In combined inocula-
tion of mycorrhizae and nematode, maxi-
mum growth is recorded in plants
inoculated with A. bireticulata. The mycor-
rhizae, A. bireticulata, has maximum mul-
tiplication on coconut compared with G.
macrocarpum, Scutellospora coralloidea
and S. rubiformis in nematode-free as well
as nematode-inoculated plants. Nematode
populations are also low in plants inocu-
lated with A. bireticulata (Sosamma, 1994;
Sosamma et al., 1998a).

A new isolate of Pasteuria parasitizing
R. similis in Kerala, India has great poten-
tial for use in integrated pest management.
The infective propagules of Pasteuria
adhered to the cuticle of adult males,
females and juveniles of R. similis
(Sosamma, 1999, 2000b,d, 2002). Introduc-
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tion of Paecilomyces lilacinus, Pasteuria
penetrans and mycorrhizae into potting
mixture contained in plastic bags in
coconut nurseries and again in the planting
pit at the time of transplantation of coconut
seedlings in the field helps in better estab-
lishment of plants and imparts better
growth by offering protection against R.
similis (Koshy, 1998; Koshy et al., 1998a;
Sosamma et al., 1998b). Catenaria vermi-
cola was also found parasitizing R. similis
in Kerala (Sosamma, 2000a). Introduction
of P. lilacinus, P. penetrans and vesicular
arbuscular mycorrhizae (VAM) into potting
mixture contained in poly bags in coconut
nurseries and again in planting pits at the
time of transplantation of coconut
seedlings in the field helps in better estab-
lishment of plants and imparts better
growth by offering protection against R.
similis (Koshy, 1998; Sosamma et al.,
1998b).

RESISTANCE AND TOLERANCE. All the coconut
cultivars (29 exotic, 15 indigenous and
15 hybrids) screened for resistance to R.
similis in India were found susceptible in
varying intensities. The dwarf cultivars
Kenthali and Klappawangi recorded the
least nematode multiplication and lesion
indices. Similar reactions were noticed
in hybrids such as Java Giant X
Kulasekharam Dwarf Yellow, Kulasek-
haram Dwarf Yellow X Java Giant, Java
Tall X Malayan Yellow Dwarf and San
Ramon X Gangabondam (Sosamma et al.,
1980, 1988; Sosamma, 1984).

CHEMICAL. Burrowing nematode infestation
in coconut nurseries has been detected in
India. Increased incidence of R. similis can
occur when banana is used as a shade crop
in coconut nurseries. In these situations,
there is possibly a case for treatment of
nurseries with nematicides to produce
nematode-free seedlings to prevent spread
of the nematode into the main field and to
uninfested areas.

Past experience has shown that a dip in
1000 ppm dibromochloropropane (DBCP)
for 15 min is effective in controlling nema-
todes in seedlings for R. similis-infested

coconut nurseries (Koshy and Sosamma,
1978b, 1979). Complete control of R. sim-
ilis can be obtained with soil application of
phenamiphos or phorate at 25 kg a.i./ha
during September, December and May in
infested coconut nurseries (Koshy and
Nair, 1979; Koshy et al., 1985).

Summary of management measures

The following measures are suggested
towards developing an integrated manage-
ment schedule for R. similis infestation on
coconut palms (Koshy, 2002).

® Application of cow dung (50 kg), oil
cakes (2—4 kg) and green manuring with
Glyricidia maculata (50 kg) per
palm/year to the basins.

® Growing Crotolaria juncea, cowpea or
Sesbania in the basins and interspaces
and incorporating into the soil by
ploughing in at flowering stage.

® Application of phorate at 10 g a.i./palm
twice yearly (in June-July and in
October—November in India).

® Avoid growing bananas as a shade crop
in coconut nurseries.

® Use of nematode-free planting material
of coconut and other intercrops.

® Use of tolerant or less susceptible culti-
vars or their hybrids in infested areas.

® Cut and remove all roots external to the
husk of seedlings raised in the field
before planting.

® Raise coconut seedlings in potting mix-
ture enriched with bioagents such as P.
lilacinus, P. penetrans and mycorrhyzae
in plastic bags.

® Introduce bioagents into the planting
pits while planting in the main field.

® Apply phorate at 3 g a.i./plant to inter-
crops such as banana, black pepper
and arecanut in June-July and
October—November.

Methods of diagnosis

SAMPLING. Soil and root samples for detection
of R. similis should be collected when maxi-
mum populations of the nematode occur
(October—November in India). Maximum
populations of R. similis are found on
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coconut at a distance of 100 cm from the bole
of the palm and at a depth of 50-100 cm.
Fifty g of tender, creamy-white to orange-
coloured, semi-hard, main roots (~1 cm
diameter) showing lesions and rotting should
be collected to obtain live populations in
large numbers (Koshy et al., 1975).

EXTRACTION. The semi-hard, orange-coloured,
main root bits are peeled and sliced longitu-
dinally into 4-8 pieces of 3—5 cm length.
These sliced root bits are submerged in
water contained in Petri dishes or shallow
pans; a temperature of 20-25°C is ideal for
extraction of live nematodes from polyphe-
nol-rich coconut roots (Koshy et al., 1975).
After every 24 h of incubation, the water
needs to be changed; 50% of the population
is extracted after 72 h. Most of the nema-
todes are recovered within 4—7 days.

DETERMINATION OF POPULATIONS AND CROP LOSS.
Nematode populations in the tender por-
tions of the main roots can be estimated by
staining and blending. Roots may be cut
into 2-cm long pieces, sliced longitudinally
into eight sections and then stained.

Nematodes for the control of other coconut
pests

Entomopathogenic  nematodes  Hetero-
rhabditis indica and Steinernema spp.
were isolated from soil around coconut in
Kerala which were used in the integrated
management schedule for the Rhinoceros
beetle, Orycetes rhinoceros L. and red
weevil, Rhynchophorus ferrugineus F.
(Sosamma and Banu, 1996; Banu et al.,
1998; Sosamma, 2000, 2003).

Conclusion and future prospects

The burrowing nematode, R. similis, is sec-
ond in importance to the red ring nema-
tode, B. cocophilus, on the basis of its
damage potential on coconut. Though the
nematode has been reported in association
with various coconut diseases
(Govindankutty and Koshy, 1979), no

detailed investigations have been carried
out anywhere else except India. Screening
for resistance/tolerance to R. similis in
coconut cultivars and their hybrids has
indicated the availability of possible resis-
tance in some cultivars. Though breeding
in coconut is a long-term process, this area
could be profitably exploited. Developing
an integrated management schedule for the
coconut based on subsistence farming sys-
tems involving susceptible perennial crops
such as arecanut, black pepper, cacao and
banana should be the priority area of
research.

Oil Palm

The oil palm, Elaeis guineensis Jacq., has a
natural distribution in West Africa between
latitudes 13°N and 12°S from the coast to
the Great Lakes. Ecologically, it is found in
the transition regions between the rainfor-
est and the savanna. It has also been culti-
vated extensively in Malaya and Indonesia.
Commercial production of oil palm in
Central and South America dates back only
to the 1960s, though production is expand-
ing in all tropical South America. In the
New World, it is a plantation crop with
holdings of several hundred to several
thousand hectares per unit, whereas in
Africa or Asia it can be a large plantation
or smallholders crop as with the coconut.

Nematodes of Oil Palm

Generally, the major diseases of the oil
palm are found in its area of origin.
Curiously, although there are fungal-, bac-
terial- and suspected viral- or phyto-
plasma-induced diseases, no records of any
economic losses due to nematode damage
occur in the Old World. However, B.
cocophilus causes economic loss in oil
palm in Central and South America. Other
plant parasitic nematodes have been
reported on oil palm in India, Pakistan and
other countries (Magbool, 1991; Salazer et
al., 1992; Sundraraju et al, 1995;
Sundraraju and Sudha, 1998).
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Bursaphelenchus cocophilus

Freeman, in 1925, in Trinidad, appears to
have been the first to record the patho-
genicity of the red ring nematode on oil
palms. Red ring disease caused by B.
cocophilus has been known from African
oil palm from Venezuela since before 1953
(Webster and Gonzales, 1959) from a sin-
gle plantation of 1000 ha where the dis-
ease caused severe losses. Malaguti (1953)
demonstrated that African oil palm,
which at that time had recently arrived in
Latin America from Africa, was invaded
by the red ring nematode. Malaguti cites a
group of 100 palms showing only 16
doubtful cases in January, but which by
August had 22 deaths, nine doubtful or
affected cases and only 69 palms remain-
ing healthy. On that Venezuelan estate,
about one-third of the total palm popula-
tion became infected.

Symptoms of red ring disease in oil palms and
biology

The coloration in the diseased palm is sim-
ilar to that of the browning associated with
the ‘nana’ or dwarf cultivar of coconuts, i.e.
brownish rather than reddened tissue inter-
nally (Plate 14E). Also, the leaves dry out
and turn brown instead of the usual yel-
lowing and then browning associated with
the tall cultivar of coconuts (Plate 14F).
Often, the centre of the crown takes on a
dwarfed appearance and the newly opened
‘little leaves’ become bundled together, the
leaflets being twisted, corrugated and
adhering to a stiff upright rachis. The
developing bunches show necrosis and the
inflorescences do not set fruit. The ultimate
symptoms of red ring disease in oil palm
are similar to those of the coconut palm,
but there are some fundamental differences
in the progress of the infection that can
lead to new and distinct measures for treat-
ing the disease in the crop.

Pathogenesis is longer than in the
coconut, generally 5-10 months in the
more susceptible cultivars. In the coconut,
the young 3- to 10-year-old palm is virtu-
ally dead within 3 months after infection.

In the case of the oil palm, this process can
take up to 3—4 years with a palm of the
same age group. This is partially because
the nematode does not colonize as rapidly
in the oil palm tissue as it does in the
coconut. Where 5000—-10,000 nematodes/g
of tissue can be found in the red ring zone
of coconut, a similar region in the oil palm
often yields less than 500 nematodes/g of
tissue. A further difference is that most
nematodes are found outside the necrotic
zone, even in areas that show no necrosis
such as the distal or basal portion of the
stem and occasionally in the rachis of the
inflorescence (the nematode has not been
isolated from the rachis of the coconut pan-
icle). In addition, the red ring disease
infection rate is often highest in older oil
palms (15 to > 20 years old) (Oehlschlager
et al., 2002).

As in the case of the coconut, the most
persistent form of the nematode is the third
stage juvenile, which can subsist for a long
time in the diseased tissue. In the coconut,
this juvenile form readily proceeds to the
adult in the healthy tissue not showing
symptoms. However, in the oil palm, this
interval is prolonged for some reason, with
the result that colonization of the oil palm
is not rapid and pathogenesis is attenuated.
A notable feature in accordance with this is
that the band of necrotic tissue is usually
very narrow and often irregular in shape
(Chinchilla, 1988). Eggs appear as usual in
the brownish spots that are present in the
advancing area of the disease. Such
necrotic areas indicate evidence of plant
reaction to the cellular damage caused by
abundance of the nematode. The nema-
todes often show no evidence of their pres-
ence, and an abundance of nematodes can
occur without the plant reacting visibly.
Yet, artificial inoculation studies have
demonstrated that increased logarithmic
strengths of the inoculum correlate
inversely with the length of the period for
pathogenesis in 8-year-old palms at
Centeno, Trinidad.

The palm weevil, R. palmarum, as with
coconut, is the main vector of B.
cocophilus. The canopy in an oil palm
plantation is always closed, with reduced
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light intensity and more humidity than in
coconuts. This presents ideal conditions
for the vector of the nematodes, the palm
weevil, which is crepuscular.

In the state of Amazonas, Brazil, the
number of weevils infested with nema-
todes showed high monthly variations and
irregular distribution, with higher percent-
ages occurring in November 1988 and
September 1991. The relatively low inci-
dence of red ring disease in the area did
not suggest any association between the
disease and the variations in rainfall mea-
sured (Araujo et al., 1998).

Spacial disposition of diseased oil palms

In young 5- to 10-year-old groves, there is a
tendency for the diseased palms to be clus-
tered in a 50 m radius that gradually
expands. In older groves, however, the dis-
eased trees appear to be distributed at ran-
dom, giving the impression that the vectors
come in from fields that are more suscepti-
ble to the simultaneous development of
both the nematode and the palm weevil.
The major constraint is the poor opportu-
nity for association of the developing wee-
vil larvae in the oil palm with a large
number of nematodes. This is a result of
the slower rate of colonization of the nema-
tode in the oil palm compared with the
coconut palm. Therefore, unlike a coconut
estate where most weevils develop in dis-
eased trees which become the main or focal
developmental niche (97.3% in Trinidad),
the proportion, in oil palm fields, would
relate more to the Ecuador situation, with
greater percentages of the weevils develop-
ing outside the ambit of the nematode. This
is markedly so as the incubation period of
the pathogen in oil palm is very long and
quite variable. The principle of the dis-
eased palm being the main attractive focus
for palm weevils would have reduced rele-
vance here; thus, weevil lures would
assume a more significant role in disease
management in the field. Consequently,
weevil trapping in oil palm estates is an
important form of control for reduction of
the disease. Moreover, location and elimi-
nation of sources of infection, other than

oil palm, particularly diseased coconut
fields, near the affected grove is important.
Phytosanitary measures, however, com-
prise the most utilized method of control
in Latin America.

Other hosts for red ring disease in some oil
palm estates in Brazil

The wild palm Oenocarpus distichus Mart.
was found by Schuiling and Van Dinther
(1981) to be capable of contracting red ring
disease and serving as a host for R. pal-
marum. This is a typical palm of primary
and secondary forest of the Amazon estu-
ary. Nematodes are often fewer in number,
often less than 100/g of tissue. However,
palm weevil larvae found growing in these
trees were internally contaminated with
red ring nematodes. The weevil R. pal-
marum is reported from 31 plant species,
belonging to 12 families, with palms being
the main hosts (Sanchez and Cerda, 1993).

Economic importance and damage threshold
levels

In Latin America, there is an apparent
direct correlation between levels of red
ring disease in coconuts and those in oil
palms. Countries with high levels of red
ring disease in coconut groves also have
high levels of red ring in oil palm groves.
Generally, in oil palms 8-10 years old, the
incidence is around 0.1%, and in palms
over 20 years old the incidence is rare.
However, in some zones adjoining old
coconut establishments, the incidence of
disease in oil palms, 11-18 years old, can
be as high as 30%. In one parcel of 62 ha of
the plantation of Palmeras de la Costa in
Colombia, the maximum accumulated dis-
ease total for 1987 was 8.3% (Villanueva
and Gonzales, 1988).

Little leaf disease of oil palms

The oil palm, as most palms, has a ten-
dency towards producing so-called ‘little
leaves’, the cause of which may be diverse
and related to symptoms of other diseases.
In Surinam, Van Hoof and Seinhorst (1962)
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observed that little leaf syndrome was asso-
ciated with attack by the red ring nema-
tode. Little leaf symptomatic trees can
easily be recognized by their erect, short
and often deformed leaves with suberized
patches especially on the inner side of the
leaf stalks (Chinchilla, 1988).

Many B. cocophilus have been found on
discoloured tissue of young (up to 1.75 m
long) folded leaves, still protected from the
sun. The nematodes live ectoparasitically
in the buds of the palms. In one survey of
50 diseased oil palms cut for investigation,
only one did not contain nematodes. B.
cocophilus was never found on the young
leaves of numerous trees that did not suffer
from little leaf but were cut for other rea-
sons (Van Hoof and Seinhorst, 1962).
Palms exhibiting this symptom can live for
many years, but with a reduced leaf emis-
sion rate and abortion of inflorescences
(Chinchilla, 1988). It has been hypothe-
sized that red ring nematode-induced little
leaf is symptomatic of unsuccessful cases
of the systemic red ring disease and is
more common in African oil palm than
coconut where it is rarely observed because
coconut is so susceptible and succumbs so
easily to red ring disease (Giblin-Davis,
1993).

Management of red ring in oil palm

Generally, control of red ring disease in oil
palm is similar to that in coconut by a com-
bination of methods. The destruction of
diseased trees is paramount as soon as the
symptoms are detectable in order to
destroy inoculum.

Injections of systemic nematicides, such
as fenamiphos, oxamyl and carbofuran,
into little leaf symptomatic palms can help
with palm recovery. However, because of
the damage to the very young leaves in lit-
tle leaf palms, the recovery can take
between 6 and 8 months (Chinchilla,
1988). This measure is unsuccessful in
coconuts because the nematode colonizes
the palm tissue too rapidly, but, in oil
palm, the slower rate of colonization
allows for such a possibility to control the
nematode directly. Non-target effects and

cost effectiveness must also be considered,
and little leaf symptomatic oil palms are
usually better removed, providing more
light into the canopy and increased pro-
ductivity to nearby palms (Chinchilla,
1988).

Research by Oehlschlager et al. (1992a,
1993, 1995, 2002) in African oil palm plan-
tations in Costa Rica suggests that con-
certed aggressive phytosanitation and mass
trapping with traps baited with sugarcane
and synthetic aggregation pheromone
(Rhyncholure; racemic 6-methyl-2-hepten-
4-ol; ChemTica International) reduce the
numbers of R. palmarum and change their
distribution patterns (from highly aggre-
gated to random) while significantly reduc-
ing red ring disease incidence. Initial
bimonthly inspections and removal of red-
ring-diseased palms did not reduce red
ring disease incidence in two large African
oil palm plantations in Costa Rica. One
year after the initiation of mass trapping at
trap densities of about one trap per 5 ha,
red ring disease incidence plummeted by
more than 80% (Oehlschlager et al., 2002).
At mass trapping onset, most R. palmarum
were captured in ‘border’ traps of test sites,
suggesting removal of potential immigrants
into the study area. A combination of
perimeter and ‘internal’ traps appears to be
most effective for mass trapping in African
oil palm (Oehlschlager et al., 1995). There
are many trap designs available for effec-
tively capturing palm and sugarcane wee-
vils (Oehlschlager et al., 1993;
Giblin-Davis, 2001). The most important
features involve baiting with sugarcane or
palm tissue (changed every 2 weeks) and a
pheromone release device and making the
trap lethal with pesticide treatment of tis-
sue or by using a special trap design with
soapy water. The traps must be examined
and refreshed at least every 2 weeks with
fresh pesticide-treated sugarcane tissue and
pheromone (as needed).

Studies to determine whether
Metamasius sp. is a vector of B. cocophilus
did not achieve transmission of red ring in
oil palms, but the frequency of the nema-
todes occurring in the insects was signifi-
cant (Silva, 1991).
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Methods of diagnosis

The methods for extraction of B.
cocophilus from oil palm are similar to
those described for the nematode in
coconut; however, they are much less
accurate because of the lower numbers of
nematodes present and the often irregular
shape of rings in the oil palm (Chinchilla,
1988). Nematodes also seem to thrive in
the petioles.

Date Palm

The date palm, Phoenix dactylifera L., is
dioecious, and artificial pollination by man
has played a significant role in the histori-
cal development of the crop. Tissue culture
programmes have become important for
improving yields. The FAO estimate
worldwide production of dates peaked in
1996 at 4,492,000 t. The main contributors
were: Iran, which produced 765,000 t;
Egypt, 680,000 t; Saudi Arabia, 597,000 t;
Iraq, 550,000 t; Pakistan, 533,000 t; Algeria,
361,000 t; and the United Arab Emirates,
240,000 t. Though the palms will grow
throughout the tropics, the number of heat
units required from the time of blossoming
to ripening should be between 4000 and
5500 for various cultivars. Growth of the
palm ceases around 10°C. Suitable climatic
conditions occur in the dry parts of
California where the palm has been grown
successfully on a commercial scale. In this
introduced environment, the palm has to
cope with the new prevailing nematode
fauna.

Nematodes of Date Palm

The date palm is affected by numerous
pests and diseases wherever it is grown,
but nematodes parasitic on date palm, with
the exception of root knot nematodes,
Meloidogyne spp., have not been well stud-
ied. However, nematodes have not been
found to be a limiting feature in the coun-
tries with date as an ancient culture. Root
knot nematodes, Meloidogyne spp., were

found in the Coachella Valley of California
on date palms in 1925, where they are now
known to be widely distributed in commer-
cial date plantings. Buhrer et al. (1933) first
reported the occurrence of root knot nema-
todes on date, and Jensen (1961) found M.
incognita on roots of date palms in nurs-
eries. Carpenter (1964) reported that root
knot nematodes, principally M. javanica,
can severely damage or kill date palm
seedlings.

Young seedlings of 50 date cultivars
were susceptible to infection by root knot
nematodes; more than 90% of the
seedlings were killed prior to emergence
when seeds were sown in heavily infested
soil. Secondary damage by fungi to roots
of field-grown palms infested with the
nematodes seemed to be an important fac-
tor in the deterioration and death of roots.
Minz (1958) reported the occurrence of M.
arenaria, M. hapla, M. incognita and M.
javanica on date palms in Israel.
Meloidogyne sp. has been reported from
Sidi Yaia in Algeria (Lamberti et al., 1975),
from the Mauritanian oases of Tayaret and
Tejitt (Netscher and Luc, 1974) and from
Libya (Fourgani and Edongali, 1989;
Edongali, 1996).

The combination of Thielaviopsis para-
doxa (Ceratocystis paradox) with M. java-
nica increased the susceptibility of date
palm cutivars to infection by the fungus
(Aboud et al., 2002).

Histopathological studies of date palm
(P dactylifera) roots infected with
Pratylenchus penetrans, the root lesion
nematode, showed puncture of epidermal
cells and disarrangement of cortical cells
with large empty, abnormal cavities.
Membranous cell walls were wavy and col-
lapsed as the supporting material was
destroyed by nematode infection (Khan et
al., 2002).

The cellular alteration in M. incognita-
infected roots of susceptible and resistant
date palm cultivars was histologically
studied in pot experiments. Giant cell for-
mation was favoured in the susceptible cv.
Zaghlool, while in resistant cvs Deglet
Noor and Samani, the infected roots
reacted to the nematode infection by
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forming a necrotic area around the invad-
ing nematode. In certain cases, malformed
small giant cells were observed in associa-
tion with nematode juvenile stages (Eissa
et al., 1998). In Egypt, the largest M.
incognita populations were found at soil
depths of 30-50 and 51-70 cm at 1 and 2
m distances from the trunk of date palm
cv. Siwi (Youssef and Eissa, 1994). Thirty-
seven species of plant parasitic and free-
living nematodes were encountered on
date palm in India. Date palm trees
infected with M. incognita (450 second
stage juveniles/250 cm?® of soil) showed
yellowing of leaves and stunted growth
(Lal and Mathur, 1986).

A survey of plant parasitic nematodes
in the rhizosphere of 30 date palm culti-
vars in Riyadh, Saudi Arabia, found 18
genera of plant parasitic nematodes in the
following descending order of frequency:
Helicotylenchus (64.9%), Meloidogyne
javanica (52%), Hemicriconemoides
(37.8%), Tylenchorhynchus (24.3%), Cri-
conemoides (16.9%), Tylenchus (15.5%),
Aphelenchus (14.5%), Hoplolaimus
(10.8%), Rotylenchulus (7.4%), Paratri-
chodorus (6.4%), Pratylenchus (6.1%),
Trichodorus (5.7%), Ditylenchus and
Longidorus (3.7%, each), Zygotylenchus
(2.7%), Xiphinema (2%), Aphelenchoides
(1.7%) and Paratylenchus (0.7%). Only
Helicotylenchus and Meloidogyne were
found on all the surveyed date palm cul-
tivars (Al-Yahya et al., 2001). A survey in
the United Arab Emirates found nema-
todes associated with diseased date palms
(Hashim, 1997). During field surveys of
date diseases in coastal regions of Libya,
root knot nematodes (M. incognita and M.
javanica), root lesion nematodes (P. pene-
trans and Pratylenchus sp.), ring nema-
tode (Criconemoides sp.) and others were
associated with date palm rhizospheres
(Edongali, 1996). A survey carried out in
Algeria revealed the occurrence of five
species of Pratylenchus. The most com-
mon species was P. penetrans, often asso-
ciated with date palm (Troccoli et al.,
1992). Criconemoides curvatus and
Longidorus sp. nov. were found on date
palm in Florida (MacGowan, 1989). In

Algeria, Lamberti et al. (1975) reported
the occurrence of P. penetrans on date
palm roots in the crescent of oases from
Beni Ounif to Biskra, and there are
reports of associations with species of
Hemicricononemoides, Xiphinema, Crico-
nemoides, Trichodorus and Tylenchus. B.
cocophilus is also known to affect the
date palm. A specimen in the Botanic
Gardens, Trinidad, came down with red
ring disease and produced a brownish
ring. However, date palms growing in the
main production areas prefer a hot dry
environment that would limit the activi-
ties of the palm weevil, the vector of the
red ring nematode, which thrives in areas
of high humidity.

Management of date palm nematodes

Nematicides added to cultivated soil were
screened for their ability to control soil
nematodes. The higher the concentration,
the higher the mortality rate. On date
palms exhibiting Al-Wijam symptoms,
dazomet gave the best control, followed by
carbofuran and oxamyl. Longidorus spp.
were the most susceptible nematodes, fol-
lowed by Xiphinema, but Meloidogyne
were the most resistant species. However,
there was no sign of recovery of treated
date palm trees with Al-Wijam disease
(Abdulsalam et al., 1996).

Arecanut

Arecanut or betel nut, Areca catechu L.,
occurs in the humid regions of Asia and
the Malay islands. It is a masticatory of
great antiquity, and betel chewing is a
habit of nearly one-third of the world’s
population. The ripe fruits are sometimes
used as an anthelmintic and astringent in
Europe.

Nematodes of Arecanut
A number of nematodes have been

reported from the rhizosphere of arecanut
(Nair, 1964; Weischer, 1967; Pizarro, 1969;
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Koshy et al., 1976, 1978, 1981; Reddy,
1978; Sundararaju and Koshy, 1982a;
Sundararaju et al., 1984; Dasgupta and
Rama, 1987; Rama, 1987; Subramaniyan et
al., 1988; McSorley and Dunn, 1989), but
only R. similis is known to be an important
parasite of the palm. A number of other
palms have been reported as hosts of R.
similis (Table 13.2), and it would not be
unexpected if nematode problems with
some of these other palms became apparent
in the years ahead.

Radopholus similis

The burrowing nematode, R. similis, was
first reported from soil around roots of are-
canut palm in Mysore, India by Kumar et
al. (1971) and later by Koshy et al. (1975,
1976) and Sosamma (1998).

Symptoms of damage

The most conspicuous symptoms of R. sim-
ilis infestation are the appearance of
lesions and rotting of roots. The nematode
produces small, elongate, orange-coloured

Table 13.2. Palms reported as hosts of the
burrowing nematode, Radopholus similis.

Archontophoenix cunninghamiana Wendl. and
Drude (Seaforthia or Picabeen bungalow palm)

Areca (Actinorhytis) calapparia

Areca catechu L. (Betel-nut palm)

A. langlosiana

A. macrocalyx Beec.

A. normanbyii

A. triandra Roxb.

Chamaedorea cataractarum Martius

C. elegans Martius (parlour palm or Neanthebelia
palm)

Cocos nucifera L. (coconut)

Elaeis guineensis Jacq. (African oil palm)

Phoenix canariensis Hort. ex Chabaud (Canary
Island date palm)

P. dactylifera L. (date palm)

Rhapis excelsa (Thunb.) Henry (large lady palm)

Roystonea regia (H.B.K.) Cook. (royal palm)

Syagrus romanzoffiana (Cham.) Glassman (queen
palm)

lesions on the young, succulent, creamy-
white to light-orange coloured portion of
the main and lateral roots. Subsequently,
the adjoining lesions coalesce and cause
extensive root rotting. The thick primary
roots produced from the bole region of the
palm exhibit large, oval sunken, brown to
black lesions, 2 mm to 2 cm in length
(Plate 14F).

Nematodes occur inter- and intracellu-
larly in the cortex, but do not enter the ste-
lar tissues. Large numbers of nematodes
and their eggs are seen in the cavities that
develop consequent to nematode feeding in
the cortex (Sundararaju, 1984, 2000).

Biology and life cycle

The burrowing nematode takes 25-30 days
to complete one life cycle (J2-J2) on are-
canut seedlings at a temperature range of
21-31°C under glasshouse conditions.
Chromosome studies have recorded the
presence of a haploid number of chromo-
somes (n = 4) in many isolates of R. similis
from arecanut roots (Koshy, 1986). The are-
canut isolate of R. similis belongs to the
banana race (Koshy and Sosamma, 1977)
and multiplies well on carrot discs main-
tained on 1% water agar (Koshy and
Sosamma, 1980).

The population densities of R. similis in
arecanut fluctuate; maximum population
occurs in roots during October to
November and the minimum during March
to June in India. Populations are also
known to vary between samples, types of
roots, palms, groves and soil types during
the same period (Koshy and Sosamma,
1978a).

Disease complexes

The fungus Cylindrocarpon obtusisporum
is found associated with lesions caused by
R. similis in arecanut roots. The fungus
when introduced 3 weeks after nematode
inoculation caused more damage to plants
compared with inoculations with the
nematode alone and it inhibited the rate
of multiplication of the nematode
(Sundararaju and Koshy, 1984, 1987).
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Economic importance and population damage
threshold levels

R. similis was recorded from 32% of root
samples in the three major arecanut-grow-
ing states in south India, with a maximum
population of 440 nematodes/g of root. R.
similis was found in 55, 45, 44, 30 and
11% of root samples from plantations
intercropped with banana, black pepper,
cardamom, coconut and cacao, respec-
tively, compared with 25% from planta-
tions monocropped to arecanut
(Sundararaju, 1984).

The population damage threshold level
on arecanut seedling is 100 nematodes/
seedling or 1/800 g of laterite soil. The per-
centage reduction of growth over uninocu-
lated plants at this inoculum level can be
23, 39, 25, 19 and 38% with respect to
shoot length, shoot weight, girth at collar
region, root length and root weight, respec-
tively, under pot conditions in laterite soil.

Management

RESISTANCE/TOLERANCE. None of the 46 acces-
sions of arecanut germplasm in the CPCRI
germplasm collection is immune or highly
resistant to R. similis. The cultivars
Mangala (VTL-3) and Fiji (VTL-26) are
highly susceptible, whereas the cultivars
Singapore (VTL-17), Solomon Islands-2
(VTL-18c) and Saigon (VTL-27) are less
susceptible to R. similis; cultivars
Indonesia 6 (VTL-11), Mahuva 8 and
Andaman-5 (VTL-29e) are tolerant to R.
similis (Koshy et al., 1979; Sundararaju
and Koshy, 1982b). The cultivars
Indonesia-6 (VTL-11) and Singapore (VTL-
17) are known to yield 15% more nuts over
local South Canara cultivar (Anon., 1974).
Thus, these cultivars could profitably be
recommended for R. similis-infested areas.
The hybrid VTL-11 X VTL-17 is highly
resistant to R. similis.

CHEMICAL AND BIOLOGICAL. As arecanut is
chewed directly by many consumers,
dosage, frequency and time of application of
nematicides on arecanut have to be calcu-
lated carefully to avoid residues in the nut.

A pot culture experiment carried out
under field conditions revealed that fensul-
fothion and aldicarb at 1 g a.i./seedling
applied thrice a year for 3 consecutive
years in pots gave control of R. similis both
in soil and in roots. Increases in plant
growth with regard to shoot length, shoot
weight, root length, root weight, number of
leaves and collar girth with fensulfothion
were 46, 168, 33, 173, 25 and 41%, respec-
tively, over control plants after 3 years
(Sundararaju and Koshy, 1986a). In a field
experiment in India, treatment with fensul-
fothion at 50 g a.i./palm and aldicarb at 10
g a.d./palm applied during May/June,
September/October and December/January
for 5 years resulted in control of R. similis
and a substantial increase in both number
and weight of nuts compared with
untreated palms (Sundararaju and Koshy,
1986b). However, the nuts were not
analysed for their residues, if any, and the
cost—benefit ratio has not been determined.

Field experiments were carried out in
arecanut monocrop, arecanut + banana and
arecanut + banana + pepper to evaluate the
efficacy of neem oil cake and phorate singly
and in combination for control of R. similis
in the cropping system. Even though all the
treatments were significantly superior over
the untreated control, the best treatment in
these experiments was 15 g of phorate in
combination with 1 kg of neem oil cake,
which controlled the R. similis population
in arecanut and subsidiary crops very well
(Sudha and Sundararaju, 1998). A pot trial
study to evaluate the combined effect of
organic amendments and biocontrol agents,
i.e. P, lilacinus, P. penetrans and arbuscular
mycorrhizal fungi (AMF), against R. similis
infecting arecanut (A. catechu var.
Mangala) was conducted using sandy loam
soil amended with various organic matter.
The organic amendments used were neem
and marotti oil cakes, leaves and tender
shoots of sunnhemp and Glyricidia, vermi-
compost, cow dung and coir pith.
Maximum nematode control (95%) was
recorded in soil amended with Glyricidia
leaves and bioagents. Significant reduction
in root lesion index and maximum leaf area
was recorded in these plants. The percent-
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age increase in height and root growth was
maximum in plants grown in coir pith-
amended soil with bioagents which was on
a par with plants grown in soil enriched
with Glyricidia leaves and bioagents. A
decrease in nematode population was on a
par in all treatments receiving organic
amendments and bioagents as well as bioa-
gents alone compared with nematode alone.
All of the bioagents were re-isolated from
all of the treated plants, even after 3 years.
Although amendment of soil with organic
matter in general was found to increase
plant growth and reduce nematode popula-
tion, the differences were not significant
compared with introduction of bioagents in
the absence of organic amendments (Koshy
et al., 1998c, 2002b).

5ummary of management measures

Control of R. similis on arecanut is difficult
under the high density, multispecies, subsis-
tence farming systems involving perennial
crops such as coconut, banana, black pepper,
betel vine, cardamom and cacao. Use of
nematicides for the control of burrowing
nematode on coconut or arecanut may cause
problems of residual toxicity. The following
control measures are suggested: (i) use of
nematode-free planting material of arecanut
and other intercrops; (ii) avoiding R. similis-
susceptible intercrops such as black pepper
and banana in infested areas; (iii) use of
resistant/tolerant cultivars of arecanut, when
available, and other crops in farming sys-
tems; (iv) application of 5-10 kg of green
manure preferably Glyricidia or Crotolaria;
(v) application of 1 kg of neem oil
cake/palm/year; and (vi) application of phor-
ate at 3 g a.i./plant to the root zone of are-
canut, banana and black pepper in June—July
and October-November in arecanut-based
farming systems (Sudha and Sundararaju,
1998; Sundararaju and Sudha, 1998).

Methods of diagnosis

Soil and root samples for detection of R.
similis should be collected at a distance of
25-75 cm from the bole of the palm at a
depth of 25-75 cm when high population

densities are present, such as during
October/November in India. The method
suggested for extraction of R. similis from
coconut root can also be adopted for are-
canut.

Other Palms

Reniform nematode, Rotylenchulus reni-
formis, is a sedentary endoparasitic nema-
tode that sometimes causes concern in
field-grown or containerized palms for
shipment in the USA. The concern is a reg-
ulatory issue rather than one of palm

pathology. Most palms, except
Washingtonia robusta Wendland and
Acoelrrhapphe  wrightii  Grisebach and

Wendland, are non-hosts for the reniform
nematode (Inserra et al., 1994). These
hosts, although suitable for nematode
reproduction, are devoid of above-ground
symptoms, suggesting tolerance. The regu-
latory problem arises because ornamental
palms grow well in southern Florida condi-
tions where reniform nematode is a damag-
ing pest to dicotyledenous field and
vegetable crops. Ornamental palms that are
contaminated or infested with reniform
nematode are subject to quarantine in non-
infested areas in Arizona, California and
New Mexico that grow valuable and sus-
ceptible crops such as cotton. R. reniformis
has also been found in the rhizosphere of
ornamental palms in Egypt (Ismail and
Eissa, 1993).

Hot-water treatments were evaluated to
disinfect roots and media of potted bamboo
or Reed palm, Chamaedorea seifrizii
Burret, and fishtail palm, Caryota mitis
Lour. of R. similis. A continuous hot-water
drenching (50°C for 15 min) of roots and
media in pots or hot-water dipping (50°C
for 15 min) of bare-rooted plants were suc-
cessful in eliminating all burrowing nema-
todes in bamboo palms. Fishtail palms
were disinfected of burrowing nematodes
after hot-water drenching at 50°C for 13
min. Dipping plants intact in pots in a con-
stant temperature water bath was not effec-
tive, as the root temperature remained
below the thermal death point for nema-
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todes due to slow heat transfer. No evi-
dence of thermal damage was observed in
either palm species drenched with hot
water at 50°C for up to 20 min followed by
hydro-cooling to ambient temperature.
Ambient air-cooling after heat-treatment
was detrimental as the residual heat caused
both vegetative and root damage in the pot-
ted palms. These air-cooled palms suffered
reduced growth and required a longer
recovery period (Tsang et al., 2003).

General Conclusions and Future
Activities on Nematodes of Palms

The foregoing has shown that fatal diseases
in palms due to nematodes are unknown
except for those palms that are naturally
attacked by B. cocophilus and its chief
insect vector R. palmarum. The fact that
red ring disease is at present confined to
the New World restricts its economic
importance to those palms that occur in the
area, but others, such as the arecanut palm,
are likely to be naturally susceptible even
in their areas of origin. Nematodes that
have been recorded as pathogenic to palms
in their areas of origin are only those that
exist in the rhizosphere such as R. similis
of arecanut and coconut. This problem has
not yet been recognized in the New World,
but it is very possible that this and other
nematode root problems on palms will
become apparent in the years ahead. There
is a danger of root nematodes, particularly
R. similis and R. reniformis, being intro-
duced through ornamental palms and other
hosts.

The major concern of nematologists,
plant pathologists and quarantine person-
nel, therefore, is to ensure against the pos-
sibility of red ring disease becoming
universal since the likelihood that other

species of the palm weevil (e.g. other
Rhynchophorus spp.) could be vectors to B.
cocophilus is quite strong. The palms of
horticultural value are also susceptible and
could in fact increase the likelihood of the
disease eventually moving out of Latin
America in a palm where symptoms are
not so distinct and in which pathogenesis
is prolonged. Indeed, there is every proba-
bility that symptomless carriers might
exist, as in oil palms, that are slowly colo-
nized by the nematode. Another problem
occurs with the confusion of similar symp-
toms in other wilt diseases of palms that
can hide the problem of a nematode until it
is too late.

The International Bureau of Plant
Genetic Resources has been helping in a
number of coconut and other palm
germplasm collection programmes, and
some methods have been developed such
as embryo rescue for introduction of clean
coconut germplasm for research purposes.
Koshy and Kumaran (1997) collected 1342
embryos of 15 accessions from the Indian
Ocean islands for the first time. The com-
mercial availability of synthetic male-
produced aggregation pheromones for the
weevils that can vector red ring nematode
allows for monitoring ports of entry for
potential vectors.

Generally, as crop plants for small farm-
ers, cordon sanitaires are always necessary
for vector-borne pathogens that can have
fatal and cumulative effects on the agro-
ecosystems. Thus, control measures for
palm diseases must always be inexpensive,
effective and readily applicable in all eco-
nomic circumstances. Essentially, of
course, biological control measures and
resistant cultivars should always be sought.
The stability of the coconut agroecosystem
favours management procedures with lim-
ited pesticide usage.
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