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I. THE CADANG-CADANG DISEASE: : :

Introduction: Q

In the Philippines, the cadang-cadang disease of coconut has’
destroyed a large number of plantations in the Bicol region on Luzoni
island and in a few surrounding islands. It was first 'noticed in
1926 on San Miguel island, which is an island adjacent to the Ricol
region in which the disease was absent at that time (27). By 1947
the disease was widely prevalent in the Bicol region (7). It wasi ;
reported from Quezon province in 1957 (22); and from Laguna province!

in 1964 (5).

On_the island of San Miguel the discase had destroyed 80 of!

the initial 260,000 trees by 1953 (11), and at the present time there
are only a few hundred trees left (2). In the Bicol region also,

within a span of 25-30 years, more than 12 million trces have been

affected, causing an annual loss amounting to more than 50 to 60 million
pesos (24). ' :

The disease, which was considered to be one of the most destruc-
tive plant diseases by Price (30) may be expected to cause much greater
losses now that it has invaded two major coconut growing provinces of
the country namely Quezon and Laguna. é

Sympt.omatology: - . ‘ R

The field symptoms of the disease consist of yellowing and .
mottling of outer leaves and stunting of younger leaves; on closer
examination such leaves exhibit a large number of yellow and 'water-soaked'

or olivaccous.spoté... The nuts of affectcd palms are smaller |
in size, lose their angular shape ¢nd become rounded, and are scarificd
with necrotic streaks and patches. . In early stages of disease there’ are
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2 larger number of nuts, but in later stages fewer nuts are produced. ’4
The oTder leaves are shed faster .than in healbhy trees ond in advanced '
stages of disense only a few young leaves arc left, Ultimately the f
rroving point dics in agout 5-10 years after the appcearance of f{irst
symptoms. (6, 7, 11, 27, 30, 33).

The symptomatology of the disease is complicated by the fact :
that there are various kinds of yellow and 'water-soaked! spots on both :
healthy and cadang-cadang affected palms, and that many of the other
ficld symptoms are individually present in cadang-cadang-free areas.
There is, therefore, a difference of opinion among various workers as
to the nature of leaf-spots specific to cadang-cadang. Calica and
Bigornia (6) suggested that none of the 6 symptoms they described was
diagnostic by itseir, but thai the whole symptam syndrome was essential
for diagnosis. Others have maintained that it is not possible to

accurately diagnoscthe disease in the field (19) and that there is a
" lack of agrecment as to the typical sympt-ms of the disesse (39, 43).

e v e = o

Recognizing the need for clarifying this situation,Sill and
Protacio (34) conducted the first quantitative study of the frequency ™
‘of occurrence of various crown symptoms. This study was followed by
that of Nagaraj anmd Pacumbaba (25), who after a detailed examination
of 730 trees from cadang-cadang-free and affected areas concluded that
a particalar kind of leaf-spot was specific to cadang-cadang. These
spots were described by them as irregular, olivacedus or water-soaked
in aopearance, standing out prominently from the adjacent lamina because
of their color amd distinct margins. The basic spots were approximately
1/8-1/2 mm in diameter, and did not possess brown centers; these spots
together with tiny yellow spots were aggregated in most affiected palms
to form streaks parallel to the veins, .In bearing palits rounding of
nuts (which were scarified in most cases with necrotic streaks and patches)
Was an additional and valuable diagnostic symptom. All other symptoms

studicd by them were found in healthy areas also and thercforo were of no
diagnostic.valte, '

Cause of Disecasc:

Analyses of soils from affected and non-affected areas (21, 29-43,
45), and sand culture experiment s on the effect of various nutritional
deficiencies and aluminum toxicity (23, 44) failed to provide evidence to
indicate that the'disease was caused by a nutritional deficiency or toxicity.
application of N, P, K, and various micronutrients to the soil around diseased
trees (4, 25) waz not offoctive in cnring the disease. In fact the fertilized
diseased trees deteriorated faster than unfertilized controls (36). Spraying
of diseased palms with various micronutrients also failed to reduce the
intensity of disease (31). - '



Isolations of soil microorganisms from cadang-cadang affected
~and unaffected arcas and from roots and leaves ol alfected palms (5, 15
29, 38) and inoculations of coconut seedlings with such isolates (5, 295
failed to implicate a fungus or bacterium as the cause of' cadang-cadang.

Studies on nematode populations in soils, and roots of coconut

palms in healthy and affected arcas (37, 46), indicated that nematodes are
probably not involved as causal agents.

_ Bigornia et al, (3) studied the spread of the disease in 7 epide-
miological plots and in strip surveys over a period of 8 years, they
found that the spread of the'disease was slow and erratic although there
was a certain degree of adjacency of new infections. Such a spread is
typical of a virus disease transmitted by a sluggish insect vector, and
does not resemble that of a root disease. This well- econceived: and
claborate study is a valuable contribution in favour of the virus theory.,

tlany workers consider that the abscnce of association of patho-
genic fungi or bacteria with diseased tissues, the distritution and spread
of diseasc, absence of response to application of macro and micronutricnts,

and the symptomatology indicate that cadang-cadang is a virus discasc (20,
22, 27, 30). p

Celino (8) reported transmitting the disease by pin-prick inocula-
tion to four-year-old secedlings in which symptoms appeared within 30-220
days. De Leon (10) and Kent (19) pointed out that the symptoms obtaincd
by Celino on inoculated seedlings were not similar.to the field symptoms,
that no serial tranaferswere made, and that inoculated seedlings did not -
continue to exhibit disease symghaﬂs. Celino himsclf (9) suggested that
these results were "inconclusive as again claimed transmission of field
symptoms of cadang-cadang in recent trials to coconut seedlings by pin-prick
inoculation of leaf extracts adjusted to pH 7.3-7.4. The incubation period
in this case was 8-20 months as against 1-11 months reportcd in his first
paper (8). Del Rosario and Quiaoit (13) also claimed transmitting the
disease to coconut scedlings within 40-120 days after inoculation, and to
corn secedlings in which disease symptoms appeared within 3-20 days. : It .
was pointed out by Celino that the disease transmitted by himself and
co-workers in recent years was different from that transmitted by Del Rosario
and Quiaoit in symptomatology, incubation period, etec. It also appears to
be different from the disease Celino transmitted in 1947. An examination -
- of Celino's test plants by the author showed that only two of them showed
cadang-cadang specific spots as described by Nagaraj and Pacumbaba (25).

Calica and Pableo (5) on the other hand were unable to transmit
the disecase by pin-prick inoculations, rubbing of tissue extracts with
carborundum, petiole and root grafting, insertion of diseased tissues,
ctc. They observed 1012 coconut seedlings thus inoculated and an equal
nunber of controls for more than 10 ycars, but sccured no transmission,



These results, as well as differences in symptomatology, incubation
period ctec. between three discases transmitbed by Celino (8), Celino

- and co-wprkers (%), and Del Rosario and Quixoit (13) sugdcésted that the
ctiology of cadang-cadang still rcmains to Le solved.

Electron micrographs of tissue extracts from affected palms were
obtained by Ocfemia and Bustrillos (28), and Del Rosario and Quiacit (13).
The published micrographs show partidles which “weré considered to be.virus-
tike but which are not all of the same shape or size.-

By injecting clarified leaf extracts, an antiserum was obtained
by Del Rosario and Quiaoit (13) which reacted with tissuc extracts from
disecased palms in most cases. Del Rosario (12) has suggested that the
technique needs further improvement. Obtaining such an antiserum indicates
the presence of an antigen in diseased trees which is abscent in healthy
trees. This antigen may be bacterial, viral ar an abnormal'metabo}ite.

Anatomical. Studies:

Anatomical studies of the typical cadang-cadang leaf spots by
Calica and Mcthorter (22) showed that such spots were caused by a process.
called white cell necrosis which converted the protoplasts of chlorenchyma
into homogeneous white masses. McWhorter (22) considers that such necrosis
is typical of virus diseases. and,therefore, is a strong cvidence indicating
that cadang-cadang is due to ‘a virus. Hypertrophy of cells of phloem and
xylem which caused obliteration and necrosis of adjacent cells, and
hyperplasia in phloem were noticed by Erriquez, (14) in leaves of affected
ralns., Quantitative studies arc needed to confirm these interesting findings.

Protacio (32) reported the presence of intracellular inclusion bodies
in epidermal cclls of infected leaves;+he examined 5 trees from cadang-cadan g-
free arcas, and 28 diseased trecs and 5 apparently healthy trces from cadang-
. cadang-affected arecas. This offers to be a promising additional diagnostic test
if these results can be confirmed by examination of a larger number. of samples
from disease-free areas. : : ' ~ : - i '

.
L4 Frhine

Natural Alternate Hosts: . o S

' o Co B

Palms: In nature, discases similar to cadang~cadang have been reported
on scveral other palms, such as jreca catc6hn, Adonidia merrilli, and Livistona
rotundifolia (10), Corypha elata, Caryota Cumingii, . Elncis puinecnsis (11)
end Pandanus coplandii (22). . ' . Lo

g

Weeds: The epidemiological data of Bigornia et’'al (3) were carefully
analyzed by Holmes (16) who suggested that the more or less constant percentage
of newinfections obtained year after year indicated that the disense does
not spread from disecased coconut to healthy coconut. He hypothesized that the
disease is spread to' coconuts from a fixed reservoir outside of coconuts,
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possibly a weed.. In later studies (17, 18) he corrclated the incidence
of a discase in Dleph(mtopus mollis, characterizced by yellowing and
sometimes purpling and reddening of leaf margins, to that of cadang-
cadang. Such positive .correlations were obtaincd in 19 out of 20
oqitrvatlons and in the exceptional case where there was a hlgh incidence of
L'ﬁang he found that there was a large amount of disease in two other
weeds--Stachytarpheta jamaicencis and Passiflora foetida which, thearefore,
wore considered to be either supplementary reeervoirs of discase or supple-
mentary indicators of disease incidence. He also found that in well-weeded
kitchen gardens there was considerably less cadang-cadang than in adjacent
plots which had a large number of diseased E. mollis plants

Bigornia (1), who was acgiainted with the discasc of E. mollis
correlated by Holmes with that of cadang-cadang, found that yellowing of
leaf margins .could be produced by the feeding of the leafhopper Empoasca
formosana. These plants under conditions of inadecuate water supply and
intense sunlight also developed reddening of leaf margins described by
Holmes (17). Also, symptoms induced by leafhopper feeding, hopper-burn, (1)
were not transmissible by grafting and did not appear in the rew .growth
appearing after removal of leafhoppers. He .concluded that hopper-burn was
not likely to be linked with the occurrence of cadang-cadang, but conceded
that plants having such symptoms could possibly harbor another disease
which may: ‘be related to- cadang-cadang.

Nagaraj and Pacumbaba grafted healthy E. mollis plants with scions
from E. mollis affected with hopper-burn symptoms plus plus purpling and
reddenlng of leaf margins; those infected with yellows, a graft trans-
missible disease (5) characterized by stunting of plants, chlorosis, and
smalling of leaves; and from plants showing both hopper-burn and yellows.
They confirmed that yellows is graft-transmissible and that hopper-burn
(plus reddening of leaf margins§ is not. In certain areas hopper-burn amd
yellows existed together in the same plants and in other areas only hopper-
burn or yellows was found., The former was noticed in large nwnbcrs in Davao,
a cadang-cadang-free area. Yellows also was noticed in Los Banos, . where
cadang-cadang was absent. The results of a recent survey indicated that in
palms 30 years md older, the percentage of disease incidencce was essentially
similar in weeded and unweeded gardens. In threc of these gardens thgre was
a history of consistent weeding for a period of at:least 8 years; yet, in
all of them several trees were found to be in very early stages of diseasc.
These findings and thosc of Bigornia (1) indicatc that Holmes (17, 18) was
probably not correlating either hopper-burn or ycllows of E. mollis with
cadang-cadang. -The curves for .disease incidence which were presented by
Bigornia, et al (3) and which were interpreted.by Holmes as indicating that
cadang~cadang did not spread from coconut to coconut may also be interpreted
to mean that diseased coconut trees bccome ineffective sources of inoculum
with the.progress of disease possibly because the hypothetical vector may
prefer not to feed on such trees. This may be either because of the
phj31ologlcal changes in the tlssues, lack of succulence or because of



- reduced nwnber of flowers which would adverscly affect a vector that is a
florzl insect. Uhder these conditions; #ith increasing new infoctions the
enzs infected enrlicr become less officis

ciznt sources of inoculum thereby
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Contrel Veasurus:

Quarantine regulstions: Even though the disease has been reported fron
«122on and Laguns, the leafepotting in Lapina a

7 ppears to be sliphtly different
from the specific leaf-spotting found in 3icol.

X . . : .
sncthar the dizezgs in Lazyna i3 conuscd o

This raises the guestion

7 2 BIf .rant zirain of cz7lang~cadong,
Srll Gnie mrteae fe cleriffzd) wiirer-ieon Tegilziline gronitisieg ook Y &S gt
=D wowonal piart otearis oot oof fhe Sie-o TIEIon 2RIl vt Te relazyad, Al
there is 2 possibility that the diseasc in Lag

unz arm Guezon can be containcd
or eliminated by strict enforcement of eradication measurcs. y
Eradication measures: Recent work by Nillos and Silva (26) has
shown that spraying, cutting amd burning of infected trees, and suspected
2lternate hosts, can gre

atly reduce the spread of disecase. On the basis
of a2 survey conducted by a team he

aded by Bigornia, it was estimated that
there 2re probably only 6,000 dise

ased trees in Quezon, Laguna, and Bitangas
(24). It has been suggested that these trees, weeds around them, and any

other possible alternate hosts, should be sprayed with an insecticide, cut

and burnt, If such a program is consistently practiced the spread of diseise
may be checked, Yieanwhile,

further studies should be condictedin isolated
vlots in the Bicol region to accurately assess the value of such eradication
measures, (24), '

t

: "Reolonting:  Although replanting of devastated nrens hag buen suggested
Ly many scizntists, it has acouired greater signifizznce with the findings of
5ill =t 21 (35) who found that the incidznce of discnse wns much higher in
older trees than in younpger ones. Even in the 21-30 year group there was

less than 254 disease,

In view of these findings®they suggested that regular
replanting of affected areas should be und:rtaken. ' . :

) year program be .
should be replanted in the

Nagaraj and Bigornia (24) sugeested that a ten
instituted in which a total of 20 million trecs

Bicol region to replace trees that have already become diseasad, dead or too
old, and those thiat can be expected to be attacked by the disease. When
these trees stort bearing within the next 20 Jears they should save a
minimum of 50 million pesos annually, They also recommended that in the rest
of the Philippines particularly in Laguna ond Quezon where the dicegse has
been reeently discovered, replenting

should, be undertak.n to replace 211
trees above LO years of ago which arez likely to be first attached by the
disease. They estimated tha

t 128 million treces will have to be replanted
in the vhole of the Phili ppi

nes andadvocated th2t ss:d nuts for such replant-
~ing should be obtained from mother p2lms selected t

hroughout the country
for high yi=1d ~rd other desirable characters. If replanting is spread out
over a period of 10 years and a sclected trce yields 80 nuts a year it will
be nccessory to select 160,000 mother trecs. The total cost of such selection
for ten ycars was estimated to be approximitely 2 million pesos, (24).

227



Breeding for discase resisbance: Such a breeding propgram is extrome-
ly desirable, but time consuming and is now in progress at thee Guinobatan
Experiment Station. (2). : '

Researeh activibics: Rescearch work should be intensificd to deber-
mine the nature of the disease, mode of spread, alternate hosts, and the.
efficacy of various control measures such as koguing, spraying, weeding amd
other cultural practices. Lo

The cost of a well financed 5~ycar program of research, sclection
of mother palms for obtaining better seed nuts, replanting throughout the
country as mentioned earlier was estimated to be 5.6 million pesos.

During this 5-year period the disease would have caused a loss of about

250 million pesos in the Bicol rcgion alone (24). If one adds to those

the expected losses in newly infected areas in Quezon and Laguna, the
suggested expenditure would be well worth while. If the ctiology of the
disease is not solved and the diseasc spreads to the.island of llindanao and
other coconut growing areas, the losses for the premier dollar earning
industry of this country would indeed be great.

IT. THE WILT DISEASE:

Introduction:

The disease was first noticed about 80 years ago on the south west
coast of India and appears to be confined to this region until now. It
was considered to be primarily a root rot (49), but later work showed that
root decay was probably a secondary effect of disease (52). Therefore,
the name wilt disease is more appropriate for the discase. In 1951, the
estimated annual losses caused by the diseasc (43) vere about 10 million
rupees (approximately 8 million Philippine pesos). Accurate and more
.recent estimates of losses are needced, y ‘

Symptomatology:

The symptoms of the disease consist of a paling and wilting of the
youngest leaves sometimes accompanied by a necrosise ' " .. The
wilting gradually spreads to the outer leaves, which in some cases become
yellowed. The leaflets become characteristicqally flaccid md ares curled
downwards and inwirds giving a ribbed appcarance (49,55). Such necrosis,
flaccidity and ribbing of leaflets is absent in cadang-cadnag affected
palms. An cxamination of a large number of leaf samples from wilt discased
trees did not show any leaf-spocts similar to the cadang-cadang specific
spots (54). .o :

_ Shedding of immature nuts was considered an early symptom of dis-
ease (49), but in trees to which the disease was reproduced by mechanical
inoculation (53). this symptom was rarely obscrved (51). The nuts of
“infected palms do not consistently show either rounding or scarification
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50 Lypical of cndnnu-cndnnﬁ. In both discases Lhe nuls beeomo mmaller,
lesser in nunber, have thinner husks, but unlike in cadang-cadang, nuts
of wilted palms have kernels that produce rubbery copra (49),

\

lloot rotting was also considered to-be an important symptom (49),
Nagaraj and lienon (52) conducted a quantitative study of the association
of root-rotting with symptoms of wil* and three other diseases, 'They
found that in early stages of wilt the percentage of root decay was
essentially similar to that in healthy trees and that it gradually in-
creased in middle and advanced stages of disease; it was also comnon in
trees showing general chlorosis, tapering stem sy~:ploms and yellowing of
outer leaves, They concluded that root decay was probably not the cause

of wilt and suggested that the name wilt disease was more appropriate for
the disease, '

The progress of wilt disease appears to be slower than in cadang-
cadang. Somé of the trecs in which the disease was produced artificially

in 1954, were in advanced stages of disease in 1964, but still had a few
nuts (51), ’ - '

. After having been associated with both the diseases the author
feels that the wilt disease is milder than cadang-cadang. 'The spread of
wilt is also probably slower but unfortunately epidemiological studies
similar to those of Bigornia et al (47), have not been conducted for wilt,

Cause of Disease :

Earlier work was concentrated on isolating organisms from diseased
roots as the disease was believed to be caused by root decay. In 1908
Butler isolated Botryodipl.odia tp.and thought that root-rotting caused by
this organism could account for the crown symptoms. Later, tienon and
Nair consistently isolated 3 fungi from roots of infected palms; these
were Rhizoctonia solanj. and R. bataticola, amd Botryodiplodia theobromase,
They'reportéd producing wilting in 9-18 month old ‘coconut seedlings by
inoculation with these fungiparticularly if the seedlings were water- ‘
logpged at the time of inoculation; the jnoculated fungi were reisolated
in all cases of infection. However, they found when they inoculated
roots of 4-5 year old palms root-rotting was lécalized and no disease
symptoms developed on the leaves of inoculated plants., They were also
unable to obtain infection by pin-prick inoculation and by transference
of soil and roots from affected Palms to the base of healthy trees (49).

No qualitative differences vere noticed in the rhizosphere flora of
diseased and healthy paims, and quancitative differences were hot consistent
in different soil types (6I), Of the 3 fungi associated with the disease (49)
R, solani was obtained only from diseased roots whereas the others could be
obtained: from healthy roots as well. Inoculations of roots of healthy pahns’.
with 7 isolates of these 3" fungi were conducted by Nagaraj and Menon (52);
they obtained infection of young living roots only with one isolate of .
. solani but not-with the other fungi; even in this case only the root tip
was affected and infection did not progress beyond L4 inches from the tip,
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N Results of detailed chemical analyscs ol discased ad healthy
tissues, and soils from affected and unaffected areas (50, 57, 59, 61,
65, 70, 71) indicated that soils of diseased areas had lovinr nvullrblo
ard exchangeable potassiwn.,  In bhe other nubrionts studied Lhe differcnecs
botween healthy and-discased areas were not consistent in diffcerent tyves
of '80ils exanined. The infected trecs showed an accumulation of nitrogen,
phosphorus, and potassium, (62, 70). Application of N, P and K together

with spraying of infected palms with mlcronutrlents 1mproved the condition
of diseased palms (56).

Nagaraj and Menon (53) reperted tranomlttlng the disenase by mech-
anical inoculation in 5 experiments conducted in the field, involving 31
trces of which 17 got infected, whereas, among the 30 controls there were
only 3 infections. The rc¢sults of transnission trials with five species
of 1nsects, indicated that only 3tephanitis typicus, transmitted the
disease in 2 experiments involving 19 trees of which 11 got infected; and
among; 18 controls 1 tree devcloped disease symptoms. The incubation
period in both mechanical inoculation and insect;transmission trials was -
8-12 months from the date of first inoculation. Thesc results indicated
that the wilt discase of coconuts is infectious, probably a virus diseasc
transni§ 1b1e by mechanical inoculation,..and that Stephanitis typicus is
prob(bly a vector of the'disease. 'Defifite conclusions as to the nature

ofthe 1nfect ous principle could .nati e drawn becausu,+ thuse preliminary
4 ¢ AL

experiments the inociiliun'was not pdsged. througq bactcninl—proof filters. -

The results on mechanical and insect transmission of tle disease
vicre confirmed by Shanta et al+ (68) by u51ng a larger .number of test
plants. They a1501reportnd transmlttlng thg"'‘#isease to" 2-3 year old
coconut ,codllngs jowhercas Nagarnj (54) was unablc to do so.in his earlicr
work, even ?iter 3lyears of repcated 1n0cu1at10ns;.

BRI )-'lfLrv'

-Shantarand-Menon (66 67) reported transmitting the disease to 5

varieties- é£~cowpea, Vigna sinensis, obtaining more than 70% trarsmission
both by méchanical inoculation and by Stephanitis typicus. Symptoms ware
observed within 4-12 days after inoculation ond consisted of vein-clearing,
malformation and curling of leaves. The discasc was also trangmitled to
Phaseolus mungo, Capsicwn annuum, and Areca catechu. All these hosts had
been repeatedly inoculated by Nagaraj and Menon (53) but the inoculated
plants did notdbvelop any disease symptoms (51). The reason for these
discrepancies is unknown especially in view of the, fact that methods of

.1noculat10n used in these cascs appear to be qulte ‘similar.

rl-d

nv

Control McnsuFﬁn.

’6 l'-
Manurlal md cultural treatments have been recomended (48, 56) i te..
mlnunlze the damage from the disease. The fact that the disese was tranef»
mitted by mechanical and insect inoculations whereas the controls under i
gimilar conditiong. of soil remained healthy, clearly indicates that an -

infectious principle is the cause of discase and that control measurea_sheuld
therefore, be based on these data, :

v
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Because the disease is infectious, quarantine repulations to pre-
venl the spread of disease-to non-infected areas, eradicialion of discased
coconuls and alternate hosls in newly infecled arcas, and breeding for
disease resistance are some of the possible suggested control measures.

Quantitative studies similar to that of Sill et al (69) should
be conducted to determine the incidence of disease in various age groups,

The results of such a study can be used to determine whether replanting of
diseased areas would be profitable ‘or not,

Since the disease is mechanically trans.issible it should be
possible to ‘test a large number of varieties for disease resistance and
recomnend a resistant variety for replanting in diseased areas. In
diseased areas a large number of palms above 50 years of age appear to
remain healthy. Shanta, et al (68) found that 40-50 year old palms were
apparently resistant to mechanical inoculation. These results indicate
that such healthy palms in heavily diseased areas are probably resistant
to the disease. It should be easy to confirm whether these are symptomless
carriers or are actually resistant to wilt, by back inoculations on younger
susceptible palms. It is also possible that age confers resistance to
these palms but that their progenies may become susceptible to the disease
when they are around 7 years old, Only after studying these problems .
would it be possible to decide whether such palms could be used as parents
in a breeding program to obtain a variety resistant to the wilt disease.
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