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Foreword 

This document is a compilation of the proceedings of the seminar on Phytophthora diseases of coconut, held 
in Manado, Indonesia, from 26th to 3oth October 1992. The seminar was attended by the different partners in a 
network research programme funded by the Commission of the European Communities (Directorate General 
for Science, Research and Development), involving Indonesia, the Philippines, Cote-d'Ivoire, Great Britain, 
Spain and France. 

This seminar provided the partners with an update on the programme, which was launched in 1990 and is due 
to run until the end of 1993. The results reported cannot therefore be considered definitive, and this 
compilation is not the final assessment of the programme. They are nevertheless an important step towards 
reaching the targets set, which is why their circulation was considered worthwhile. 
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Report on the coconut Phytophthora disease 
• seminar 

J.l. RENARD 
CIRAD-CP/URDDC. Phytopathology. BP 5035. 34032 Montpellier Cedex 1. France 

S.N. DARWIS 
Pusat Penelitian dan Pengembangan Tanamam lndustri. JI. Tentera Pelajar N°1 . Bogar 16111. Indonesia 

Introduction 

On coconut, rots caused by Phytophthora lead 
to meristem decay (or bud rot) and/or premature 
nutfall; in the first case, the tree dies, and in the 
second, there is a drop in production. Coconut bud 
rot has been known for some considerable time 
(Butler, 1909), but nutfall was not observed until 
recently (Quillec et a/.). 

Symptoms are found throughout the coconut 
growing zone. In certain regions, up to 50 % of the 
coconuts initially planted are killed by bud rot, and 
20 to 25 % nutfal I can be recorded each year; the 
extent of the damage primarily depends on climatic 
conditions and the type of planting material. 

Over the past fifteen years or so, there has been a 
resurgence of symptoms caused by Phytophthora 
more or less everywhere in the coconut growing 
zone. A major bud rot focus appeared in small
holdings in Cote-d'Ivoire in 1977, on the Local Tall 
variety, followed a few years later by the devel
opment of bud rot symptoms on Malayan Yellow 
Dwarf x West African Tall (PB 121) hybrids. In 
Asia, where the disease was initially confined to 
local material and did not generally have any major 
economic impact, Phytophthora appeared between 
1980 and 1985 in plantations newly set up 
with hybrid material, essentially Malayan Yellow 

Dwarf x West African Tall, and in Yellow Dwarf 
seed gardens, leading to considerable losses. 

The extent of the damage prompted a good deal of 
research work as early as 1985 in Indonesia and 
the Philippines. In order to step up research, and at 
the instigation of IRH01 (lnstitut de Recherches 
pour les Huiles et Oleagineux), a research pro
gramme involving the main countries was 
submitted to the Commission of the European 
Communities (Directorate General XII for Science, 
Research and Development), and a grant was 
obtained for studies on coconut Phytophthora 
diseases. The project covers several topics: damage 
surveys and assessments, epidemiological studies, 
disease evolution, inoculum preservation and 
propagation, Phytophthora species identification, 
taxonomic studies and characterization by 
isoenzymatic electrophoresis, chemical, biological 
and genetic control strategies, early planting 
material assessment tests. 

The programme is being conducted in conjunction 
with several organizations: the BALITKA Manado 
Centre: AARD (Indonesia), the PCA Davao Research 
Centre (Philippines), the IDEFOR Marc Delorme 
Station, Port-Bouet (Cote-d'Ivoire), the International 

1 (On ist November 1992, IRCA, IRCC and the IRHO Oil Palm 
and Coconut Programmes were merged to form CIRAD-CP (Tree 
Crops Department). 
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Mycological Institute: IMI, Egham (Great Britain), the 
University of Paris VI (France), the lnstituto 
Valenciana de lnvestigaciones Agrarias, Valencia 
(Spain) and CIRAD, Montpellier (France). The project 
began in 1990 and is due to end in 1993. 

On the whole, the project gives high priority to 
information exchanges and complementarity between 
teams of researchers in Europe and those in the 
Tropics. The project has also enabled a Philippine 
researcher and an Indonesian researcher to conduct 
Phytophthora taxonomy studies in Europe, at CIRAD 
for characterization by isoenzymatic electrophoresis 
and at IMI for species identification based on 
morphology. An initial meeting of researchers was 
held at CIRAD in Montpellier in September 1991. 
During this meeting, it was agreed that a further 
meeting should be held in the field. 

With funding from the Commission of the European 
Communities, all the researchers involved in the 
project were able to meet in Manado (Indonesia), 
and different specialists and personalities from 
Indonesia and Jamaica also joined the team. 

The joint seminar organized by IRHO/CIRAD and 
the BALITKA Centre in Manado from 26th to 30th 
October 1992 provided an opportunity to take 
stock of the studies under way and helped to 
strengthen contacts between the researchers. 

Disease impact and 
epidemiology 

Coconut bud rot due to Phytophthora is irregu
larly distributed on hybrids in Indonesia, and the 
highest disease incidence generally corresponds to 
the wettest areas, although some plantations are an 
exception to the rule. The type of planting material 
cannot be dissociated from this analysis, as it is one 
of the most important factors for consideration 
when assessing damage. Disease incidence also 
tends to decrease with age. In Jamaica, hybrid 
material is acknowledged to be quite susceptible, 
but less so than the Malayan Red Dwarf, albeit with 
seasonal variations. 

Nut damage, which is particularly severe on Yellow 
Dwarfs in Indonesia, mainly concerns immature 
bunches, particularly dur i ng the rainy season. 
Parasite propagation is either horizontal, by contact 
between bunches, or vertical, between nuts within 
a given bunch. The role of rainwater and insects in 
propagation was demonstrated. 

Epidemiological study models were presented. 
Their application to plots affected by Phytophthora 
in Cote-d'Ivoire suggests the existence of two 
propagation phases: 

•an aggregative phase, during which contam
ination is from tree to tree, 

• a regular phase, during which new cases appear 
some distance away from the initial foci . 

Pathogen 

The stud ies have clearly shown the existence of 
two dominant Phytophthora species: P. palmivora 
in Indonesia and the Philippines and P. katsurae in 
Cote-d'Ivoire. Both species are found in Jamaica. 
Alongside these main two species, P. arecae and 
P. nicotianae are also found in Indonesia. 

Isolate characterization by isoenzymatic elec
trophoresis using the PGI (phosphoglucoisomerase) 
system makes it possible to distinguish between two 
types of P. palmivora strains, one isolated from 
coconut and the other from cocoa, and P. arecae 
differs from P. palmivora by its monomorphic 
isoenzymatic banding pattern, whereas no difference 
is detected using the MOH (malate dehydrogenase) 
system, suggesting that P. palmivora and P. arecae 
are genetically very similar. 

Resistance sources 

Planting material characterization is based on 
different types of information: the field performance 
of planted varieties and the degree to which nuts 
develop lesions following artificial inoculation. 
Amongst the most common ecotypes, it is worth 
noting that the Yellow Dwarf (in Indonesia and the 
Philippines) passes on marked susceptibility to bud 
rot caused by Phytophthora palmivora to its hybrids 
(primarily with the West African Tall). On the other 
hand, the Malayan Yellow Dwarf introduces a 
source of resistance in its hybrid with the West 
African Tall in zones infected with P. katsurae 
(Cote-d'Ivoire). In the presence of P. palmivora, the 
Nias Yellow Dwarf (NYD) x West African Tall 
(WAT) or NIWA hybrid is more tolerant of nutfall 
than the PB 121 - Malayan Yellow Dwarf (MYD) x 
West African Tall or MAWA - hybrid when faced 
with P. katsurae in Cote-d'Ivoire. In Asia, local eco
types are generally more tolerant of P. palmivora 
than introduced ecotypes, although the Polynesia 
Tall and Rennell Tall are less severely affected than 
the Bali Tall in North Sumatra. When confronted 
with P. katsurae, the Polynesia Tall and, to a lesser 
extent, the Rennell Tall, perform as well as in the 
presence of P. palmivora. 

The Malayan Yellow Dwarf (or Nias Yellow Dwarf) 
is susceptible to nutfall caused by P. palmivora; 
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however, it is tolerant of this disease in areas 
affected by P. katsurae. 

The Malayan Red Dwarf is susceptible to bud rot 
caused by P. katsurae in Cote-d'Ivoire, and is also 
susceptible to the same damage in Jamaica, where 
Red Dwarf x Tall coconut hybrids are more tolerant 
of bud rot than the Red Dwarf. It is also worth 
noting that there is variability within a given 
ecotype. This phenomenon is particularly marked 
for West African Tall performance with respect to 
nutfall in the PB 121 hybrid where, depending on 
the WAT parent involved, the percentage of 
diseased nuts ranges from 4.2 to 34.4 %. 

The variability of nut susceptibility to Phytophthora 
can also be detected by artificial inoculation. This 
variability, which brings several factors into play (nut 
age, inoculation method, evaluation criteria) , does 
not always seem to tally with field performance; in 
any event, the data currently available reveal the 
extreme variability of Cocos nucifera performance in 
response to the different Phytophthora species. These 
results show the importance that should be attached 
to breeding and selection for resistance to 
Phytophthora in a given ecosystem. Such work is 
being carried out at BALITKA, where a performance 
trial involving 25 different hybrids (5 types of Dwarf 
x 5 types of Tall) has been set up. 

Control methods 

As regards chemical control, the effectiveness of 
Fosetyl-AI (Aliette) against nutfall due to P. katsurae 
has been demonstrated beyond any shadow of a 
doubt. Stem injection with Fosetyl-AI is currently 
practised on a large scale in commercial 
plantations in Cote-d'Ivoire. In view of the cost of 
treatment, the technique has not yet been extended 
to smallholdings. 

The chemical control experimental structure set up 
in Indonesia to control bud rot caused by 
P. palmivora (the main problem in the area) has not 
yet provided any clear idea of the treatment 
methods that could be applied on smallholdings. 
Based on bioassays on nuts taken from treated 
coconut palms, root uptake using phosphorous acid 
is more effective than stem injection. In Cote
d'Ivoire, on the other hand, root uptake is less 
effective than stem injection; the Chemjet injector 
seems to be more effective and less traumatic for 
the stem than injecting the fungicide after drilling a 
hole in the stem. 

Despite these variable results, studies of phos
phonate mobility in coconut (upward systemic 
effect) and their direct and indirect effectiveness 

against P. katsurae and P. palmivora have con
firmed the need to develop a preventive chemical 
control method. 

The antagonistic properties of Myrothecium 
roridum and M. verrucaria have also been 
demonstrated. These two fungi produce toxins that 
inhibit Phytophthora development in vitro and 
protect young coconut palms in the nursery when 
subjected to artificial inoculation with P. katsurae 
and P. palmivora. Despite these encouraging 
results, a control strategy to protect adult coconut 
palms has yet to be developed. 

In the field 

The seminar was interspersed with two days in 
the field, with visits to some coconut plantations 
being monitored regularly or used for chemical 
control trials, and a trip to the Tiniawangko Nias 
Yellow Dwarf seed garden. 

These visits enabled the phytopathologists, gen
eticists and coconut professionals to exchange 
numerous ideas on disease symptomatology, 
epidemiology and control techniques. 

This was also an opportunity for many participants 
to fully realize the extent of the damage caused by 
Phytophthora and the complexity and importance 
of field research for drawing up an effective control 
strategy against the disease. 

Discussion and conclusion 

Following each paper, numerous questions 
were asked, and discussions centred on five main 
topics reflecting the concerns of the professional 
sector and researchers. 

How do epidemics develop? Where is the inoculum 
source? What are the determining factors in the 
epidemic process? Should intercropping, 
particularly coconut and cocoa, be discouraged? 
What can be expected of preventive methods: 
felling coconuts affected by bud rot, systematic 
elimination of diseased nuts, etc.? It is essential to 
have precise field records for epidemiological 
studies and to assess the different types of planting 
material. 

Is it possible to identify "at risk" zones? What criteria 
could an early warn ing system be based on? How 
can one explain the absence of the disease at the 
Kauditan plantation, although it is already around 
ten years old? Opinions are divided as to the merits 
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(or irrelevance) of developing a study of Phyto
phthora inoculum density in the soil by trapping. 

Chemical control is effective, but should it be 
continued long-term? Might genetic control not be 
preferable? 

Although there are still many points to be looked 
at, the research under way has provided some 
interesting conclusions: 

• two main Phytophthora species, P. katsurae and 
P. palmivora, are the cause of bud rot and nutfall; 
P. nicotianae and P. arecae are also found in 
Indonesia, 

• preventive chemical control is possible to control 
nutfall due to P. katsurae. The treatment tech
niques for preventing bud rot caused by P. palmi
vora remain to be determined (required doses, 
treatment method), 

• there is a potential for biological control of Phy
tophthora using Myrothecium roridum and 
M. verrucaria; field application methods have yet 
to be determined, 

• the Cocos nucifera species contains sources of 
resistance to Phytophthora, and there is also a 

degree of variability within given ecotypes (e.g. 
WAT and RL T). Performance trials can be used to 
identify the most tolerant planting material in a 
given biotope. The BALITKA Centre is preparing 
to set up such a structure. 

The partners in the project have decided to extend 
research unti I the end of December 1993, and 
acknowledge the need to plan further work as a 
follow-up to this initial programme. 
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I ntroduction to coconut Phytophthora diseases 

J.l. RENARD 
CIRAD-CP/URDDC. Phytopathology. BP 5035. 34032 Montpellier Cedex 1. France 

Symptoms 

Phytophthora rot diseases give rise to two types 
of symptoms: 

• drying out of the spear combined with yellowing 
of the central leaf, then centrifugal leaf decay, lea
ving the stem standing with no leaves. This pro
cess can take about a year and the oldest nuts may 
ripen fully. These external signs are symptomatic 
of soft internal rotting of the tissue at the top of the 
stem, which gives off a foul odour, hence the 
name "bud rot" often given to the disease, 

•premature nutfall of nuts aged around 7-10 months. 
Phytophthora infection of nuts takes place in the 
crown and leads to brown mottle, often in a 
depression, sometimes with an oily appearance, 
with an irregular outline, in the equatorial zone of 
the nut. The rot is initially superficial and localized 
but spreads in depth and reaches the nut peduncle, 
causing nutfall. The parasite penetrates the nut via 
the germination "eyes" and decomposes the meat, 
which softens and gives off a foul odour. 

Disease incidence 

The damage caused by the disease depends on 
the planting material and the geographical zone. 

For the Malayan Yellow Dwarf x West African 
Tall hybrid (PB 121), nutfall is predominant in 
Africa, whereas bud rot is the main cause of death 
in Asia. 

On Dwarfs, nutfall and bud rot are usually 
considerable in Asia, whereas in Africa rot incidence 
remains economically tolerable. 

In Asia, the local Tall ecotypes are bud rot tolerant 
on average, but in Cote-d'Ivoire the West African 
Tall is very susceptible. 

The Rennell Tall and the Polynesia Tall are two 
ecotypes with marked tolerance of Phytophthora in 
Asia and Africa. 

Loss evaluations are therefore very unreliable unless 
reference is made to the planting material involved: 

• for bud rot, the death rate can reach 50% of trees 
in a few years on a susceptible cultivar, 

• for nutfall, potential production can be reduced 
by 15 to 30% and the individual production of 
some trees can slump by 75%. 

Geographical distribution 

Most of the coconut growing zones are 
affected by Phytophthora rot diseases: Asia is the 
most affected (Indonesia and the Philippines). 
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Central America (Costa Rica) and the Caribbean 
zone are not spared (Cuba, San Domingo), a focus 
has developed in Africa (Cote-d'Ivoire) since 1977 
and the disease has been reported in the Pacific 
(Vanuatu, French Polynesia, Hawaii) . 

The sudden appearance of bud rot in 1977 on the 
local coconut (West African Tall) in Cote-d'Ivoire is 
doubtless the most spectacular phenomenon and 
remains unexplained. The disease, which was until 
then unknown in this zone, led to the death of 
almost 50% of the coconuts in some smallholder 
plantations aged 7 to 10 years with in 5 years, 
whereas during the same period the older 
plantations (28 years old) remained healthy, with just 
2 to 3% missing plants. In the vicinity, plots planted 
with the MYD x WAT hybrid (PB 121) were affected 
by premature nutfall, also due to P. katsurae. 

Causal agent 

As early as 1907, Phytophthora rot diseases 
were reported on coconut and other palms, such as 
Borassus sp. and Areca catechu. P. palmivora was 
identified by Ashby and Butler in 1920 and 1925, 
from coconut bud rot diseases in Jamaica. Tucker 
(1926) reported a Phytophthora rot in Porto-Rico. 
Reinking (1923) isolated P. faberi in the Philippines. 
It was only in 1970 that coconut Phytophthora was 
mentioned again and several species of Phytoph
thora were reported by different authors between 
1970 and 1992: 

• in the Dominican Republic: P. palmivora, 
Schieber (1970), 

• in India: P. palmivora, Joseph and Radha (1975), 

• in the Philippines: P. palmivora, Begnino (1986), 

• in Costa Rica: Phytophthora sp., Rodriguez 
(1982), 

• in Cote-d'Ivoire: P. heveae, Quillec and Renard 
(1984), 

• in Indonesia: P. nicotianae var. nicotianae and P. 
palmivora, Bennett (1985), 

• in Jamaica: P. palmivora and P. katsurae, Steer 
(1990), 

• in Hawaii : P. katsurae, Uchida and Aragaki 
(1992). 

Symptoms on nuts were reported for the first time in 
1984 by Quillec and Renard. 

Several Phytophthora species seem to be implicated 
in coconut rot diseases. A comparative study of 
isolates seems to be called for, to pinpoint the 
species really involved. 

Varietal susceptibility 

Shortly after the disease occurred in Cote
d'Ivoire, differences in reaction became clear in the 
field. The West African Tall was highly susceptible 
to bud rot, whereas its nuts remained largely unaf
fected; on the other hand, the MYD x WAT hybrids 
(PB 121) were not much affected by bud rot, but 
nutfall was considerable. On the whole, the Mala
yan Yellow Dwarf remained little affected by either 
bud rot or nutfall. These initial observations re
vealed the existence of variability in coconut palm 
reactions to Phytophthora and these results led 
researchers to look more closely at this aspect. 

This is why a performance trial was set up in Cote
d'Ivoire in 1979 and 1980. This trial, which involves 
different cultivars, reveals the great variability of 
coconut with regard to Phytophthora in a given 
environment. The Malayan Red Dwarf and most 
West African Tall hybrids are susceptible to bud rot, 
whereas the Malayan Yellow Dwarf and the 
Polynesia, Rennell and Malaysian origins are hardly 
susceptible, or even highly tolerant. The cultivars 
most tolerant of nut rot include the Cameroon Red 
Dwarf (CRD), the Malaysian Red Dwarf (MRD), the 
Malayan Yellow Dwarf (MYD) and the Vanuatu Tall 
(VTT); the hybrids of Dwarfs with the West African 
Tall suffering the greatest losses. 

In Indonesia, bud rot occurs on hybrids aged from 4 
to 5 years upwards and, in certain zones, the death 
rate can reach 10 to 20%. However, in all the 
situations, nutfall remains a minor problem. In this 
part of the world, the Local Tall coconut is quite 
tolerant of Phytophthora rot diseases on average; this 
tolerance is also found in introduced Rennell Tall 
and Polynesia Tall coconuts. 

These few examples are sufficient to show that the 
performance of a cultivar can vary from one region 
to another and from one continent to the next; 
undoubtedly, rainfall is involved in damage in
tensity, but the Phytophthora species causing the 
damage, P. katsurae and P. palmivora, in Cote
d'Ivoire and Indonesia respectively, are probably the 
main factor involved in the differences in per
formance observed. 

This initial information from the field, obtained 
through general observations of cultivar performance, 
and whose validity cannot be questioned given the 
diversity of the sites surveyed, and through field 
performance trial results with a strict experimental 
design, show that there is considerable variability 
within the Cocos nucifera species as regards reaction 
to Phytophthora. In a zone with a high inoculum 
potential, the sources of resistance are expressed with 
a few years. 
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Obtaining a variety tolerant of a given pathogen 
always takes quite a long time, which is not always 
compatible with growers' requirements as regards 
short-term effectiveness. This is why in many cases, 
or as a one-off, chemical control can provide a 
solution to the problem. 

Chemical control method 

Recent investigations carried out in Cote
d' lvoire have revealed the effectiveness of chemical 
control in reducing the incidence of Phytophthora 
diseases on coconut, and more particularly against 
premature nutfall, a major problem in that country 
on PB 121. 

A complete experimental design was set up in a 
commercial plantation of PB 121 hybrid coconuts 
severely affected by premature nutfall. Aliette (a.i. 
Fosetyl-AI) was adopted given the known specificity 
of this product on Phytophthora and its systemic 
properties. Research concentrated on doses, 
frequencies and the period of application. 

The trials led to the following conclusions: 

• injecting the product into the stem provides effec
tive protection against nutfall (Fig. 1 ), 

• treatment effectiveness depends on the dose 
applied and the application method (Fig. 2): 

- a dose of 1 0 g of Aliette (80% Fosetyl-AI) 
applied once is as effective as two 6 g doses 
applied in March and September, 

- the same dose of Aliette is more effective in a 
split application in two holes, than applied in just 
one hole (in the stem), 

• the best period for treatment is in April, just 
before the rainy season (Fig. 3), 
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Figure 1. Nutfall trends in trial A, from April 1984 
to April 1986. 
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Figure 3. Nutfall figures over 2 harvesting years in 
trial B. The lowest losses (3.1 %) correspond to 
April 1984 treatment. 

• a single treatment provides protection for at least 
two years (Fig. 1 ), 

• for nutfall of around 20% in an untreated planta
tion, Aliette application by stem injection reduces 
nutfall to less than 5%. 

On the basis of such results, around 5,000 ha of 
coconuts have been treated with Fosetyl-AI in Cote
d'Ivoire. 

Conclusion 

The damage caused by Phytophthora in coco
nut plantations over the last ten years or so has 
become worrying. Whatever the origin of this out
break, the current situation reveals the potential 
danger of such diseases, hence these risks have to 
be taken into account in the development of 
coconut growing and plantation renewal through 
studies which have to be conducted simultaneously 
with research to improve productivity in general. 

As early as the mid-1980s, the work carried out in 
Cote-d'Ivoire provided ways of controlling Phyto
phthora diseases in that country (de Franqueville 
and Renard, 1989), though the results could not be 
extended to all the countries affected by Phyto
phthora due to the suspected {if not already known) 
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variability in the performance of certain types of 
planting material in the different countries. 
Moreover, the extreme confusion existing in 
identification of Phytophthora strains adds a 
heterogeneity factor which has to be taken into 
account, among other things, when assessing 
planting material performance. There was thus an 
obvious need to strengthen research on coconut 
Phytophthora diseases. A project was thus launched, 
uniting the countries faced with the problem and the 
relevant institutions, to step up research with a view 
to defining a Phytophthora disease control strategy 
adapted to the different zones affected. This project, 
which is receiving funding from the Commission of 
the European Communities (Directorate for Science, 
Research and Development) was launched in 1990. 

The programme covers three main topics: 

Taxonomy 

Identification of the Phytophthora species involved 
in rot diseases, taking two major approaches: 
conventional taxonomy based on morphology, and 
characterization through isoenzyme profiles. 

Epidemiology 

This study comprises all the field data (disease 
incidence in the field, influence of environmental 
factors), along with a study of how the disease 
spreads and potential sources of inoculum. 

Control method 

This topic is divided into four main aspects: 

•chemical control with the choice of a reliable 
treatment method that can be used by smallhol
ders, 

• genetic control, through identification of resis
tance sources and a comparison of reactions in 
different countries, 

• biological control geared towards identifying 
microorganisms effective against Phytophthora 
and capable of playing a role in plantations, 

• agricultural control, through recommendations 
for plantation management (detection and eradi
cation of diseased trees, effect of fertilization, 
etc.). 

The purpose of this seminar is to take stock of the 
research under way on coconut Phytophthora 
diseases. 
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Phytophthora in relation to climate 
and coconut cultivar 

S.N. DARWIS 
Pusat Penelitian dan Pengembangan Tanaman lndustri. JI. Tentera Pelajar No 1 • Bogar 16111. Indonesia 

Introduction 

Coconut palms are very popular in Indonesia, 
where about 3,4 million hectares of land are 
cropped with coconuts. Coconut is not only econo
mically important, this crop also has a high social 
and cultural impact. 

Average coconut yields in Indonesia remain 
relatively low, only about 1 OOO kg copra equiv
alent/year/ha. This is because of the old age of 
palms, low levels of crop maintenance, inadequate 
plant protection measures, etc. 

Total coconut production is increasing, due to the 
increasing area planted with coconut. But crop 
productivity still remains stable, almost no 
improvement after two decades of development. 
Indonesia is number one in the world regarding the 
planting of high-yielding hybrid coconuts such as PB 
121, etc. However it does not yet have a significant 
effect on coconut productivity in Indonesia. In 
farmer's hands growth performance and productivity 
of coconut hybrids are not so good. Even though it 
has been supported by several government projects 
such as SCDP (Smallholder Coconut Development 
Project). 

After introducing some new-improved varieties of 
hybrid coconuts in Indonesia, several diseases are 
present, such as stem bleeding, premature nutfall 

and bud rot. Almost all the areas planted with PB 
121 in North Sumatera, North Sulawesi, Maluku and 
others, have had serious damage from fatal bud rot 
disease caused by Phytophthora sp. 

Learning from experience in agricultural devel
opment, regarding the adoption of new technology, 
we would now need to include a package of 
technology from several disciplines. Concerning 
Phytophthora problems in coconut development, 
we require the appropriate technology for breeding, 
cultural practices, etc., which can be summarized 
as IPM (Integrated Pest Management). 

Bud rot and premature nutfall 

Infection bud rot of coconut palms is presently 
the most widespread and lethal fungal disease of 
coconut hybrids in Indonesia. This disease is 
actually found in most coconut growing countries 
of the world, although severity varies according to 
location, varieties and environmental conditions. 

The primary causal agent of the disease was 
identified to be the fungal pathogen Phytophthora 
palmivora by Butler (1919), as early as 1913 in 
India. Recently, bud rot has become a common 
pathological problem in PB 121 coconut plantations 
in Indonesia. 
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Table 1. Bud rot on coconut hybrids 

Location Variety Planting time 

Bangun Purba CRD xWAT 1977 
EG x WAT 1977 
MYDxWAT 1977 
WAT x PYT 1977 
WAT x RNT 1977 
PB 121 1977 

Bergen MRDxWAT 1976 
MYDxWAT 1976 
MYD x PYT 1976 

Kima Atas NYD xTAT 1984 
NYDxWAT 1984 
NYD x BIT 1984 

Pandu NYD xTAT 1977 
Dimembe PB 121 1982 
Aimadidi PB 121 1982 
Tompe PB 121 1982 
Sa bang PB 121 1982 

Abnormal nutfall is a disease of the fruit. Premature 
nutfall is due to infection by Phytophthora species. 
Usually abnormal nutfall is found in association with 
bud rot as the causal pathogens and the conducive 
conditions are similar in both cases. In Indonesia 
bud rot is observed predominantly in areas planted 
with PB 121 coconut hybrids. In some locations in 
North Sulawesi and North Sumatera, the loss in PB 
121 plantations has reached over 40 percent (Bennet 
et al, 1989). 

Recently, the Directorate General of Estate Crops 
conducted a survey on coconut diseases caused by 
Phytophthora sp. throughout Indonesia. Some 
findings of the survey are shown in Tables 1, 2 and 3. 

It should not be considered that the data in Table 1 
concern a variety trial, since location, time of 
planting and management are different. But it can be 
concluded that PB 121 and hybrids using WAT as 

Table 2. Bud rot on tall coconut 

Location Variety Planting time 

Bangun Purba BIT 1977 
WAT 1977 
RNT 1977 
PYT 1977 

Bergen WAT 1976 
WAT 1976 
RNT 1976 
PYT 1976 
TAT 1978 
BIT 1978 

Pakuwon TAT 1977 
BIT 1977 
PUT 1977 

Source: DGE, 1982 

Number of trees Bud rot% Remarks 

320 47 Experiment 
320 33 
320 44 II II 

320 14 
320 23 

2211 45 Commercial 

144 10 Experiment 
144 3 II II 

144 0 

64 14 Experiment 
64 3 
64 3 

785 0.4 Experiment 
1198 14 SCDP 
1430 31 SCDP 
685 14 SCDP 
705 21 SCDP 

one of the parent materials are susceptible to 
Phytophthora sp. 

Nias Yellow Dwarf is susceptible to Phytophthora 
sp .. The Pandangratu seed garden is still sound, but 
it does not show any resistance. 

Relation with coconut varieties 

Under the coconut research and development 
program in Indonesia, several Dwarf and Tall varie
ties of coconut have been used as parent materials 
in hybridization and some cultivars are still in the 
collections. 

Dwarf Types: 

1 . Cameroon Red Dwarf (exotic) 

2. Guinea Equatorial Green Dwarf (exotic) 

Number of trees Bud rot% 

320 14 
1084 33 
1837 2 
1404 2 

144 5 
1084 8 
600 1 
298 0.1 
465 0.1 
904 0.1 
48 0.1 
48 0.1 
48 0.1 

Source: DGE, 1982 

Remarks 

Experiment 
Seed garden 

II II 

Experiment 
Seed garden 

II II 

II II 

II II 

Experiment 
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3. Malaysia Green Dwarf (exotic) 

4. Malaysia Red Dwarf (exotic) 

5. Nias Yellow Dwarf (Indonesia) 

Several Indonesian Dwarfs which are still being 
experimented are: 

6. Raja Dwarf 

7. Sala Dwarf 

8. Bali Yellow Dwarf 

Tall Types: 

1. West African Tall (exotic) 

2. Polynesian Tall (exotic) 

3. Rennell Tall (exotic) 

4. Bali Tall (Indonesia) 

5. Tenga Tall (Indonesia) 

6. Palu Tall (Indonesia) 

Several Indonesian Talls which are still being 
experimented are: Jepara Tall, Jombang Tall, 
Banyuwangi Tall, Boyolali Tall, Lb Packam Tall, 
Riau Tall, etc. 

Mother palms planted in most seed gardens in 
Indonesia now are Nias Yellow Dwarf (mostly), 
followed by Malaysian Yellow Dwarf. Based on 
observations and research findings as it is certain 
that Nias Yellow Dwarf is not the same Malaysian 
Yellow Dwarf, and that hybrid NYD x WAT is not 
PB 121, because PB 121 is MYD x WAT. We thus 
named NYD x WAT as NIWA. 

NYD is widely used in most of the seed gardens in 
Indonesia and WAT is still the most popular as a 
pollen resource. The coconut hybrids in Indonesia 
are dominated by NIWA. Unfortunately, both NYD 
and WAT are susceptible to Phytophthora sp., as 
indicated in Table 2 and Table 3. 

In the long term, breeding for resistant or tolerant 
varieties and introducing them to bud rot pruned 
areas may give more permanent control. 

Further screening and breeding work is necessary to 
find varieties and progenies which are more resistant 
or tolerant to Phytophthora diseases of coconut. 

According to the survey findings shown in Tables 1, 
2 and 3, the degree of tolerance and resistance 

Table 3. Bud rot on Dwarf 

Location 

Padangratu 

Paniki 
Sukamenanti 

Variety 

NYD 
MRD 
MYD 
CRD 
NYD 
CRD 
NYD 

Planting time 

1985 
1985 
1985 
1985 
1977 
1982 
1982 

differs among coconut varieties. We have to be extra 
careful to select the best coconut variety for 
widespread extension to farmers, especially those to 
be used in seed gardens as parent materials. 

Relation with climate 

Climate factors related to fungal disease or Phy
tophthora sp. are rainfall and humidity. We cannot 
control the rainfall, but relative air humidity under 
the coconut canopy can be more or less modified. 

Rainfall 

High rainfall intensity in certain areas causes low 
solar radiation and high air humidity. The optimum 
annual rainfall for coconut is 1200-2500 mm 
(Abeywardana, 1985; Thampan, 1960; Child, 1964; 
Darwis, 1985). Coconut is a sun-loving crop, it 
requires high solar radiation and high humidity but 
these conditions promote the development of fungal 
diseases. Varghese (1934) reported that high air 
humidity causes bud rot disease on coconut. 

Since rainfall cannot be control led, the only 
possibility is to carry out climate or rainfall 
suitability mapping. Let us use areas to be planted 
with coconuts which have rainfall patterns suitable 
for the palms. This problem has to be taken into 
serious consideration especially when we want to 
grow a susceptible variety such as PB 121. 

Air humidity 

Copeland (1931) stated that high relative air 
humidity reduces transpiration activity and increases 
the development of fungal diseases. Premature 
nutfall in coconut in North Sumatera due to high air 
humidity was first reported by Copeland (1931 ). It 
was reported that fungal infection on coconut occurs 
when the relative air humidity is higher than 
94 percent and the temperature lower than 24°C. 

In open spaces it is hard to find humidity higher than 
94 percent. Darwis (1985) reported that air humidity 
in the main coconut growing area in Indonesia 

Number of trees 

11,785 
7,417 
5,052 
2,565 

840 
1,280 
2,026 

Bud rot% 

0 
0 
0 
0 

35 
7 

14 

Source: DGE, 1982 

Remarks 

Seed garden 

Seed garden 
Seed garden 

II II 
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ranges between 73 percent and 90 percent, 
depending on location and time (month). 

But agroclimate data are usually recorded at open 
air stations. No observations on microclimate are 
obtained under the canopy. We have to monitor the 
air humidity under the canopy. With the very limited 
solar radiation under the canopy, large amounts of 
evaporation from broad leaf cover crops can create 
ideal conditions for fungal development. 

I would like to suggest that it is now time to forget 
about conventional planting systems for coconut 
palms (triangular or square system). Alley cropping 
(fencing) systems or aerodynamic coconut planting 
systems, which has been introduced by Coconut 
Research Institute in Manado should be used. 
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Epidemiological studies on Phytophthora diseases of 
coconut in North Sulawesi province, Indonesia 

J.M. THEVENIN, H.F.J. MOTULO, 5. KHARIE, H.F. MANGINDMN, J.S. WAROKKA 
Balai Penelitian Kelapa (Balitka). PO Box 1004. Manado 95001. Indonesia 

Introduction 

Bud rot caused by Phytophthora has been 
known for several decades on coconut, but the 
damage was no doubt only slight initially. Since the 
1970s the disease has become increasingly serious 
and premature nutfall, a disease not previously 
seen, has appeared. Damage has been reported in 
many countries in the intertropical zone and 
several species are involved, including: P. palmi
vora, P. arecae, P. katsurae, P. heveae and P. nico
tianae (Quillec and Renard, 1984). 

In Cote-d'Ivoire, bud rot due to Phytophthora was 
reported for the first time in 1977 on the West 
African Tall (WAT) in a smallholder plantation 
around twenty years old, whereas the first attacks on 
Dwarf x Tall hybrids occurred in 1981. Premature 
nutfall occurred in 1982 on the PB 121 hybrid 
(Malayan Yellow Dwarf x West African Tall) 
(Quillec et al., 1984). 

In Indonesia, the first cases of bud rot were reported 
in 1984 in the PB 121 hybrid demonstration plot, 
Pandu, North Sulawesi; premature nutfall caused 
serious damage in 1986 on the Nias Yellow Dwarf 
(NYD) in the Paniki seed garden, North Sulawesi 
(Bennet et al., 1985). 

The primary infection and spread of these two 
diseases remain uncertain. Hypotheses suggesting 

the role of insects, rodents and labourers have been 
put forward. The role of rainwater in transporting the 
parasite and its conservation in the organic matter 
collected in the leaf axils has been proved 
(Thevenin, 1992). 

After a recap of the symptoms, this paper goes on to 
present the first results regarding bud rot devel
opment over time, and the effects of phytosanitary 
checks on the development of premature nutfall. 

Symptoms 

These were described in detail by Quillec and 
Renard, 1984 and Quillec et al., 1984. 

Bud rot 

The first characteristic external symptoms are wilting 
of the spear and of leaf No. 1, which bend and hang 
down through the petioles of the older leaves. 
Several weeks later, the upper leaves turn yellow 
and the crown gradually turns brown from top to 
bottom. The central leaves, then the lower leaves fall 
and eventually only the bare stem remains. The 
lengthy persistence of the lower leaves and 
continued nut ripening is due to the fact that the 
roots remain healthy and continue to feed the palm. 
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By the time the first external symptoms appear, the 
internal symptoms are already advanced: a foul 
smelling interna l rot, violet to pale pink in colour, 
can be seen below the terminal bud. This zone is 
surrounded by a brown line. 

Nutfall 

Fawn to brown marbling with irregular edges 
appears on the epicarp; the rim of these patches is 
yellowish with a more or less translucent and 
apparent greenish border depending on the variety 
of coconut. These symptoms appear primarily in the 
basal and apical zones of the nut. Once again, the 
external symptoms often do not reveal the true 
extent of the attack, since Phytophthora invades the 
entire thickness of the mesocarp, spreading towards 
the abscission zone, and enters the nut either 
through the shell (if it has not completely formed) or 
through the germination eyes. The lysed copra has a 
translucent and puffy appearance. In the field, it is 
usually nuts 7-10 months old that have these 
symptoms. 

Method 

Bud rot 

Regular observations were carried out on nine PB 
121 hybrid plantations and in two Nias Yellow 
Dwarf seed gardens between October 1990 and 
May 1992 (Table 1 ). The palms were marked on a 
map and the symptoms coded as follows: 

Table 1. Plots studied 

I : healthy palm 

1 : spear wilt 

2 : spear and leaves 1 and 2 fallen 

3 : wilting of leaves in the upper crown 

4 : upper part of crown missing 

5 : a few green leaves remaining on the tree 

6 : only dry leaves hanging down the stem, or stem 
alone 

x : felled coconut 

The correlation between monthly rainfall and the 
monthly increase in the percentage of palms affected 
by bud rot was studied by the unweighted least 
squares linear regression method (Student's test). In 
order to assess the delayed effect of rainwater on the 
appearance of new cases of the disease, data were 
staggered by 0 to 12 months in relation to each 
other, hence 1 3 analyses were carried out. 

Nutfall 

The study involved a total of 547 Nias Yellow 
Dwarfs in the Paniki seed garden. For each bunch, 
affected nuts and healthy nuts were counted, along 
with nuts already lying on the ground. 

Phytosanitary control trial 

A phytosanitary control trial was set up in June 
1991, to study Phytophthora persistence in the tree 
and assess the effect of phytosanitary operations on 
bud rot and premature nutfall development. 

Design 

Block A • cutting of bunches attacked by nut rot 

•felling of palms affected by bud rot 

location Planting date Variety Total number % attack in % attack in Increase% 
of palm October 1990 May 1992 

Tiniawangko 1983-1984 NYD 1021 10.4 24.0 13.6 
Paniki 1977-1978 NYD 340 33.6 35.9 2.3 
Airmadidi 1980 PB 121 541 21.8 40.4 18.6 
Dimembe 1980 PB 121 345 17.7 19.5 1.8 
Kologan 1 1983 PB 121 206 23.8 30.2 6.4 
Tetey 3 1985 PB 121 125 3.2 8.0 4.8 
Kauditan 1984 PB 121 465 0 0 0 
Fungicide trials 
Koka 1983 PB 121 529 21 .9 34.7 12.8 
Pinilih 1984 PB 121 510 11.2 23.1 11 .9 
Tetey 1 1984 PB 121 525 18.5 24.0 5.5 
Kolongan 2 1984 PB 121 561 7.5 18.5 11.0 
Tetey 2 1983 PB 121 81 9.9 14.8 4.9 
Warisa 1984 PB 121 578 not avalaible 32.3 
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•spraying of Difolatan 4F (100 cc/101 
water, 11 of solution per palm) on the 
bunches of palms affected by nut rot 

Block B • cutting of bunches attacked by nut rot 

Block C • cutting of bunches attacked by nut rot 

• felling of palms attacked by nut rot 

Block D • Control 

Each block was a 1 ha plot. Three phytosanitary 
harvests were carried out, primarily during rainy 
periods: June 1991, February 1992 and April 1992. 

Results and discussion 

Bud Rot 

The curve showing changes in the bud rot percentage 
reveals plateaux in certain plots such as Koka and 
Airmadidi during which the disease stabilizes (see 
Figure 1). This phenomenon led us to check whether 
there was a delayed rainfal I effect on the monthly 

% of bud rot 
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Figure 1. Variations in the percentage of bud rot 
disease at Airmadidi and Koka. 

increase in the bud rot percentage. The results of the 
analysis, after comparing the bud rot data for month 
M with the respective rainfall figures for months M, 
M-1, M-2, ... , M-12 are given in Table 2. 

Although the correlation coefficients "r2" were not 
always very high (maximum value: 36.2%), they 
showed that there was a relationship between rain
fall and bud rot development and that the maximum 
r2 values were obtained in most plots 6 to 10 
months afterwards. 

Taking the plots one by one, it does indeed appear at 
Koka, Pinilih, Tetey 1 and Dimembe in particular that 
the maximum number of new cases occurred 6 to 10 
months after heavy rainfall. This suggests that Phyto
phthora development was intense during this wet 
period and that the incubation period was the time 
taken for fungus penetration followed by its devel
opment inside the coconut up to reaching the bud 
and the appearance of the first external symptoms. 

Nutfall 

A precise study was carried out in December 1991 
during the rainy season on the Nias Yellow Dwarf in 
the Paniki seed garden in North Sulawesi. The 
results are given in Table 3 and Figure 2. 

Table 3. Nutfall at Paniki (Decembre 1991 ). 

Total number of palms observed : 
Average number of bunches per palm : 
Palms affected by nut rot: 
Number of bunches attacked per 
diseased palm : 
Nuts affected per diseased bunch : 
% palms with rotten nuts in the crown 
and on the ground : 
% palms with rotten nuts on the ground 
but not in crown : 

547 
15.4 
25% 

1.7 
36.7% 

7.8 

2.4 

Out of the total of 547 palms, a quarter revealed nut 
rot symptoms, often with several bunches attacked 

Table 2. Relationship between rainfall and bud rot (value of the correlation coefficient r2) 

0 2 3 4 5 6 7 8 9 10 11 12 

Tiniawangko 0.8 3.5 6.8 0 .1 13.3 0.4 1.2 11 .2 2.1 16.8 17.4 12.9 1.7 
Paniki 0 0.9 12.4 3.5 0.1 1.6 2.7 15.1 2.6 24.2 3.2 1.4 0.1 
Airmadidi 2.8 1.6 3.8 0.9 0.6 6.0 12.9 36.2 0 24.5 2.7 5.8 14.5 
Dimembe 2.3 16.6 1.4 1.8 7.9 17.5 12.2 6.3 4.5 5.9 15.3 10.3 2.4 
Kolonganl 0.8 0 3.7 0.1 4.3 1.5 15.1 17.2 0.9 29.l 0.5 7.6 14.9 
Tetey 3 0 2.5 4.4 6.5 0.8 0.7 11.5 3.6 4.2 0.2 0.8 1.1 2.9 
Koka 8.3 4.4 0.3 9.6 0.2 0.4 2.6 10.2 31.6 3.6 31.0 3.5 2.5 
Pinilih 0.3 0.9 1.7 0.1 3.5 5.3 0.2 11.3 11.2 3.2 1.4 0.4 2.9 
Tetey 1 1.9 1.9 1.8 0.8 2.9 4.2 0.1 7.1 4.8 0.4 0.5 13.6 0.8 
Kolongan 2 1.2 7.3 0 0.7 0.3 6.3 0.6 0.9 12.6 0.2 1 .1 0.4 2.4 
Tetey 2 3.4 0 .7 0.4 4.7 3.4 0 .5 1.2 20.7 11.7 3.5 0.6 2.8 8.4 
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Bunchea B affec t ed 

Tota l a f fected bunc he a 

Figure 2. Bunches affected by immature nutfall 
disease 

on the same palm, though not in the majority of 
cases. When a bunch is attacked, more than a third 
of the nuts in the bunch are rotted by Phytophthora 
on average. Some palms also had rotten nuts lying 
on the ground, with no symptoms on the nuts still in 
the crown. In this case, either all the affected nuts in 
the crown had already fallen, or the nuts had fallen 
for a different reason (e.g. a physiological cause) and 
then caught Phytophthora, which is widely present 
in the soil. 

The nuts rotted by Phytophthora belonged to the 
bunches of leaves 12 to 29, with a large majority of 

bunches subtended by leaves 20 to 25. The situation 
is as if there was an incubation period and slow 
development of the disease on the bunches of leaves 
12 to 19 and intense disease development on the 
bunches of leaves 20 to 25 with contamination from 
nut to nut, prior to falling of the affected nuts, 
belonging to bunches 25 to 29. 

Phytosanitary control 

The development of bud rot and nut rot caused by 
Phytophthora during the observation period is shown 
in Tables 4 and 5. 

Bud rot 

New cases of the disease were very rare, 2 in block 
A, 3 in block B, 4 in block C and 1 in block D. It is 
therefore impossible to reach any conclusions as to 
any role played by phytosanitary intervention on bud 
rot development in this experiment. 

Nut rot 

The results are given in Table 6. 

It needs to be pointed out first of all that block A was 
less affected by nut rot than the other blocks even 
before phytosanitary intervention. 

Table 4. Bud rot development (number of palms affected) 

04/91 06/91 11/91 

A 39 39 40 
B 63 63 65 
c 49 49 51 
D 36 36 36 

Table 5. Nut rot development 

04/91 06/91 11/91 

A 11.3 11.3 6.1 
B 28.9 37.8 15.5 
c 26.2 40.8 5.8 
D 23.5 n.a. 10.1 

Table 6. Phytosanitary intervention and nutfall 

1 2 3 4 5 6 7 

A 11.3 35.7 58.5 88.9 77.8 0 100 
B 28.9 78.9 80.3 64.9 43 .8 17.8 39.9 
c 26.2 69.9 47.2 58.6 31.0 11.6 55.7 
D 23.5 58.0 8.4 64.2 

01/92 

40 
66 
52 
36 

01/92 

16.5 
34.4 
43.7 
31.9 

02/92 03/92 04/92 05/92 08/92 

40 40 40 41 41 
66 66 66 66 66 
52 53 53 53 53 
36 36 36 37 37 

02/92 03/92 04/92 05/92 08/92 

12.2 0 5.2 2.6 0 
33.3 0 14.4 7.8 17.8 
29.1 0.9 24.3 14.6 11.6 

n.a. 0.8 14.3 7.5 8.4 

N.B. 1: % palms affected by nut rot at the start of the experi-
ment (April 1991 ). 

2: % palms attacked at one time or another by nut rot. 

3: % attacked palms having been subjected to at least 
one phytosan itary harvest. 

4: % palms with no nut rot symptoms after phytosani
tary intervention (1, 2 or 3 phytosanitary harvests). 

5: % palms with no nut rot symptoms after a single 
phytosanitary harvest. 

6: % palms affected by nut rot in August 1992. 

7: overall reduction in the percentage of palms affected 
by nut rot during the period in question. 
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The disease percentage fell three times, in November 
1991, March 1992 and May 1992, even without 
phytosanitary intervention. This was due to climatic 
conditions, nutfall being very closely linked to 
rainfall. 

Although the percentage of palms attacked by nut 
rot fell in all the blocks in May 1992, the percentage 
was maintained or increased in blocks B, C and D in 
August 1992, whereas it continued to fall in block A 
reaching nil. This may be due to fungicide sprayin~ 
in block A. 

Of the palms subjected to at least one phytosanitary 
harvest, the highest success percentages were 
obtained in block A: 89.9% of the palms harvested 
at least once subsequently showed no further signs 
of nutfall in this block, and for 77.8% of the palms a 
single phytosanitary harvest was sufficient to 
eradicate the disease. 

Between the beginning of the experiment in April 
1991 and the observations in August 1992, the 
overall reduction in the number of palms affected by 
nutfall was 100% in block A, whereas it remained 
moderate in the other blocks. 

Conclusion 

The rainfall pattern during the year played a 
role in the development of the diseases due to Phy
tophthora on coconut. With an effect that is 
delayed to varying degrees, it leads to the appea-

ranee of new bud rot cases, whereas its effect is 
seen much sooner in the case of nut rot. 

Almost all the bunches can be affected by nut rot, 
but the maximum symptoms are seen on the 
bunches of leaves 20 to 25. 

The problem for phytosanitary intervention lies in 
nut rot dynamics, as the symptoms can develop very 
rapidly and a palm can therefore be overlooked in a 
phytosanitary harvest. Removing affected bunches 
does not seem to be sufficient to eradicate the 
disease and the effect of spraying fungicide in the 
crown needs to be confirmed. 

These initial observations and analyses should be 
followed up over a longer period so as to confirm or 
negate these preliminary results. 
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Coconut Phytophthora diseases in Indonesia 
etiological aspects 

J.M. THEVENIN 
Balai Penelitian Kelapa (Balitka). PO Box 1004. Manado 95001. Indonesia 

Introduction 

Phytophthora attacks on coconut result in two 

types of symptoms: 

• bud rot, leading to tree death, 

• immature nutfall. 

These two symptoms are generally independent, but 
can occasionally be found simultaneously on the 
same tree (Quillec et al., 1984). 

Damage due to Phytophthora has been observed in 
many countries in the intertropical zone: Sri Lanka, 
India, Papua New Guinea, the Philippines, Vanuatu, 
Fiji, French Polynesia, Indonesia, the Dominican 
Republic, Colombia, Cote-d'Ivoire (Quillec et al., 
1984). The species involved differ depending on the 
country, viz.: 

• P. palmivora has been isolated in Jamaica, Indo-
nesia, French Polynesia and the Philippines 

• P. heveae in Vanuatu and French Polynesia 

• P. katsurae in Cote-d'Ivoire and Jamaica 

• P. parasitica in Costa Rica 

• P. nicotianae and P. arecae in Indonesia 

(Steer and Coates Beckford, 1990; de Franqueville 
and Renard, 1989; Hall and Warokka, 1992). 

Although extensive work has already been carried 
out in certain countries, it has concentrated on the 
development of a chemical control technique and 

the search for Phytophthora-tolerant varieties along 
with the development of artificial inoculation tests, 
primarily on nuts. We intend to give the results of 
the first experiments carried out in North Sulawesi in 
an attempt to find the inoculum in different media 
such as the soil, organic matter and rainwater. 

Method 

Table 1 gives plot characteristics at the time of 

the different sampling rounds. 

Rainwater 

Three plastic trays were fitted to a bamboo pole 15, 
35 and 75 cm from the ground. The rainwater col
lected in the trays was transferred to the laboratory 
for trapping using young Nias Yellow Dwarf nuts (6-
8 months), disinfected beforehand using alcohol at 
96°. The control was five samples of sterile distilled 
water. The isolation of Phytophthora on the nuts 
infected after trapping was to be taken as proof of 
the presence of infectious propagules in the sample 
tested. 

At Koka (Exp. K1 ), four bamboo poles were placed 
under coconut trees affected by bud rot, four under 
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Table 1. Plots used 

Site Exp. N° Variety Planting Year Area % bud rot 

Kok a K1 PB 121 1983 4 ha 34% 
K2 PB 121 1983 4 ha 34% 

Paniki K3 PB 121 1983 4 ha 34.7% 
P1 NYD 1977/78 20.8 ha 35% 

Airmadidi P2 NYD 1977/78 20.8 ha 35% 
P3 NYD 1977/78 20.8 ha 35% 

Kauditan A1 PB 121 1980 4 ha 38.8% 
A2 PB 121 1980 4 ha 40.4% 
Kd1 PB 121 1984 4 ha 0% 

NB: NYD = Nias Yellow Dwarf - PBl 21 = Nias Yellow Dwarf x West African Tall hybrid 

healthy trees and four in the interrow. Rainwater 
was collected three times. 

At Paniki (Exp. P1 ), a total of forty bamboo poles 
were placed under healthy trees and trees affected 
by bud rot and/or nut rot. Five bamboo poles with a 
tray fixed at a height of 2.50 m were also placed 
under the crown of trees affected by bud rot. Water 
was collected from the trays five times, with the 
condition of each tree noted at the time of each 
sampling round. 

Soil and organic matter 

Soil samples were taken at a depth of 10-15 cm, 
around 50 cm from the stem. The organic matter 
samples comprised the residues found in the leaf 
axils. 

As above, after moistening the samples with distilled 
water, trapping was carried out in the laboratory 
using immature Nias Yellow Dwarf nuts. Symptom 
appearance was monitored each day and systematic 
isolations were carried out to check the presence of 
Phytophthora. 

In experiments Kd1, A 1 and K2, simultaneous 
trapping was carried out in the field at each samp
ling point, using two PB 121 hybrid nuts from the 
plot studied. 

Table 2. Trapping from rainwater samples at Koka 

Tree condition 

BR 
Healthy 
lnterrow 

Total 

1 

1 
2 
0 

3 

a 

2 

13 
12 
10 

35 

3 1 

7.7 2 
16.7 1 
0 0 

8.6 3 

As the Kauditan plot was not affected by bud rot, the 
soi I samples were taken around 50 healthy trees 
chosen at random in the plot. For the other plots, 
sample distribution was determined according to the 
phytosanitary condition of the trees; furthermore, 
priority was given to trees with recent bud rot 
symptoms. 

Results and discussion 

Rainwater 

The results are given in Tables 2 and 3. 

In both experiments, the success rate for 
Phytophthora trapping was higher for tray "c" 
(15 cm from the ground) than for trays "a" and "b"; 
this may be due to rainwater splashing, which 
projects soil particles, and sometimes Phytophthora 
propagules, into the tray. 

It was difficult to trap Phytophthora in the samples 
taken from the interrow: a success rate of 3.3%. 
There are several explanations for this: 1. There may 
not have been much inoculum in the soil at the 
sampling points, and despite the splashing pheno
menon, very few propagules were projected into the 

b c Total 

2 3 2 3 1 2 3 

13 15.4 13 7.7 4 39 10.2 
12 8.3 2 12 16.7 5 36 13.9 
10 0 1 10 10 1 30 3.3 

35 8.6 4 35 11.4 10 105 9.5 

NB: "a" : tray 75 cm from the ground 

"b" : tray 35 cm from the ground 

"c": tray 15 cm from the ground 

1 : number of samples with positive 
trapping 

3 : success rate (%) 

BR: bud rot 
2 : number of samples taken 
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Table 3. Trapping from rainwater samples at Paniki 

a b c d Total a, b, c 

Tree condition 1 2 3 1 2 3 2 3 1 2 3 2 3 

NR 2 9 22.2 4 10 40 3 10 30 9 29 31 
BR 1 43 2.5 0 42 0 3 41 7.3 4 18 22.2 4 123 3.2 
NR+BR 1 3 33.3 1 3 33.3 0 3 0 1 3 33.3 2 9 22.2 
Healthy 19 128 14.8 18 131 13.7 25 131 19.1 62 390 15.8 

Total 23 180 12.8 23 186 12.4 31 185 16.7 5 21 23.8 77 551 13.9 

NB: see symbols Table 2 - "d": tray 2.50 m from the ground - NR: nut rot 

trays. 2. Soil particles were not projected as far as 
trays "a" and "b" (nil success rate). 3. The inoculum 
generally found in coconut leaf axils was not 
transported as far as the trays, which were too far 
from the trees. 

At Paniki , trapping under trees affected by nut rot 
gave the highest parasite isolation rate. This is not 
surprising, given that it is always easier to isolate nut 
rot Phytophthora than bud rot Phytophthora. Indeed, 
in the case of nutfall, Phytophthora is still active and 
the disease is in constant progression (at least during 
the rainy season); the fungus is present in the form of 
a large number of infectious propagules. In the case 
of bud rot, the more advanced the symptoms, the 
more difficult it is to isolate the fungus. 
Phytophthora is the primary agent, and rapidly 
makes way for numerous saprophyte fungi and 

Table 4. Trapping from soil samples 

Healthy trees Trees affected by 
bud rot 

2 3 2 3 

a b a b a b a b 

Kdl 50 0 0 0 0 
Al 20 6 2 6 6 20 7 11 11 
K2 20 30 33 30 100 20 35 14 55 100 
A2 20 1 0 14 14 20 1 0 8 8 
K3 20 5 0 70 100 20 5 0 40 100 

5 3 5 5 5 3 6 6 
25 60 25 100 25 60 30 100 
14 11 15 15 10 8 14 13 
70 78 75 100 50 80 70 93 

P3 15 10 10 15 10 10 
66 100 66 100 

Total 95 26* 16 50 50 95 23* 12 49 48 
32 61 53 100 29 52 51 98 

bacteria; the symptoms shown by the tree continue 
to develop, as the meristem is dead, but 
Phytophthora is often no longer found. 

It was also possible to trap Phytophthora under 
healthy trees 15, 35 and 75 cm from the ground. 
While the splashing phenomenon may account for 
the presence of propagules in trays "c" and perhaps 
"b", the same cannot be said for "a". This implies 
that for the tray 75 cm from the ground, the 
inoculum came from the tree which, although 
apparently healthy, contained Phytophthora 
propagules. 

Soil 

The results are given in Table 4. 

1 

6 
5 
5 
5 

Between healthy 
trees 

2 3 

a b a 

2 0 0 
33 0 0 
0 0 1 

b 

0 

1 
0 20 100 
1 0 0 0 

20 0 0 
2 2 2 1 

40 100 40 50 

Trees affected by nut rot 
15 10 10 

80 100 

Between trees 
affected by bud rot 

1 2 3 

a b a b 

4 2 0 0 0 
5 50 0 0 
5 0 0 2 2 
5 0 40 100 

1 0 1 1 
20 0 20 100 

2 1 1 1 
40 50 20 100 

NB:1 total number of samples 

2: trapping in the field with PB 121 
hybrid nuts 

a: number of nuts with rot symptoms 
(1st line) 

b: number of strains isolated (1 51 line) 

isolation success rate - % (2nd line) 

*: percentage calculated for 80 nuts 
3: trapping in the laboratory with NYD 

nuts 

% of nuts with rot symptoms (2nd line) 
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At Kauditan, where there are no cases of bud rot, it 
was not possible to detect Phytophthora in the soil 
samples, either in the field or in the laboratory (Exp. 
Kd1 ). 

Taking experiments A 1, A2, K2, K3 and P3, it was 
easier to trap Phytophthora in the laboratory with 
Nias Yellow Dwarf nuts than in the field with PB 
121 hybrid nuts. There are two reasons for this: 
firstly, NYD nuts were more susceptible to nut rot 
due to Phytophthora and secondly, all the samples 
in the laboratory were regularly moistened with 
distilled water, favouring fungus development. In the 
field, particularly in experiments A 1 and K2, the 
climate was hot and the soil particularly dry. 

Isolating Phytophthora was also easier on NYD nuts 
than on PB 121 nuts; the nut rot symptoms seen on 
PB 121 were not always typical and could be 
confused with other rots, particularly under dry 
conditions. 

Taking the results of samples A 1, A2, K2 and K3, it is 
clear that it was possible to trap Phytophthora both 
under healthy trees (32% success rate in the field, 
50% in the laboratory) and under trees affected by 
bud rot (29% in the field , 48% in the laboratory). 
This result was due to the degree of disease intensity 
at both Koka and Airmadidi . 

Organic matter in coconut leaf axils 

The results are given in Table 5. 

It was not possible to detect Phytophthora in the 
samples from the Airmadidi plot (Exp. A2), and no 
reason has yet been found for this. 

Table 5. Trapping from organic matter samples 

Healthy trees Trees affected 
by nud rot 

A2 
K3 
P2 
P3 

1 

10 
10 
10 
15 

Total 45 

a 

0 
0 
3 

30 
4 

40 
10 
66 

17 
38 

2 

b 

0 

3 
100 

4 
100 

10 
100 

17 
100 

1 

10 
10 

15 

35 

a 

0 
0 
8 

80 

5 
33 

13 
37 

2 

b 

0 

8 
100 

5 
100 

13 
100 

At Koka (Exp. K3) and Paniki (Exp. P2, P3), 
Phytophthora was trapped in the samples taken from 
trees affected by bud rot (52%) and nut rot (76%), 
and from healthy trees (48%); the highest success 
rate was for samples from trees affected by nut rot. 
The same comments can be made as for the 
experiments with rainwater. 

Other experiments 

In 1991 and 1992, surveys were carried out in 
different regions in Indonesia where coconut planta
tions were affected by Phytophthora: Central Sula
wesi, South Sulawesi, the Moluccas, West Java, Lam
pung, South Sumatra, North Sumatra, Riau and Aceh . 
In all these provinces, samples were collected with a 
view to detecting the presence of Phytophthora. 

The results are given in Table 6. 

It is difficult to isolate Phytophthora from bud rot 
samples, mainly because the symptoms date back 
some time. It is relatively easy to isolate 
Phytophthora from soil samples from plots affected 
by bud rot (65% success rate), but the fungus can 
also be isolated in healthy plots (24% success rate). 

It has not been possible to date to detect 
Phytophthora in soil samples from peat areas. 

Conclusion 

These trapping operations show that rainwater 

1 

10 
15 

25 

Trees affected 
by nud rot 

a 

6 
60 
13 
86 

19 
76 

2 

b 

6 
100 

13 
100 

19 
100 

can act as a vector of 
infectious propagules, 
playing a role espe
cially in spreading nut 
rot from one bunch to 
another or from one 
nut to another. How-
ever, the phenomenon 
of soil particle spla
shing by rainwater 
does not seem to be 
sufficient to transport 
Phytophthora propa
gules as far as the tree. 

NB 
1: total number of samples 
2: trapping in the laboratory 

a: number of nuts with rot symptoms (1 51 line) 
% of nuts with rot (2nd line) 

There was no link 
between the presence 
of Phytophthora in the 
organic matter found in 
the leaf axi Is and the 
symptoms shown by 
the coconut palms at 
the time of sampling. 

30 

b: number of strains isolated (1 51 line) 

isolation success rate - % (2nd line) 
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Table 6. Isolations carried out during surveys (number of isolations carried out, number of strains isolated) 

Plots affected by Phytophthora 

BR 

West Java 7 (2) 
Central Sulawesi 10 (3) 
South Sulawesi 2 (0) 
Moluccas 8 (1) 
Lampung 
South Sumatra 
North Sumatra 3 (3) 
Aceh 1 (0) 
Riau 

Total 31 (9) 

NB: BR : isolations from bud rot 

NR : isolations from nut rot 

NR NRg 

1 (1) 
9 (7) 9 (2) 
1 (0) 
1 (0) (1) 

2 (2) 
(1) 1 (0) 

12 (8) 14 (6) 

NRg: isolations from nuts that had fallen on the ground 

sBR: trapping on soil sampled under trees affected by bud rot 

Phytophthora was widely found in the soil. Two 
hypotheses can be put forward to explain the in
compatibility between the results in North Sulawesi 
and those for other provinces, particularly when 
only a small number of samples was collected: 

1.Phytophthora was trapped because it was truly 
present in the sample or because of outside 
contamination, despite the precautions taken . 

2.Phytophthora was not trapped as in fact there 
was none in the sample or because trapping 
conditions were not satisfactory (parasite present 
in conservation form, unreceptive nuts, etc.). 

In order to make a diagnosis as regards the possible 
appearance of Phytophthora diseases, it is essential: 

1.to repeat experiments within a given plot, 

2.to use a large number of samples, 

3.to assess a large number of plots in order to 
determine whether there is a link between the 
percentage of trees affected by bud rot and the 
percentage of samples containing Phytophthora. 
This will indicate whether the soil is the ino
culum source or whether soil contamination 
results from disease development. 

Cocoa Suspect Healthy 
(pod) plots plots 

sBR sNR sH (soil) (soil) 

7 (4) 3 (1) 4 (1) 
5 (3) 4 (4) 5 (4) 2 (0) 4 (0) 
2 (2) 2 (2) 2 (0) 3 (2) 8 (3) 

7 (5) 7 (5) 3 (2) 6 (1) 

2 (2) 4 (2) 1 (0) 
6 (0) 

2 (1) (1) 
2 (1) 1 (0) 2 (1) 

25 (17) 

8 (0) 

4 (4) 20 (11) 3 (1) 16 (6) 33 (6) 

sNR: trapping on soil sampled under trees affected by nut rot 

sH : trapping on soil sampled under healthy trees 

Suspect plot: plot recorded as affected by Phytophthora 
but with no visible cases during the surveys 
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Introduction 

Damage to coconuts caused by the bud rot 
disease began to be reported in North Sumatra from 
1984 onwards, although apparently similar symp
toms have been described before in Indonesia 
(Brahmana, 1984). The causal agent of this disease 
has been determined as Phytophthora palmivora 
(Butler) Butler (Brahmana et al., 1986). 

The disease has also been found in nearly all the 
provinces of Indonesia. We have observed BRO in 
South Sumatra, (Lampung) , and Benigno and 
Soerwarno (1985) have mentioned this disease in 
Aceh. During surveys on the PTP coconut 
plantations, we again detected BRO in West and 
Central Java, and a similar problem occurs in East 
Java. In North Sulawesi, Bennet et al. studied the 
disease in 1985, and its presence was indicated in 
Central Sulawesi later on. 

In Maluku, in Seram, ten years after planting, BRO is 
present on 60 percent of the coconuts in the most 
affected blocks. The hybrids planted at the end of 
the seventies and early eighties seem to be more 
susceptible to this disease. 

Therefore bud rot disease (BRO) can be found 
everywhere in Indonesia on hybrid coconuts, often 
with high incidence, up to 50 percent of palms 
affected. 

We describe in this paper the factors favouring or 
inhibiting the disease, and the evolution of BRO in 
one of the first places in North Sumatra we observed 
early symptoms. The different methods we used to 
control this major disease on coconut and the results 
are presented. 

Incidence of bud rot disease 

Different factors can have an effect on the 
development of Phytophthora and the extent of the 
disease: soil topography and drainage, rainfall, 
varieties and age of the coconut palms. 

Factors predisposing or reducing 
the disease 

LOWLANDS AND BAD DRAINAGE. 

In North Sumatra in the Bangun Purba plantation, 
planted in 1977 with hybrids MYD x WAT (PB 121 ), 
the disease began in 1984 after eight years of 
planting, inside the lower part of two blocks without 
drainage. 

The difference in the percentage of palms affected 
by the disease in the lowlands and highlands is very 
clear with PB 121 but also with other hybrids in 
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Table 1. Percentage of bud rot disease in the 
lowlands with bad drainage and the highlands 
(observations in Bangun Purba, North Sumatra) 

Lowlands area Highlands area 

Block O/o Block O/o 

CCC1(PB121) 36 7 (PB 121) 4 
GC1 45 8 (PB 121) 10 
GC2 60 9 (PB 121) 5 

GC1 and GC2, average 47 percent in the lowlands 
and only 6.3 percent in the highlands. 

Therefore the lowlands with generally high humidity 
are very favourable to development of the disease, 
especially if there is no drainage. This is often the 
case in localities where we observed the disease at 
its onset. 

INCIDENCE OF RAINFALL 

In monthly census at locations where the disease 
was present, it was observed that the development 
of BRD was very high within 1-2 months after the 
highest rainfal I. 

We thus observed, on coconut hybrids in Indonesia, 
the incidence of bud rot disease in localities with a 
good distribution of rainfall over the year or with 
several months of drought. 

In Table 2, when the rainfall is well distributed, the 
incidence of BRD reaches 21 to 26.6 percent in 
North Sumatra and North Sulawesi. But in localities 
with 2-4 months of drought, although the total 
amount of rainfall in the year is quite similar, the 
percentage of the disease is very low: 3.4 percent of 
palms infected in South Sumatra or 6.8 percent in 
West Java. 

Table 2. Incidence of Phytophthora bud rot disease 
with rainfall 

Location 

Lampung Sumatra 
(Bergen) 

North Sumatra 
(Bangun Purba) 

North Sulawesi 

Rainfall (mm) Bud Rot Disease 
(%) 

2190 
(3-4 months dry) 3.4 

2013 
(Good distribution) 21 .0 

2971 
(Very good distribution) 26.6 

West Java (Clamas) 2220 
(2-3 months 

with moderate rain) 6.8 

In Lampung, for example, palms with symptoms of 
BRD can be found, but the coconuts affected are 
always isolated. There is no progressive spreading of 
the disease in areas affected with high and good 
distribution of rainfall. 

It seems that the development of Phytophthora is 
disturbed during the dry months. Thus, there is no 
possibility of continuous infection of the palms or 
spread of the disease. 

EXTENT OF BRO ACCORDING TO VARIETIES AND RAINFALL 

To determine the percentage of BRD on different 
susceptible varieties, this experiment was carried out 
in Bangun Purba Estate in North Sumatra, province 
with high rainfall, and in South Sumatra region of 
Lampung with 3 to 4 months each year with a rain 
deficit and often also severe drought. 

Highly susceptible hybrids and West African Tall are 
much more affected by the disease in regions with 
good rainfall as compared to erratic rainfall 
distribution. 

Seven years after the first attack of BRD, WAT in 
North Sumatra have 33.1 percent of palms affected 
and on ly 4.9 percent in Lampung. Also for the 
hybrid PB 121 (MYD x WAT), 43 .5 percent of 
diseased coconut were observed in Bangun Purba 
and only 3.5 percent in Lampung. 

The hybrid MYD x PYT did not present any cases of 
BRD in Lampung. Also no cases were found on PYT 
in Bangun Purba and the PYT x WAT has only 
9.1 percent of attack. Therefore MYD x PYT hybrids 
are apparently tolerant enough to BRD and might be 
planted in regions with high and good distribution of 
rainfall. But in regions with little and no regular 
rainfall , at least three months of dry period, the 
highly productive hybrids MYD x WAT can be 
planted. 

DEVELOPMENT OF THE DISEASE ACCORDING TO THE AGE OF 

COCONUTS 

These observations were obtained on PB 121, 
planting year 1977, in Bangun Purba North Sumatra 
by regularly monitoring all cases of bud rot disease 
during eight years. 

Table 3. Incidence of Phytophthora bud rot disease 
according to susceptible varieties and rainfall 
(observations for 7 years after first attack) 

Variety Lampung 
(Sumatra)% 

WAT 4.9 
MRDxWAT 9.7 
MYD x WAT 3.5 
MYD x PYT 0 

Variety Bangun Purba 
(North Sumatra) % 

WAT 
MRDxWAT 
MYD x WAT 
BLT 

33 .1 
63.3 
43.5 
14.0 
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Table 4. Development of Phytophthora bud rot 
disease on hybrid coconut PB 121, planting year 
1977 (Bangun Purba, North Sumatra) 

Block Ill (748 palms) 

Year observat ions Number palms att. % Av./year 

1984-1989 
1989-1991 
1991-1992 

298 39.84 7.97 
15 3.33 1.66 
6 1.38 1.38 

In 1984-1989 the incidence of the disease was high 
with nearly 8 percent of the coconuts affected each 
year. In 1989-1991, only 1.7 percent of the palms 
were affected and in 1991-1992 no more than 
1.4 percent. In other places, such as block number 
IV, where the average of BRO was about the same at 
the beginning of the disease, no cases were detected 
in the 1991-1992 period. 

It therefore seems that the remaining coconuts in 
these blocks that were highly affected at the onset 
with the age are becoming more tolerant, especially 
after fifteen years old. 

Control strategy 

To avoid the spread of the disease it is neces
sary to monitor the area affected in order to detect 
infected coconuts very early. These affected palms 
must be eliminated (split, treated and burnt outside 
the blocks far from the planted area). 

Proper application of sanitation decreases the 
epidemic process but does not seem to be sufficient 
and systematic fungicides have to be used. 

Table 5. Control of bud rot disease with several 
fungicides (results in Bangun Purba during one 
year) 

Products Number of Diseased palms 
palms observed 

Number % 

Promocarb 
hydrochloride 200 8 4 
Triadimefon 200 14 7 
Tridemorph 200 12 6 
Metalaxyl 200 2 1 
Fosetyl-Aluminium 
(Al iette 80 WP) 200 5 2.5 
Benomyl 200 11 5.5 
Control 200 14 7 

Results with different fungicides 

Propamocarb hydrochlor ide, Triadimefon, 
Tridemorph were applied by root absorption, but 
those in powder such as Metalaxyl, Fosetyl
Aluminium, Benomyl were applied by injection in 
the stem. The fungicide products were used at the 
dose of 8 g/a.i per palm, three times every two 
months. 

After one year observation, the results shown in 
table 5 show that Metalaxyl and Fosetyl -Alumin ium 
gave the best results, only 1 percent and 2.5 percent 
of diseased palms respectively, instead of 7 percent 
in the control and above 4 percent for the other 
fungicides tested. 

Comparison of two treatment 
techniques 

Two treatment techniques were used with solution 
applied via root absorption or directly applied on 
the crown. 

Fosetyl-Aluminium product in liquid (Aliette 100 
CA) was used in this trial instead of the wettable 
formulation because it is more easy to apply by root 
absorption. 

The doses, mode of application and frequency were 
as follows: 

For root absorption 

Propamocarb hydrochloride, 8 g/a.i; Fosetyl
Aluminium , 20 g/a.i; three times at two month 
intervals. 

For solution on the crown 

Propamocarb hydrochloride, 10 g/a.i; Fosetyl
Aluminium, 4 g/a.i, solution in one liter water, six 
applications at one month intervals. In this trial also 
Fosetyl -Aluminium (Aliette 100 CA) gave better 
results with the root absorption system than with 
direct spraying on the crown. 

Root absorption during the rainy 
period 

In this experiment only Fosetyl-Aluminium liquid 
was used with the root absorption method, two 
treatments at three month intervals. The treatments 
were done in the rainy period. 

The results of this trial indicate that 2 g/a.i per palm 
per year is not enough to control the disease. With 4 
to 6 g/a.i per palm and per year the BRO was only 
from 4 to 3.75 percent. 
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Table 6. Control of bud rot disease with two methods of treatment (root absorption or solution on the crown) 
• Bangun Purba 1986 • 1987 

Products Methods of application Number of palms observed Palms attacked 

Propamocarb Root absorption 
hydrochloride Solution on crown 

Fosetyl- Root absoption 
Aluminium 
(Al iette 1 00 CA) Solution on crown 

Control 

But this percentage is higher than in the previous 
trials, perhaps because the root absorption treatment 
was done during the rainy period or because the 
dose was slightly too low. 

Utilization of phosphorous acid by 
root absorption 

Phosphorous acid and Fosetyl-Aluminium were 
tested in this trial. With phosphorous acid, three 
doses were applied 5, 10 and 15 g/a. i and 10 g/a. i 
with KOH. For Fosetyl-Aluminium a dose of 4 g/a.i 
was used. Only one application was done by root 
absorption. 
Table 7. Control of Phytophthora bud rot disease 
with Fosetyl-Aluminium by root absorption (trial 
1988-1989, Bangun Purba) 

Doses (g/a.i) Number of Palms attacked 
palms observed 

Number % 

6 200 7 3.75 
4 200 8 4.00 
2 200 20 10.00 
0 200 31 15.50 

Table 8. Control of Phytophthora bud rot disease 
with phosphorous acid by root absorption (trial 
1990-1991, Bangun Purba) 

Products Doses Number of Palms attacked 
(g/a.i) palms observed 

Number % 

H3P03 15 180 3 1.67 
H3P03 10 180 8 4.44 
H3P03 5 180 1 0.56 
H3P03 +KOH 10 180 3 1.67 
Fosetyl 
Aluminium 4 180 10 5.56 
Control 180 10 5.56 

Number % 

200 6 3 
200 8 4 

200 1 0.5 

200 9 4.5 

200 14 7 

The results with phosphorous acid, although not 
always consistent, are interesting and seem possible. 
Nevertheless, Fosetyl-Aluminium at a rate of 4 g/a.i 
per palm per year is a too low dose, the minimum 
dose to be used is at least 8 g/a.i per palm per year. 

Conclusion 

According to these observations, the distribu
tion of the bud rot disease in Indonesia, extent of 
the disease in relation to environmental factors and 
control methods, we can summarize the results: 

• Phytophthora bud rot disease is not a new disease 
in Indonesia. 

•Bud rot disease (BRO) decreases on coconut 
hybrids at the age of about 15 years. 

• Incidence of BRD increases in lowlands. 

• BRD is very important in areas with high and good 
distribution of rainfall. 

• Preventive treatments against BRD are possible 
with Fosetyl-Aluminium and phosphorous acid. 

•Coconut hybrids tolerant to BRD are 
recommended such as: 

- MYD x WAT (PB 121) in regions with little 
rainfall (less than 2000 mm/year) or about three 
months dry per year. 

- MYD x PYT in regions with high and well 
distributed rainfall (above 2000 mm/year). 
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The susceptibility of coconut varieties 
to Phytophthora in Indonesia: the effect 
of environmental factors 

H.F. MANGINDMN, J.-M. THEVENIN, 5. KHARIE, H.F.J. MOTULO 
Balai Penelitian Kelapa (Balitka). PO Box 1004. Manado 95001 . Indonesia 

Introduction 

Phytophthora attacks on coconut take two forms: 
bud rot and immature nutfall. Although these two 
diseases have been known worldwide for many 
years, there was a major resurgence in Indonesia in 
the 1980s, particularly in NIWA hybrid (Nias Yellow 
Dwarf x West African Tall) plantations and Nias 
Yellow Dwarf seed gardens (Bennet et al., 1985, 
Benigno and Soewarno, 1985), whereas local 
coconuts seemed to be disease-free. 

The Smallholder Coconut Development Project 
(SCDP), who began planting hybrids in 1979-1980, 
has 70 units, known as UPP, on smallholdings in six 
provinces (Aceh, Lampung, South Sulawesi, Central 
Sulawesi, North Sulawesi and the Moluccas) -
(Benigno et al., 1988). It is not rare to find plots more 
than 20% affected by bud rot in certain regions, 
whereas the levels of damage remain insignificant in 
others (Mahmud et al., 1990). 

Authors such as Radha and Joseph in 1980 or 
Nambiar and Iyer in 1988 also mentioned that 
temperatures of 21 to 24°C and relative humidity of 
around 97-100% favour coconut infection and the 
spread of bud rot. 

The differences in performance with respect to 
Phytophthora of several coconut varieties and the 
wide regional variation in damage caused by bud rot 

on hybrids led the Balitka centre to carry out several 
surveys in order to record its planting material and 
losses due to bud rot and/or nutfall and identify the 
factors likely to affect the appearance or spread of 
these diseases. 

Method 

Surveys were carried out in 1991-1992 in 
several regions of Indonesia (Central Sulawesi, South 
Sulawesi, the Moluccas, Aceh, North Sumatra, South 
Sumatra, Lampung, West Java), during which the 
level of damage was assessed. A certain amount of 
data was collected: general data on rainfall, areas 
planted each year, damage and data specific to the 
plots visited (cover crop, associated crops, soil type, 
etc.). Isolations were carried out on both affected 
planting material and soil samples, to determine 
whether the parasite was present. A maximum 
number of plots was visited, including, as far as 
possible, smallholdings planted with affected and 
healthy hybrids, private or State plantations, seed 
gardens and experimental plots. 

Further data taken from the report on the survey by 
the Directorate General of Estates in 1991-1992 and 
data gathered in North Sulawesi during research 
carried out under an EEC project were added to this 
information. 
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Numerous data show the total percentage of dead 
trees, including those due to bud rot but also those 
due to other causes (Rhynchophorus, lightning, dry 
bud rot, etc.). This imprecision is due to the fact that 
many trees died when bud rot was not a priority 
issue (this is particularly true for many collection 
plots). Similarly, the figures from smallholdings can 
contain errors due to the confusion of symptoms 
with those of other diseases and the fact that bud rot 
is now "fashionable". It is also important to bear in 
mind that collection plots often have a limited 
number of trees and that the NIWNMAWA hybrids 
are the only ones planted on a very large scale. 
Comparisons of the figures for different types of 
planting material should therefore be taken with a 
pinch of salt. 

Results and discussion 

Nutfall 

Hybrids and Talls 

Nut rot due to Phytophthora is not a problem in 
Indonesia. It is almost non-existent on local or 
introduced Talls (a few cases on West African Tall 
(WAT) in the Boyong Atas experimental plot, North 
Sulawesi). 

In hybrid plantings, particularly the PB 121 hybrid 
(or MAWA: Malayan Yellow Dwarf x West African 
Tall), damage is economically negligible, although a 
few trees in North Sulawesi have symptoms during 
the rainy season. 

Dwarfs 

The Dwarf varieties are definitely the most 
susceptible to immature nutfall in Indonesia. The 
varieties most often planted are the Nias Yellow 
Dwarf (NYD) (most of the seed gardens), but also the 
Malayan Yellow Dwarf (MYD) and the Cameroon 
Red Dwarf (CRD). Small numbers of the other 
varieties are planted in collections. 

Serious nutfall problems are seen on NYD during the 
rainy season at Tiniawangko and Paniki, North 
Sulawesi, where the number of trees affected 
sometimes exceeds 25% in the blocks observed. 
Less serious damage is seen in Lampung and West 
Sumatra on CRD and NYD, and more irregularly in 
the NYD seed gardens at Bone-Bone, Pakuwon and 
Awaya. 

Bennet et al. showed in 1985 that nutfall was linked 
to rainfall (mm, number of days), with a certain 
incubation period. Humidity, temperature fluc
tuations and sunshine are also suspected of playing 
a role in disease intensity. 

As regards the other varieties, the only data available 
concerns the Mapanget Dwarf collection, North 
Sulawesi. They are given in Table 1. 

These data show the susceptibility of Yellow and 
Brown cultivars, whereas Green cultivars seem to be 
more tolerant. Although precise counts were not 
done at the time on the Salak Green Dwarf (SGD) 
and Malayan Red Dwarf (MRD), the former proves 
tolerant in the field, whereas the latter is susceptible 
to nut rot caused by Phytophthora. 

Table 1. Nut rot during the 1991-1992 rainy 
season. Mapanget collection 

NYD NGD BYD JGD TGD RBD 

No of trees observed 78 36 53 57 49 44 
% of trees affected 
by nut rot 17.9 2.7 5.6 5.3 2.0 9.0 
mean% of nuts attacked 
per attacked bunch 23.6 14.3 17.5 7.5 12.5 14.3 

NB: NYD: Nias Yellow Dwarf JGD: Jombang Green Dwarf 

NGD: Ni as Green Dwarf TGD: Tebing Tinggi Green Dwarf 

BYD: Bali Yellow Dwarf RBD: Raja Brown Dwarf 

Bud rot 

Dwarfs 

The results are summarized in Table 2. 

The first conclusion is that in zones with high 
rainfall, such as North Sulawesi, damage due to bud 
rot can be severe, particularly in seed gardens. In 
zones with low rainfall or with a more marked dry 
season, such as Lampung or South Sulawesi, the 
seed gardens are not affected by bud rot. 

As regards varieties, of those planted over large 
areas, the NYD seems to be the most susceptible to 
bud rot, although its performance differs from one 
region to another. However, it is regrettable that 
other cultivars such as CRD and MYD have not been 
planted in different regions. 

The other Dwarf varieties are planted in small plots, 
and although the percentage of dead trees is 
relatively high in certain cases (Mapanget, North 
Sulawesi), the reason for the deaths of these trees is 
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Table 2 Damage due to bud rot on Dwarfs 

Site Height Mean rainfall Areas Planting Variety Dead Trees 
above (mm/yr) planted year 

sea level ha : hectares 
(m) tr: trees 

Seed gardens 
1. Bangga (Central Sulawesi) 125 1986-1990 953 mm 10 ha 1971-1972 NYD 0% 

2. Bone-Bone (S. Sulawesi) 50 300 ha 1975-1981 NYD 0% 

3. Paya Gajah (Aceh) 2 1981-1991 2013 mm 90 ha 1976-1977 NYD 0% 

4. Sukamenanti (West Java) 3211 mm 1472 tr 1982 CRD 1.6% 
2026 tr 1982 NYD 4.3% 

5. Padang Ratu (Lampung) 2100 mm 11783 tr 1985 NYD 0% 
7417 tr 1985 MRD 0% 
5052 tr 1985 MYD 0% 
2565 tr 1985 CRD 0% 

6. Gunung Batin (Lampung) 116 ha 1981-1983 MYD 0% 
29 ha 1987 MYD 0% 
27 ha 1983 CRD 0% 
10 ha 1987 CRD 0% 

7. Patra Tani (S. Sumatra) 20 1980-1990 2447 mm 116 ha 1982-1985 NYD 0% 

8. Telpaputih (Moluccas) 3 1981-1990 1672 mm 100 ha 1983-1984 NYD 3% 

9. Serpong (West Java) 80 ha 1980 NYD 0% 
64 ha 1980 NYD 0% 

3 ha 1983 CRD 0% 
2 ha 1985 NYD 0% 

10. Tiniawangko (N. Sulawesi) 1984-1991 4131 mm 200 ha 1984 NYD 24% 
on 7 ha 

11 . Pakuwon (West Java) 480 1980-1991 2634 mm 100 ha 1976-1977 NYD 15% 

12. Paniki (N . Sulawesi) 80 1980-1991 3189 mm 100 ha 1977-1978 NYD 36% 
on 5 ha 

Collections 
13. Pakuwon (West Java) 480 1980-1991 2634 mm 77 tr 1977 SGD 2.6% 

77 tr 1985 SGD 0% 
60 tr 1977 BYD 0% 

141 tr 1977 NYD 0% 
65 tr 1977-1978 NGD 0% 
32 tr 1977 JGD 0% 

14. Mapanget (N. Sulawesi) 80 1980-1991 3189 mm 56 tr 1980 RBD 19.6%* 
58 tr 1979 TGD 15.5%* 
64 tr 1978 JGD 9.4%* 
62 tr 1977 BYD 12.9%* 
78 tr 1978 NGD 16.7%* 

104 tr 1977 NYD 25.0%* 
1982 MRD 48.0%* 

NB: NYD: Nias Yellow Dwarf BYD: Bali Yellow Dwarf TGD: Tebing Tinggi Green Dwarf 

MRD: Malayan Red Dwarf JGD: Jombang Green Dwarf RBD: Raja Brown Dwarf 

CRD: Cameroon Red Dwarf SGD: Salak Green Dwarf MRD: Malayan Red Dwarf 

NGD: Nias Green Dwarf * Total no. of dead trees - cause not clear 
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Table 3. Damage due to bud rot on Tai ls 

Site Height Mean rainfall Areas Planting Variety Dead Trees 
above (mm/yr) planted year 

sea level nb of trees 
(m) 

Bangun Purba (N.Sumatra) 2013 mm 
Trial 320 1977 Bali 14% 
Collection 1084 1977 West African 33% 

1837 1977 Rennell 2% 
1404 1977 Tahiti 2% 

Bergen (Lampung) 2195 mm 
Trial 144 1976 West African 5% 
Collection 1084 1976 West African 8% 

600 1976 Rennell 1% 
298 1976 Tahiti 0.1% 
465 1978 Jepara 0.1% 
904 1978 Bali 0% 

Pakuwon (West Java) 480 1980-1991 2634 mm 
Trial 48 1977 Tenga 0% 

48 1977 Bali 0% 
48 1977 Palu 0% 

Collection 42 1977 Tenga 0% 
32 1977 Jombang 0% 
33 1977 Banyuwangi 6.1%* 
22 1977 Jepara 9.1%* 
35 1977 Boyolali 11.4%* 
52 1977 Lubuk Pakam 0% 

141 1980 Markham Valley 2.1%* 
61 1979 Beji 0% 
73 1979 Bali 0% 
72 1979 Tenga 0% 

125 1980 Sawarna 0% 
73 1979 Paslaten 0% 

Sukamenanti (West Java) 3211 mm 
Collection 603 1983 Tahiti 1% 

1063 1983 Rennell 0.3% 
896 1984 Tenga 0.6% 

Mapanget (N. Sulawesi) 80 1980-1991 3189 mm 
Collection 72 1977 Takome 15.3%* 

73 1978 Bali 16.4%* 
56 1980 Sawarna 14.3%* 
55 1979 Banyuwangi 14.5%* 
62 1978 Jepara 4.8%* 

100 1978 Tenga 13.0%* 
93 1978 Paslaten 6.4%* 

Boyong Atas (N. Sulawesi) 
Collection 2489 1984 West African 9.7%* 

2446 1984 Tenga 4.5%* 
2145 1984 Palu 3.1%* 

840 1984 Tahiti 7.1%* 
881 1984 Rennell 6.2%* 
244 1984 Takome 18.4%* 

NB: *Total no. of dead trees - cause not clear 

To these plots should be added the Tenga/Palu/Bali trees planted in numerous seed gardens (one row of Tai ls, four rows of Dwarfs, one 
tree from each Tall variety alternately along the row), for which no dead trees were observed. 
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Table 4. Damage due to bud rot on hybrids. Genetic trials 

Site Height Mean rainfall Areas Planting Variety Dead Trees 
above (mm/yr) planted year 

sea level ha : hectares 
(m) tr: trees 

1. Kima Atas (N. Sulawesi) 80 1982-1990 3335 mm 64 tr 1984 NYD x TAT 15.6% 
64 tr NYD x BIT 10.9% 
64 tr NYD x PUT 3.1% 

2. Mapanget (N. Sulawesi) 80 1980-1991 3189 mm 48 tr 1977 NYD x TAT 0% 
48 tr NYD x BIT 0% 
48 tr NYD x BET 0% 
48 tr NYD x PUT 0% 

3. Bone-Bone (S. Sulawesi) 50 16 ha 1984 NYD xTAT 0% 
NYDxWAT 0% 

4. Pakuwon (West Java) 480 1980-1991 2634 mm 64 tr 1988 JGD x TAT 0% 
64 tr JGD x BIT 0% 
64 tr JGD x PUT 0% 
48 tr 1977 NYD xTAT 0% 
48 tr NYD x BIT 0% 
48 tr NYD x PUT 0% 
23 tr 1984 BYD x TAT 0% 
23 tr BYD x BIT 0% 
23 tr BYD x PUT 0% 

5. Bangun Purba (N. Sumatra) 2013 mm 320 tr 1977 CRD WAT 47% 
320 tr EGO x WAT 33% 
320 tr MYDxWAT 44% 
320 tr WAT x PYT 14% 
320 tr WATx RLT 23% 
120 tr 1977 MYD x RLT 59% 
120 tr MRDxWAT 63% 
120 tr MYDxWAT 70% 

6. Bergen (Lampung) 2195 mm 144 tr 1976 MRDxWAT 10% 
144 tr MYDxWAT 3% 
144 tr MYD x PYT 0% 

NB: TAT: Tenga Tall PUT: Palu Tall WAT: West African Tall 

BIT: Bali Tall BET: Beji Tall EGO: Equatorial Guinea Green Dwarf 

often poorly explained, and no new cases of disease 
have been seen over the past three years. It is 
therefore difficult to draw any definite conclusion as 
to Dwarf susceptibility to bud rot, as the disease has 
not spread in these collections (Mapanget, 
Pakuwon), including on NYD, whereas it is 
continuing to develop, albeit slowly, in seeds 
gardens only a few dozen metres away. 

Talls 

The results are given in Table 3. 

It is quite clear that the West African Tall (WAT) is 
the most susceptible to bud rot. Exotic Tails such as 
Rennell and Tahiti (Polynesia) and local Indonesian 

Tails seem to be more tolerant. However, the Bali 
Tall has proved susceptible at Bangun Purba, North 
Sumatra. 

Numerous local Tails planted in small plots in the 
Mapanget and Pakuwon collections are disease
free. Any dead trees died from various causes, and 
no new cases of bud rot have been seen in recent 
years. 

At Tiniawangko, the percentage of dead trees (all 
causes combined) in October 1992 showed that all 
the cultivars were affected. However, since March 
1992, the percentage of dead trees has been 
changing more rapidly for WAT, and the diseased 
trees are indeed affected by bud rot in this case. 
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Table 5.Damage due ro bud rot on plantation hybrids 

Site Height Mean rainfall Areas Planting Variety Dead Trees 
above (mm/yr) planted year 

sea level ha : hectares 
(m) tr: trees 

1. Bangun Purba (N . Sumatra 2013 mm 2211 tr 1977 PB 121 45% 
2. Bergen (Lampung) 2195 mm 1604 tr 1976 PB 121 9% 
3. Rejosari (Lampung) 2039 mm 266 tr 1985 MYD xJepara 

MRD xJepara 18% 
4. Pandu (N . Sulawesi) 1978-1990 2396 mm 5 ha 1985 KHINA1 0.4% 
5. Pakuwon (West Java) 1980-1991 2634 mm 342 tr 1981 NYD x Bali 2% 

Demonstration plots 

6. Selayang (N. Sumatra) 50 1980-1990 1755 mm 3 ha 1983-1986 PB 121 2 trees 
7. Ternate (Moluccas) 15 2 ha 1978 PB 121 0% 
8. Jailolo (Moluccas) 15 2 ha 1983-1984 KHINA1 0% 
9. Tidore (Moluccas) 15 2 ha 1978 PB 121 0% 

SCDP plantations 

10. Central Sulawesi 1986-1990 1641 mm 7075 ha NIWA 5.5.% (0-18.1) 
11. South Sulawesi 1980-1990 1892 mm 14756 ha NIWA 0.9% (0-6.5) 
12. Lampung 1980-1985 2418 mm 8494 ha NIWA 5.9% (0-16.4) 
13. Aceh 1981-1990 3131 mm 421 ha MAWA 

MRD xWAT 

14. Moluccas 1981-1990 2793 mm 912 ha MAWA 
NIWA 8.2% (0-30) 

MRDxWAT 
15. Minhasa (N. Sulawesi) 7400 ha 1 .2% (0-4.7) 

UPP Dimembe 1980-1991 3181 mm 735 ha NIWA 4.4% 
UPP Airmadidi 1980-1991 2397 mm 491 ha NIWA 4.7% 

State plantations 

16. Telpaputih 
(Moluccas) 3 1980-1990 1672 mm 325 ha 1984 NIWA 1% 
17. Ciomas 
(West Java) 400-500 1980-1991 3662 mm 355 ha 1979-1980 MRD x WAT 1.8% 

704 ha 1979-1981 NIWA 
18. Agrabinta 
(West Java) 30-70 1982-1991 3513 mm 520 ha 1983-1984 NIWA 0% 

Private plantations 

19. PT Mercuabuana 
Sidrap (S. Sulawesi) 400 ha NIWA 0% 

20. PT Sumatera Candi 1988-1991 1467 mm 2000 ha 1987-1988 MRDXWAT 
Kencana (S. Sumatra) MAWA 0% 

MYD x Tenga 

21 . PT Hasfarm Perkebunan 1980-1990 1755 mm 120 ha 1985-1986 NIWA 0% 
Betinga (N. Sumatra) 

22. PT Safira Cirang 450 1982-1990 2634 mm 450 ha 1984-1985 MRDxWAT 21 trees 
Kasbitung (West Java) 

23. PT R.S.U.P. (Riau) 18000 ha NIWA 0% 

NB: PB 121 = MAWA: Malayan Yellow Dwarf x West African Tall 
NIWA: Nias Yellow Dwarf x West African Tall 
KHINA 1: Nias Yellow Dwarf x Tenga Tall 
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Hybrids 

The results are given in Tables 4 and 5. 

The results of trials planted in different regions of 
Indonesia show that: 

1.NYD x Tenga Tall , Bali Tall and Palu Tall hybrids 
can be affected by bud rot. 

2.Dwarf x WAT hybrids are highly susceptible to 
bud rot. 

3.Hybrids using the Rennell Tall or Tahiti Tall as the 
male parent are more tolerant than those using 
WAT. 

The most widely planted hybrid is the NIWA (NYD 
x WAT), similar to the PB 121 (MYD x WAT). There 
are also some plots of the KHINA1 hybrid 
(NYD x Tenga Tall). 

The Khina1 plots observed were not very severely 
attacked by bud rot, but the plantings of other 
varieties (NIWA) under the same conditions were also 
disease-free. 

The NIWA plots (material highly susceptible to bud 
rot) were disease-free on peat soils (N°5• 20 and 23 in 
Table 5). 

The State or private estates, in which upkeep and 
fertilization are generally good, are not spared by the 
disease. 

Smallholdings: the overall data per region mask 
heterogeneity in the SCDP project units (UPP) and in 
plots within the same UPP. However, it is clear that: 

• In regions with high rainfall (North Sulawesi, Aceh), 
damage on NIWA can be very severe, often excee
ding 30% dead trees in a plot. 

• With in a given region, the UPPs with the highest 
rainfall suffer considerable damage Airmadidi and 
Dimembe in North Sulawesi, Polewali in South 
Sulawesi, Sabang and Tompe in Central Sulawesi). 

• W ithin a given region, the driest units are less seve
rely attacked, if at all (Bitung and Kauditan in North 
Sulawesi, Dalo in Central Sulawesi, most units in 
South Sulawesi). 

• At the time of our visits, few if any cases of pod rot 
could be seen on cocoa trees, even those inter
cropped with coconut palms affected by bud rot. 

• Damage seems to be equivalent with or without a 
cover crop; however, the bottomlands or areas 
where upkeep is poor (tal l weeds) in certain plots 
have more cases of bud rot. 

• In South Sulawesi, a traditional rice growing area, 
the soils and climate do not seem very suitable for 
coconut growing; tree habit was often poor and 
yields markedly lower than might be expected. 

Conclusion 

These results as a whole show that generally 
speaking, the NYD and WAT varieties and the 
NIWA hybrid obtained by crossing them are 
susceptible to bud rot in Indonesia. 

The performance of coconut varieties depends on 
the regions where they are planted, and it is re
commended that the choice of planting material 
take account of environmental conditions; it is 
generally preferable to plant several coconut 
varieties in order to limit damage in the event of 
disease (bud rot or other) or pest attacks. Furthe
rmore, regular plot upkeep is important (well 
maintained cover crop), to reduce relative humidity 
within the plot. 

Plant ing material should be assessed in several 
regions characterized by different agro-climatic 
conditions. As regards bud rot , a trial testing 
25 hybrids is due to be planted in 1993 at Paniki, 
North Sulawesi , in a zone severely infested by 
Phytophthora (see part 2 of this paper) 

Field trial on performance with 
respect to Phytophthora 

Following problems linked to bud rot on the PB 121 
hybrid, it was necessary to assess the field tolerance 
with respect to the disease of new hybrids created 
and tested under genetic improvement programmes 
before attempting their development or 
recommending them to growers. 

Aims 

• Test the field tolerance with respect to Phytoph
thora diseases of 25 promising Dwarf x Tall 
hybrids. 

•Study the ability, if any, of parents to transmit tole
rance to their hybrid progenies. 

• Observe and study in situ the ways in which Phy
tophthora diseases appear and develop. 

• Select hybrids that show a good level of tolerance 
of diseases and pests in general and Phytophthora 
diseases in particular. 

• Select parents that transmit the best tolerance and 
improve the tolerance of the most productive 
hybrids. 
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Female parent Male parent (Tall) 

Tenga Sawarna 

Nias Yellow Dwarf x x 
Bali Yellow Dwarf x x 
Jombang Green Dwarf x x 
Raja Brown Dwarf x x 
Salak Green Dwarf x x 

Material and methods 

Planting material 

The 25 hybrids were produced using the crossing 
plan above: 

Crossing method 

The first series of crosses was carried out between 
August and December 1991. As the number of nuts 
harvested proved insufficient for 9 hybrids (from 
Nias Yellow Dwarf and Salak Green Dwarf), new 
crosses were carried out in 1992. 

Due to constraints regarding the organization of 
these crossing operations, artificial pollination was 
carried out in bulk, not taking account of origin of 
the male parent. For each cross, six trees from each 
Dwarf variety were used, with each group of six 
trees pollinated by the same Tall ecotype. 

Field planting design 

• Complete randomized blocks. 

• 25 treatments. 

• 20 replicates, elementary plots of 3 trees. 

• Planting scheduled for October 1993, at a density 
of 160 trees/ha, at Paniki (Block 5). 

Observations 

During seed production: number of nuts 6 and 11 
months after pollination. The seednuts will be 
harvested and identified individually. 

In the seed bed: individual seednut germination. 
Once the nuts are ready for transfer to polybags, the 
sprout should be measured, its colour and con
formity noted and its girth measured. 

In the nursery: leaf emission, girth and plant height 
at 3 and 6 months and at the time of planting; date 
the first leaf with individualized leaflets appears and 
measurements; disease and pest observations. 

In the field: 

W.African Rennell Tahiti 

x x x 
x x x 
x x x 
x x x 
x x x 

Growth phase: leaf emission every two months 
date on which the first 
flower appears 
disease and pest observations. 

Bearing trees: number of bunches/tree 
number of ripe nuts/bunch 
physical fruit composition 
disease and pest observations. 
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factors involved in the development of nutfall due 
to Phytophthora in Cote-d'Ivoire 

J. POHE 
Ecole Nationale Superieure d'Agronomie. B.P. 1313 Yamoussoukro. Cote-d'Ivoire 

Introduction 

Pathogen dissemination is generally an impor
tant factor in disease development. It contributes to 
the establishment, development and maintenance of 
epidemics, since it results in parasite propagules 
spreading from so-called conservation sites or pri
mary foci to healthy organs. 

In certain cases, simple contact between diseased 
and healthy organs can result in contamination; in 
other situations, a dispersion agent is required 
(Babacauh, 1980). Water, wind, insects, rodents and 
man are all potential agents for spreading infection. 

The diversity of propagules capable of spreading 
infection (sporocysts, zoospores, hypha fragments, 
etc .) means that Phytophthora sp. can spread in 
several ways. For a given disease, the role played by 
each dissemination factor has to be determined if 
the development of epidemics is to be understood. 

This approach was not previously taken with bud rot 
and immature nutfall on coconut. This is the topic of 
the present paper. 

Material and methods 

As soon as the first diseased nuts were observed, 
the bunches and the trees to which they belong 
were marked with a view to counting and locating 
new diseased nuts. This technique enabled us to 

monitor disease evolution in space, both on indivi
dual trees and in whole plots. The diseased nuts 
were grouped together according to their position on 
the tree, so as to determine the distance between 
diseased organs and the direction in which the 
disease was spreading. 

In addition to these observations, the pathogen was 
trapped from insects and rainwater. 

Insects were inventoried under and on the floral 
parts. The nuts on trees were inoculated via wounds, 
with liquidized insects for which an increase in 
population levels coincided with an increase in the 
disease. Whole insects or insects with their legs and 
mandibles removed were rinsed in sterile water or 
disinfected with bleach, then liquidized and 
inoculated under the floral parts, via wounds. Only 
the floral parts of control nuts were wounded. 
Inoculation with rainwater was carried out using 
cotton wool soaked in water collected in a container 
placed under the coconut palms. 

Results 

Dissemination 

Rotten nuts were found to be either in contact with 
other nuts or isolated in the bunches on a given 
tree or different trees. Although in the former 
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case,infected nuts were always in contact with 
another already diseased nut, in the latter there was 
no apparent contact between either diseased nuts 
or bunches. Depending on the situation, we discuss 
contact dissemination or isolated dissemination. 

A detailed analysis of results shows that isolated 
dissemination was significantly more frequent, with 
53.50% (50.33 - 56.60%) of the diseased nuts obser
ved (Table 2) and 72 .36% 65 .25 - 79.46) of the 
bunches bearing diseased nuts (Table 1 ). 

Direction of dissemination 

The next nuts to be attacked were either close to or 
under the first rotten fruits. This phenomenon, at the 
tree level, led us to separate horizontal disse
mination from downward (or upward) vertical 
dissemination. 

Assessment of these different dissemination 
directions, comparing the percentages of nuts or 
bunches considered, shows that vertical dis-

semination, particularly downward, is predominant 
for nuts, i.e. from one nut to another within the same 
bunch, with 49.12% (46.02 - 52.3%) for downward 
vertical dissemination and 19.7% (17.22 - 22.23%) 
for upward vertical dissemination as opposed to 
31 % (28.18 - 34.01 %) for horizontal dissemination 
(Table 2). 

In the case of bunches, horizontal dissemination, 
with 55.1 % (47.07 - 62.9%) was significantly more 
frequent than vertical dissemination, which ac
counted for 32 . 9% (25.43 - 40.8%) for upward 
vertical dissemination and 11.8% (6.67 - 16.9%) for 
downward vertical dissemination (Table 1 ). 

It was also seen that horizontal dissemination 
between bunches (Table 1) and downward vertical 
dissemination on nuts (Table 2) were the most 
frequent, and that they concerned isolated 
dissemination. The fact that the disease spread in 
these ways had a major impact on our observations, 
and suggests that dissemination agents were 
involved. 

Table 1. Spread of nut rot due to Phytophthora heveae from bunch to bunch as a percentage of the total 
number of bunches, irrespective of the type of dissemination 

Diseased nuts 

Horizontal 

Number of isolated diseased 55 
bunches, % and range 36.18% (28.34-43.82) 

Number of grouped diseased 29 
bunches, % and range 19% (12.76-25 .23) 

Total bunches (%) and 84 
range 55% (47.09-62.9) 

Dissemination 

Vertical 

Upward Downward 

41 14 
26.97% (19.9-34.02) 9.2% (4.6-13.8) 

9 4 
5.9% (1.3-10.5) 2.6% (0.07-5 .12) 

50 18 
32.9% (25.43-40.36) 11 .8% (6.67-16.9) 

All types 

110 
72.36% (65 .25-79.46) 

42 
27.64% (20.5-34.7) 

152 
100% 

Table 2. Spread of Phytophthora heveae rot from nut to nut as a percentage of the total number of nuts 
observed, irrespective of the type of dissemination 

Dissemination 
Diseased nuts 

Horizontal Vertical All types 

Upward Downward 

Number of isolated diseased 111 96 311 518 
nuts, % and range 11.46% (9.45-13.46) 9.9% (8-11.78) 32.12% (29.17-35 .06) 53 .5% (50.35-56.61) 

Number of grouped diseased 190 95 165 450 
nuts, % and range 19.6% (17.09-22.10) 9.8% (7.92-11.62) 17% (14.63-19.36) 46.48% (43.3-49.62) 

Total diseased nuts observed, 301 191 476 968 
(%)and range 31.1 % (28.18-34.01) 19.73% (17.22-22.23) 49.17% (46.02-52.3) 100% 
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Figure 1. Position of trees with diseased nuts in 
order of appearance 
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Occurrence of coconut palms bearing 
rotten nuts 

Figure 1 shows the experimental design, comprising 
one hundred coconut palms in rows of ten trees. The 
numbers marked in the squares correspond to the 
number of the round when we observed that the tree 
was contaminated. There were fifteen rounds in all. 

Although certain trees marked 0 during the first 
observation round are in a line, either along the row 
or across several rows, the disease spread observed 
subsequently did not follow this pattern. This 
observation backs up the hypothesis of the existence 
of external dissemination agents. 

Insects in coconut plantations 

The insects gathered on and under the sepals of 
diseased nuts were identified by the ENSA 
Entomology Laboratory as: Temnoschoita quadri
maculata (Curculionidae coleopteran), Dioca/andra 
sp. (Temnoschoites family), Carpophilus hemipterus 
(Nitudilidae family) and Oecophila longinoda, an 
ant very often found in coconut plantations. 

Nut infection 

All of these insects, except for Diocalandra sp., 
made up the basic inoculum for nut infection; the 
inoculum was liquidized insects applied to a wound 
on the pericarp. 

The inoculation success rate, varied depending on 
the inoculum preparation: 20% with Temnoschoita, 
14% with Carpophilus and 9% with Oecophila 
(Table 3). The success rates were virtually nil when 
the insects had their legs and mandibles removed. 
Insects disinfected with bleach did not produce any 
symptoms whatsoever. 

Rainwater and nut infection 

The rainwater collected under fronds and in leaf 
axils was also infectious, even if there were no 
diseased fruits on the tree. Of 150 nuts inoculated 
with rainwater collected under a tree with diseased 
nuts, 24 (16%) showed symptoms. This percentage 
fell to 6% with rainwater collected under healthy 
trees (Table 4). These results clearly confirm the 
importance of water in epidemic development. 
Its role in dissemination was one of the reasons for 

Table 3. Nut infection on coconut by inoculation with liquidized insects 

lnoculum source 

Temnoschoita 
quadrimacu/ata 

Carpophilus 
hemipterus 

Oecophila 
longinoda 

Control 

Total nuts inoculated 

Whole 100 
Mutilated, washed in sterile water 100 
Mutilated, washed in water-bleach mixture 100 

Whole 100 
Mutilated, washed in sterile water 100 
Mutilated, washed in water-bleach mixture 100 

Whole 100 
Mutilated, washed in water 100 
Mutilated, washed in water-bleach mixture 100 

100 

* Proximal infection outside wound zone. 

No. of nuts 

Total nuts infected 

20 
2 
0 

14 
1 
0 

10 
0 
0 

1* 
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% success and range 

20 (12-28) 
2 (0.8-4.8) 

0 

14(7-21) 
1 (0.9-2.9) 

0 

9 (3.5-14.5) 
0 
0 

1 (0.9-2.9) 
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Table 4. lnoculum detection in rainwater 

lnoculum source 

Rainwater under trees 
with diseased nuts 

Rainwater under trees 
without diseased nuts 

Sterile water 

No. of nuts inoculated 

150 

150 

150 

the high rate of nutfall observed during the rainy 
season. 

Discussion and conclusion 

Our results showed that nut rot on coconut 
may be spread either by simple contact between 
fruits or via dissemination agents that maintain iso
lated infections on coconut palms. 

Of the different vectors, insects and water play a 
major role. The importance of rainwater is due to its 
dual effect on Phycomycetes, to which Phytophthora 
belongs. In effect, it ensures sporocyst germination, 
hence the release of zoospores, and also transports 
propagules. In this water-borne dissemination, 
splashing phenomena may occur when drops fall 
directly on sites bearing parasite elements. However, 
this work suggests that rainwater plays a role in 

No. of nuts 

No. of rotten nuts % successful! infections 

24 16 

9 6 

0 0 

downward vertical dissemination . As it runs over 
diseased nuts or Phytophthora preservation sites, it 
picks up fungus propagules, transporting various 
amounts depending on the distance covered. 
Rainwater collected under coconuts 1 m from the 
ground can still contaminate. 

As for insects, their importance is due to their 
mobility, which enables them to extend their effect 
over large distances. This means not only single 
coconut palms, but from one coconut palm to 
another and from one plot to another. Propagule 
transfer on the legs and mandibles seems to be the 
most effective mode of dissemination. 

As regards the mode and direction of parasite 
propagule dissemination, our results lead us to 
conclude that their transfer to healthy parts of the 
plant via dissemination agents is one likely factor in 
the dissemination of nut disease caused by 
Phytophthora. 
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Coconut bud rot disease in Jamaica 

J.D. STEER 
Coconut Industry Board. P.O. Box 204. Kingston 10. Jamaica. 

Introduction 

Coconut bud rot disease is endemic to Jamaica. 
It is one of the two fatal diseases of coconut palms 
on the island, the other being lethal yellowing. Bud 
rot disease occurs islandwide and attacks coconut 
palms of all ages thereby causing considerable loss 
of income for coconut farmers. 

Bud rot disease was first reported in Jamaica in 
1870 (Anonymous, 1905). By 1911 the disease 
gained economic importance and was described as 
"the most serious and notorious disease on the 
native Jamaica Tall coconut palms" (Ashby, 1915). 
The Disease of Plant Law (1911) declared the 
disease infectious and led to the compulsory 
treatment of all infected palms (Ashby, 1915). 
Following isolations of Phytophthora palmivora 
from bud rot infected coconut crowns and 
confirmation by Butler, in India, the fungus was 
reported to be the sole cause of the disease in 
Jamaica (Ashby, 1920). 

By the mid-1900's coconut bud rot disease occurred 
only at very low levels of infection but another bud 
rotting disease to which the Jamaica Tall coconuts 
proved to be very susceptible was recognized 
primarily in the western end of the island. It was 
named "West End bud rot" disease (Martyn, 1948) 
and it was not until 1955 that a clear distinction was 
made between "Phytophthora bud rot" and "West 

End bud rot" which was renamed "lethal yellowing" 
(Nutman and Roberts, 1955). 

Resurgence of bud rot disease in the 1980' s 
coincided with the introduction and commer
cialisation of two lethal yellowing resistant coconut 
cultivars, "Malayan Dwarf" and the Malayan Dwarf 
Panama Tall ("Maypan") hybrid. Coconut bud rot 
disease research was restarted in Jamaica by the 
Coconut Industry Board in 1986 and investigations 
indicated that both "Malayan Dwarf'' and "Maypan" 
cultivars were susceptible to Phytophthora attack. 
Phytophthora palmivora and Phytophthora katsurae 
were found to be associated with bud rot disease as 
well as with unhealthy coconut fruits which possibly 
served as a source of bud rot inoculation (Steer and 
Coates-Beckford, 1990). Studies were done to study 
the pathogenicity of various isolates of Phytophthora 
spp. and the epidemiology of the disease. 

Materials and methods 

A search for the pathogen 

From 1986 to 1988, fifty-two coconut crowns 
showing early symptoms of bud rot disease were 
collected from coconut fields across Jamaica. 
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Under sterile conditions isolations were done from 
small pieces of diseased tissues using carrot potato 
dextrose agar (CPDA), (Steer and Coates-Beckford, 
1990). All isolated microorganisms were identified 
with the aid of the Internat ional Mycological 
Institute (IMI), Kew, England. 

Pathogenicity tests 

The ability of the various microorganisms associated 
with the diseased crowns to cause bud rot disease 
was tested. Phytophthora palmivora, Phytophthora 
katsurae, Thielaviopsis paradoxa, Enterobacter sp. 
and control were tested in a series of wound and 
surface inoculation trials using detached cocoa pods 
of the "Imperial College Selection (ICS) 1" and "ICS 
98" cultivars and eight-year-old seedlings of the two 
commercially cultivated varieties, namely, the 
"Malayan Dwarf' (red and yellow colour forms) and 
the "Maypan" (bronze and green colour forms). 

Epidemiology 

Six varietal screening trials which were set up in 
1980 primarily to compare lethal yellowing 
resistance among ten hybrids, with the "Malayan 
Dwarf" coconut cultivar, were used to generate 
epidemiological data relating to bud rot disease. 

Various pure stand coconut fields located on sites 
with meteorological data were also constantly 
monitored. 

An islandwide survey began in 1989. Using stratified 
sampling, twenty-eight farms were selected. Data 
were collected on varietal composition, bud rot 
incidence and environmental conditions. 

Results 

Microorganisms associated with 
bud rot diseased coconut tissues 

More than fifteen species of fungi, but only one 
species of bacterium, were associated with the 
internal necrotic tissues of the coconut crowns 
examined (Table 1 ). The bacterium Enterobacter sp. 
occurred in 69 percent of the crowns and was the 
most frequently isolated organism, Phytophthora 
palmivora, the reported pathogen of bud rot disease 
in Jamaica occurred on 10 percent of the crowns. 

Phytophthora katsurae, which was isolated for the 
first time from bud rot-infected crowns in Jamaica, 
was detected in 12 percent of the crowns collected. 
As shown in Figure 1, Phytophthora palmivora and 
Phytophthora katsurae were found together in the 
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Fig 1. Coconut Palm Distribution in Jamaica 
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Table 1. Frequency of occurrence of microorganisms 
associated with 52 crowns with internal rot 

Microorganisms 

Enterobacter sp. 
Various yeasts 
Thielaviopsis 
Basidiomycete (unidentified) 
Cylindrocarpon musae 
Curvularia verrucilosa 
Cepholosporium sp. 
Penicil/ium citrinium 
Phytophthora katsurae 
Phytophthora palmivora 
Aspergillus amste/odamia 
Rhizopus sp. 
Sporotrichum pruinosum 
Pestalotiopsis versico/or 
Mucor circinel/oides 
Aspergillus niger 

Frequency(%) 

69 
31 
17 
1S 
1S 
14 
14 
12 
12 
10 
10 

4 
4 
4 
2 
2 

same coconut fields only at Barton Isles and Spring 
Garden. 
Yeast, Thielaviopsis paradoxa, and thirteen sapro
phytic fungi were also isolated. 

Pathogenicity tests 

Detached cocoa pods 

Phytophthora katsurae and Phytophthora palmivora 
isolates from bud rot-diseased coconut crowns failed 
to rot the tissues of tested ICS 98 cocoa pods. 
However, Phytophthora palmivora isolated from 
diseased coconut fruit and cocoa pods proved 
pathogenicity (Table 2). 

Coconut seedlings 

The development of bud rot disease symptoms, 
which frequently resulted in the death of test 

Table 2. Mean areas of lesions on detached pods of 
two cocoa cultivars on the fifth day after wound 
inoculation with three isolates of Phytophthora 
palmivora and one of Phytophthora katsurae and 
incubation in the dark at 25°C 

Mean area rotted (cm2)a 

Fungus Source ICS1 ICS98 

P. Palmivora coconut crown 0.0 0.0 
P. Palmivora coconut fruit 31 .sb 17.8b 
P. Palmivora cocoa pod 43.7b 33.6b 
P. Katsurae coconut crown 0.0 0.0 
Control (non fungus) 0.0 0.0 

a: Each figure represents a mean of eight observations 

Standard error of the difference = 3.58 for coconut fruit and 
cocoa pod isolates only 

b: Denotes significant difference from the control at p <0.001 
according to Student's t-test (Bailey, 1979) 

seedlings was observed in both colour form of 
"Malayan Dwarf' and "Maypan" cultivars when the 
seedlings were wound inoculated (Table 3) . 
Symptoms occurred within six days of inoculation 
with Thielaviopsis paradoxa and twelve days of ino
cu I ati on with Phytophthora palmivora. Control 
seedlings did not develop bud rot disease symptoms. 

By forty-two days after inoculation, all the test fungi 
had caused necrosis of host tissues of at least 
50 percent of the inoculated plants. Symptom 
remission was most frequent among seedlings 
inoculated by Thielaviopsis paradoxa and Entero
bacter sp. (Table 3) ninety days after inoculation. 
Surface inoculated seedlings rarely developed bud 
rot symptoms. 

Table 3. Frequency of seedlings of two coconut cultivars showing necrotic spear leaf ot 42 and 90 days after 
being injected with Phytophthora palmivora, Thielaviopsis paradoxa, Enterobacter sp. and water. 

Symptomatic plants (%)a 

Cultivar Colour form P. palmivora Enterobacter (cc) T.paradoxa (cc) 

Coconut (cc) Cocoa 

D1 02b D1 

Malayan Dwarf Yellow so so 7S 
Malayan Dwarf Red 7S 7S 7S 
Maypan Bronze 7S 7S 7S 
Maypan Green 7S 100 7S 

a: Each figure is the percentage of three replicates each with four 
seedlings 

b: Dl and D2 denote 42 and 90 days, respectively 

D2 D1 D2 D1 

7S 0 0 7S 
7S 2S 0 7S 
7S 2S 0 72 

100 2S 0 100 

Analysis of deviance value= 28.65 

Degrees of freedom = 30 

Coconut Phytophthora Workshop - Manado, Indonesia, 26-30 October 1992 

D2 

2S 
so 
2S 
so 

Water 

D1 D2 

0 0 
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0 0 
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Table 4. Mortality after 101 months growth of each eleven coconut cultivars at Orange River and Caenwood 

Morntality (%) 

Cultivar Orange River Caenwood 

No planted No O/o No planted No % 

MD x Malayan Dwarf• 40 15 37.5 48 26 54.2 
MD x Kar Kar Tall 30 8 26.7 36 6 16.7 
MD x Peru Tall 30 8 26.7 36 7 19.4 
MD x Markham Valley Tall 30 9 30.0 36 6 6.7 
MD x Fiji Dwarf 30 5 16.7 48 9 25.0 
MD x Panama Tall 30 4 13.3 36 5 13.9 
MD x Malayan Tall 30 4 13.3 36 8 22.2 
MD x Cambodia Tall 30 3 10.0 36 5 13.9 
MD x Bougainville Tall 30 4 13.3 36 1 2.8 
MD x Sarawak Tall 30 9 30.0 36 4 11.1 
MD x Thailand Tall 30 4 13.3 36 1 2.8 

a: MD = Malayan Dwarf 

Table 5. Mortality of coconut cultivars due to bud rot disease at four sites over 91 months, December 80-June 88. 

Site Cultivar Number initially planted Number of dead palms % mortality 

MD' x Tall hybrid 
Caenwood Malayan Dwarf 

MD x Fiji Dwarf hybrid 

MD x Tall hybrid 
Orange river Malayan Dwarf 

MD x Fiji Dwarf hybrid 

Indian Green Dwarf 
Plantain Garden Ceylong King 

a: MD =Malayan Dwarf 

Epidemiology variety and field trials 

As indicated in Table 4, the highest percentage of 
mortality was recorded among the "Malayan Dwarf" 
cultivar at both Orange River (37.5 percent) and 
Caenwood (54.2 percent) variety trials. Although all 
ten hybrids tested recorded a number of palms killed 
by bud rot, they appeared to be more resistant than 
their mother palm the "Malayan Dwarf" at Orange 
River and Caenwood (Table 4). 

The "Indian Green Dwarf" cultivar at Plantain 
Garden also had higher mortality (23 percent) than 
the "Ceylon King" coconut (15.4 percent) (Table 5). 

Disease incidence within the field was seasonal 
and there were some indications of a direct 
relationship between monthly rainfall and the 
number of newly infected palms at Orange River, 
Caenwood and Plantain Garden during the 
observation period (Figures 1, 2 and 3). The highest 
number of new infections were recorded during 
February to Apri I, five to six months after the 
highest rainfall period. 

324 
48 
48 

270 
40 
30 

217 
175 

52 16.0 
26 54.2 

9 18.8 

58 21.5 
15 37.5 

5 16.7 

50 23.0 
27 15.4 

lslandwide survey 

Of the 159 969 palms examined, 55.5 percent were 
"Maypan" and 44.5 percent were "Malayan Dwarf". 
The incidence of bud rot as a percentage of the total 
sampled population was 0.21 percent in one year. 
lslandwide, the incidence among the "Malayan 
Dwarf" was only marginally different from that 
among the "Maypans" (0.20 percent) (Table 6). 
Generally, a higher percentage of palms died of bud 
rot disease in the western end of the island. 

Conclusion 

• Bud rot disease occurs islandwide; Phytophthora 
palmivora and Phytophthora katsurae appear to 
be the causal agents. There are at least two 
pathogens of Phytophthora palmivora affecting 
coconut in Jamaica. 

• Coconut cultivars in Jamaica show varying levels 
of susceptibility to bud rot disease but none 
appear to be highly resistant. Wounding predis-
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Figure 2. Number of coconut palms of various cultivars dying from bud rot disease at two-monthly intervals 
between December 1986 and April 1989 at the four experimental sites. 
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Figure 3. Relationship between numbers of newly infected coconut palms and quantity of rainfall between 
December 1986 and August 1988 for Orange River, Caenwood and Plantain Garden experimental sites. 
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Table 6. Bud rot incidence, expressed as a percentage of total population observed over a one year period. 

Maypan Malayan Dwarf 

Region No of palms observed Incidence (%) No of palms observed Incidence (%) 

Eastern 
Western 
lslandwide 

70 353 
18 482 
88 835 

0.18 
0.29 
0.20 

poses the plants to Phytophthora attack. There is 
a direct relationship between quantity of rainfall 
and bud rot incidence. 

• Currently, the incidence of bud rot disease in 
Jamaica appears to be less than one percent per 
year. However, the disease incidence varies bet
ween field and in a few isolated areas it exceeds 
10 percent. 

Future research 

The Plant Pathology section of the Coconut 
Industry Board recognizes the need for research 
especially in areas of pathogen biology, epidemio
logy, resistance breedings and integrated control. 
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Spatio-temporal analysis of disease distribution. 
Description of a few methods and initial results on 
Phytophthora 

J. DAUZAT, R. LECOUSTRE 
CIRAD-GERDAT, Modelisation. BP 5035. 34032 Montpellier, Cedex 1. France. 

Introduction 

Phytophthora attacks on coconut palms can 
take two forms: bud rot, which kills the .palm, and 
nutfall, which only affects developing nuts. 
Although specific treatments may be effective for 
either form, the basic idea is to study a binary va
riable characterizing the condition of the trees, 
healthy or diseased. The most widely used methods 
for analysing the spatial distribution of such a 
binary variable include doublets and series. 
Examples of their application in the study of bud rot 
have been given by Lecoustre (1986), but we shall 
see that a non-parametric method can be highly 
appropriate for this type of study. 

Methods dealing with binary variables, in this case 
the state of health of coconut palms considered 
individually, are suited to the detection of small
sized spatial structures. For the analysis of disease 
distribution on a wider scale, the zone to be studied 
can be subdivided into equal spatial sub-units 
(which we shall subsequently refer to as "blocks"). 
Various methods can then be used for the spatial 
analysis of diseased plant densities within the 
defined blocks. Among these methods, the semi
variogram is the most powerful. This method was 
used by Lecoustre to study the spread of bud rot in 
coconut plantations. Other complementary methods 
will also be examined. 

The spread of a disease is a dynamic process, 
requiring spatio-temporal analysis. A brief 
description will therefore be given of a few 
methodological principles of temporal analysis. 

Data pre-processing and 
display 

Displaying data is always the first step in an 
epidemiological study, so as to assess at a glance 
how the disease is distributed and, often, ascertain 
its basic characteristics: existence of clusters, 
anisotropy, border effects, etc. A simple way of 
displaying data is to plot the position of healthy and 
diseased plants on the map, using different symbols 
(Fig. 1 ), or the same symbol with different attributes 
(colour and/or symbol size). When diachronic data 
are available, either a set of such maps can be 
reproduced, or a single map can be made with 
symbols coding for observation dates. 

Either two-dimensional maps, or three-dimensional 
graphs can be used to represent diseased plant 
densities within blocks. In the first case, densities per 
block will be represented by a spectrum of colours, 
a scale of greys or symbol sizes (Figs. 2a and 5). In 
the second case, densities will be represented along 
the vertical scale of the graph (Fig. 2b). 
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Figure 1. Mapping of healthy and diseased plants. 
Random simulation carried out for a 25% 
contamination rate. 

Analysis of diseased plant 
individual distributions 

Very different methods can be used to analyze the 
distribution of healthy and diseased plants in the 
field. One set of methods is based on calculating the 
number of diseased plant sequences (doublets 
method and series method). Other methods analyze 
the average distance between diseased plants. The 
methods used by Proctor (1984) or Gray et al. (1986) 
take into account both the distances and directions 
between pairs of diseased plants . 
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Analysis of diseased plant sequences 
To analyze series, the number of diseased plant 
sequences along a row or set of rows is totaled. A 
series is made up of an indefinite number of 
adjacent diseased plants (at least 1 ). In the example 
below, thirteen sequences can be counted along the 
top row and 11 along the bottom row. The number 
obtained is then checked against the number 
expected in a random distribution hypothesis. 

The doublets method is different from the series 
method in that the length of sequences is limited to 
two diseased plants and the same plant may belong 
to two doublets if it has a diseased plant either side 
of it. Thus, in the example below, 13 doublets can 
be counted along the top row and 14 along the 
bottom row. A diseased plant distribution analysis is 
conventionally carried out by comparing the 
number of diseased plant doublets (ee) with the 
theoretical number expected under the hypothesis 
for random disease distribution. This type of ana
lysis can be extended to groups of more than two 
adjacent diseased plants. For example, sequences of 
3 diseased plants (triplets) or 4 plants (quadruplets) 
can be analyzed. In the example below, there are 5 
triplets and 1 quadruplet along the top row and 8 
triplets and 4 quadruplets along the bottom row. 

According to Madden et al. (1982), analysing 
numbers of series would be more effective than 
analysing numbers of doublets to determine whether 
diseased plant distribution is random. However, ana
lysing the number of groups with variable contents 
can be recommended in that it provides additional 
information as to the size of infestation loci. 

Reffye (1975, 1979) and Lecoustre (1985) proposed 
a more precise analysis method covering all the 
possible doublets (ee), (eO) and (00). In the case 

10 

11 

0 
3 5 9 11 

Figure 2. Two-and three-dimensional representations of diseased plant densities within blocks. (Same data as in fig. Sb) 

58 Coconut Phytophthora Workshop - Manado, Indonesia, 26-30 October 1992 



ooeoeeooeoooeeeoo••••oooeoeeoooooeooeeooooeeeoooeeoooeeeoooe 
oeoeeooooo•••••oooeooeeoooeeeoeooooooo•••ooo•••••oooeooeoooo 

Figure 3. Example of healthy (0) and diseased (e) plant sequences 

of random diseased plant distribution, the 
distribution of these doublets has to be binomial: 

P(••l = p(e)p(e) 
P(•O) = 2p(e)(1-P(e)) 
P(OO) = (1-p(e))(1-p(e)) 
... p(e) being the number of diseased plants 

The existence of contagion induces drift from this 
binomial distribution. A pairing rate R is therefore 
introduced: 

P(••l = p(e) ((1-R)p(e) + R) 
P(eO) = 2p(e) (1-R)(1-P(e)) 
P(OO) = (1-p(e)) ((1-R)(1-p(e)) + R) 

In addition, using this method means that the 
analysis is not limited to a single direction. For a 
palm plantation planted in a staggered design, 
groups of 7 trees can be considered (a central tree 
and its six immediate neighbours). The theoretical 
distributions obtained in this case, with and without 
pairing, have been given by Lecoustre (1985). 

Analysis of the distance from 
the nearest neighbour 

For this analysis (Clark & Evans, 1954), the mean 
distance ra between a diseased plant and its nearest 
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diseased neighbour is calculated. This distance is 
then compared to the theoretical distance re 
expected under the hypothesis of Poisson dis
tribution by applying a ratio R = r /re· 

N 

R = ~ 
r, 

Er, 
- '"° r =--• N 

- I r =-
• 2.[Q 

(J = plant density 

The ratio R represents a distribution index. It is close 
to unity for random distribution, lower for cluster 
distribution and higher for regular distribution. 

The two-dimensional class model 

This approach developed by Gray et al. (1986), after 
Proctor (1984) involves studying a number of 
diseased plant pairs per distance class in two 
directions, conventionally along rows (X axis) and in 
a perpendicular direction (Y axis). The number of 
diseased plants in relation to the total number of 
possible pairs is calculated for each distance class in 
X and Y (Standard Count Frequency). The novelty of 
the method is to determine this number of possible 
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Figure 4. Spatial distribution of infected plants on a grid containing 10 x 20 nodes. (left) 
Results of distance class analysis (right) (according to Gray et al., 1986) 

0 healthy plant 

• diseased plant x missing 

+ distance class with a higher SCF than expected at 5%, 
- distance class with a lower SCF than expected at 5% 
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pairs by carrying out 400 pseudo-random 
simulations of diseased plant distribution in the field 
using the Monte Carlo technique. In this way, a 
theoretical frequency distribution is obtained for 
each distance class, enabling the observed SCF to be 
tested. The test results are then displayed on a graph 
(Fig. 4b). If there is any difference from the random 
model, it is possible to go quite far in detecting 
structures using this method: 

• detection of clusters, 

• assessment of their size, 

• analysis of distribution anisotropy. 

The mode of theoretical SCF calculation means that 
this method is very flexible to use. Complex 
situations can be dealt with, such as missing plants 
in the field studied. We also find this method 
particularly suited to the temporal analysis of disease 
spread. Indeed, the appearance of new disease cases 
in the field can easily be simulated taking into 
account the situation observed in the previous stage. 

Analysis of diseased plant 
densities per block 

Analysis of diseased plant density 
distributions 

The first statistical methods, which are still widely 
used, primarily consisted of comparing diseased 
plant local density distributions with those expected 
in the case of random distribution; if diseased plant 
distribution is random, the distribution of their 
density per block should be Poisson type. Given that 
the mean and the variance are identical for a 
Poisson distribution, their comparison is often used 
to test the random nature of a distribution. The 
distribution is considered to be random if the 
variance is not significantly different from the mean. 
In the opposite case, it is qualified as clustered 
(variance > mean) or regular (variance < mean). 
Various indexes based on this comparison are used. 
The Fisher dispersion index, Id = variance I mean, is 
the most widely used. 

The same mean and variance do not necessarily 
mean a Poisson distribution. To test disease 
distribution effectively, the distribution has to be 
adjusted using the maximum likelihood method, 
then the fit tested using x2. Other theoretical laws 
can be tested in the event that x2 leads to rejection 
of the random distribution hypothesis. One of the 
most common is the negative binomial law, which is 
typical of certain clustered distributions. The k 

parameter of this law is then an aggregation index 
(the more clustered the distribution, the lower the 
value of k) . 

Generally speaking, any disease dissemination 
model can be tested by comparing the distribution it 
generates with observed distribution. However, a 
good fit between observed distribution and 
theoretical distribution does not necessarily mean 
that the proposed model is in fact appropriate. Thus, 
Legay and Debouzie (1985) showed that there were 
at least fifteen or so theoretical processes capable of 
generating a negative binomial distribution. 

However, the main failing of this type of method is 
not taking into account the position of spatial sub
units. The example below (Fig. S) clearly illustrates the 
interpretation errors this can cause: Diseased plant 
frequency distributions are the same in the three cases 
and fit well to a Poisson distribution. It could therefore 
be concluded that the distribution is random in the 
three cases, whereas it is clustered in the second case 
and regular in the third. In order to avoid this type of 
snag, Chessel (1978) proposed systematically varying 
the size of the blocks. Although this procedure 
enables a larger range of alternative hypotheses to be 
tested, result interpretation requires a thorough 
command of the subject. 

The geostatistical method 

The geostatistical method is by far the most effective 
for analysing the spatial structure of disease 
distribution (Lecoustre & Reffye, 1986; Lecoustre et 
al., 1989). The practical tool for this analysis is the 
semi-variogram, simply defined by the following 
relation: 

y (h) = ~E [{Z<x+h) -Z(x)}2] 
2 

Z = random function 
... with : x = index of spatial position 

h = spatial lag value from the x position 

Using a semi-variogram does not involve any 
hypothesis relative to the process. The only 
condition required is that, for any vector h, the 
difference Z(xi+h)-Z(xi) has a mathematical 
expectation and a variance independent of the 
localization of x. If this "intrinsic hypothesis" is 
valid, we have 

{ 
E (Z<x+h)-Z(x)) = 0 

V (Z<x•h)-Z(x)) = 2"1(.h) 

An "experimental semi-variogram" can then be 
constructed by effecting the semi-variances of pairs 

60 Coconut Phytophthora Workshop - Manado, Indonesia, 26-30 October 1992 



c 0 1 2 3 4 5 6 7 8 9 
A= random, B = clustered, C = regular with repulsion between adjacent blocks 

Figure 5. Three types of diseased plant distribution with the same Poisson distribution of diseased plant 
densities per block 

of points at a spatial lag h apart. 

E [Z(x;+h)-Z(xi)r 
(h) = l _1-_1 ______ _ 

'Y 2 N(h) 

The semi-variogram is a descriptive tool and its 
interpretation purely qualitative. Its application to 
the above examples would enable us to specify the 
basic criteria for such interpretation and the type of 
information that can be derived from it. 

• case a. In this case, the semi-variance is indepen
dent of the distance (flat variogram). The variable 

studied therefore involves no regionalization, i.e. 
no spatial structure on the scale of the plot studied. 

• case b. The first part of the semi-variogram rises, 
then levels off. This incline indicates that the 
similarity between the numbers of diseased plants 
in two blocks is, on average, greater the smaller 
the distance separating them. These are thus clus
tered structures. On the other hand, beyond a 
certain distance (called the range of the semi
variogram), the semi-variance tends towards a 
plateau, indicating that there is no longer auto
correlation between the blocks. 
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Figure 6. Semi-variograms obtained for the three 
distributions mapped in Figure 5 
Gaussian fitting for B 
y (h) =Yo+ Y1 (1 - e<hla!2J 

R2 =0.996 

• case c. We are in the presence of a repulsion 
phenomenon, with a severely contaminated 
block systematically surrounded by only slightly 
contaminated blocks. Construction of the semi
variogram immediately brings out this situation. It 
can also be concluded that there is no autocorre
lation between the blocks located at even dis
tances or between those located at odd distances, 
which is in compliance with the random draw 
method for these two sets of blocks . 

The semi-variogram is said to be non-oriented when 
all the pairs of points are used to calculate semi
variances. However, oriented semi-variograms can 
be constructed by selecting the orientation of the 
pairs of points. A comparison of semi-variograms 
obtained for different orientations can be used to 
detect anisotropic distribution. 

Autocorrelation coefficients 
and functions 

Although the semi-variogram unambiguously reveals 
autocorrelation between neighbouring blocks, there 
are cases when such autocorrelation has to be sub
jected to a significance test. Moran's index (or 
(1950) can be used to analyze the autocorrelation 
between two adjacent blocks. It is defined by: 

I=..!!.._ 
24. 

. . 
L L 0v (x,-X> Cx1-X> 
i•l j•l ... with:iitj 

Cliff and Ord (1973) showed that in the absence 
of autocorrelation, I is asymptotically distributed 
according to a normal law. This statistic was ex
tended to the case of non-adjacent blocks (Hudelson 
et al., 1989). All the coefficients obtained for 
increasing distances between blocks constitute an 
autocorrelation function defined by: 

T~ 

L (x,-X)(x;., -X) 
r(S) =_•-_I ~T,__ __ 

E <x,-W 
i•1 

As the confidence interval r(s) is known for a 
random distribution hypothesis, the spatial lags for 
which the null hypothesis has to be rejected can be 
determined and it is possible to say whether dis
tribution is more regular or more aggregative (Fig. 7). 

The autocorrelation function defined above can only 
be used to analyze the distribution of a disease in a 
given direction . However, Cliff and Ord (1973) 
introduced neighbourhood operators for an overall 
study of spatial correlation between the local value 
of the variable studied and the mean obtained for a 
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Figure 7. Spatial correlation function for 20 spatial lags. The dotted lines limit the confidence interval to 95% 
(according to Hudelson et al., 1989.). 
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Figure B. Neighbourhood relations to ]St and 2nd order spatial lags (according to Reynold & Madden, 1988). 

set of neighbouring units (Fig. 8) . Among the 
possibilities proposed, the rook and bishop operators 
seem to be the most appropriate in that the spatial 
lags can be expressed as metric distances. 

First analyses on bud rot 
caused by Phytophthora 

The spread of bud rot was analyzed by Lecoustre 
(1986) in four plots. The first two plots ("Samo 
1966" and "Samo 1970"), located at Samo in Cote
d'Ivoire, are smal I in size (Fig. 9a and 9b). From 
1978 to the beginning of 1982, affected plants were 
recorded every six months (8 checks) in both of 
these plots. The other two plots, located at Assinie in 
Cote-d'Ivoire, are larger (Fig. 9c and 9d). Plot 
"Assinie El 3" was monitored somewhat sporadically 
from March 1982 to February 1985, i.e. a total of 11 
checks. Plot "Assinie El 8" was checked 13 times 
from March 1982 to November 1984. The two Samo 
plots contained a large number of dead trees during 
the initial checks, though it was not known if 
Phytophthora was responsible for these deaths. The 

number of dead trees during the initial checks in the 
two Assinie plots was lower, but quite substantial. 

Geostatistical analysis of disease 
distribution 

For this analysis, the plots were subdivided into 
blocks of 6 x 7 = 42 trees (Fig. 10). All in all, the 
non-oriented semi-variograms obtained for the two 
Assinie plots are flat for a distance of 4 blocks (Figs. 
11 and 12). Beyond this, the semi-variograms reveal 
an increase in semi-variance in line with distance. 
However, interpretation of this rising section of the 
semi-variograms requires caution, for several 
reasons: 

• when the distance exceeds half of the smallest 
dimension of the plot, the central blocks are no 
longer taken into account in the semi-variance 
calculations, 

• correlatively, the number of block pairs dimi
nishes with distance (Fig. 11 ), 

•finally, as the plots are rectangular, the numbers 
of block pairs are no longer the same for all 
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Figure 9. Diagram of the plantations studied by Lecoustre, 1986 

directions, once the distance exceeds the smallest 
dimension of the plot. 

Given the above points, it is impossible to conclude 
with any certainty that regionalization exists on a 
large scale. Whatever the case, an analysis of spatial 
distribution requires the construction of oriented 
semi-variograms. The semi-variograms obtained for 
N-S, E-W, NE-SW and NW-SE directions look 
similar for plot E13 (Fig. 13) and for plot E18. In 
both cases, only the N-S oriented semi-variogram 
reveals a clear rising tendency for all the checks. 
The fact that the increase in semi- variance occurs 

for large distances results primarily from the higher 
concentrations of diseased plants along the border 
of the plots. Interpretation of this anisotropy would 
require knowledge of infestation sources and of 
wind patterns. 

Geostatistical analysis has also been put to innovative 
use by Lecoustre (ibid.) to try and determine whether 
tree mortality prior to the first checks was linked to 
Phytophthora. This involved considering dead trees as 
diseased trees. The semi-variograms obtained for this 
hypothesis were then compared to those obtained 
when only counting proven cases of Phytophthora. 
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a: SAMO 1966 b: SAMO 1970 

c: ASSINIE E13 d: ASSINIE El 8 

Figure 10. Chart of the plots in Figure 8 after splitting into blocks of 6 x 7 trees. 

dead trees ignored dead trees as sick 

Figure 11. Non-oriented semi-variograms obtained for plot Assinie El 3. The size of the circles is 
proportional to the numbers of pairs of points 
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The results show that regionalization is not improved 
when dead trees are assimilated to Phytophthora 
cases. As there is no regionalization of dead trees from 
the outset in either plot, the proposed hypothesis can 
be neither proved nor disproved. 

Epidemiological analysis 

The analysis first concentrated on the distribution 
of trees dead or missing prior to the first checks. 
Apart from plot Assinie El 8, distribution of the 
number of dead plant doublets differed 
significantly from the theoretical binomial 
distribution under a random distribution hypo
thesis. The pairing rates obtained (16, 18 and 7% 
for plots Samo 1966, Samo 1970 and Assinie 13 
respectively) indicated cluster distributions. For all 
the plots, the number of dead tree series was 
lower than expected. It could also be seen that the 
larger the percentages of dead trees before the first 
checks, the larger was the difference. In the 
hypothesis that the trees were killed by 
Phytophthora, this would mean that the disease 
spread step by step. 

Analyses of proven Phytophthora cases cumulated 
over time gave different results depending on the 
plots. For the two Samo plots, the distribution of 
doublet numbers were never significantly different 
from expected distributions. Nevertheless, the 
calculated pairing rates appeared to become 
negative as the disease spread, indicating that the 
new cases of the disease occurred further away 
from the old cases than they should have under 
the random hypothesis. 

The numbers of series, however, were always 
higher than expected. For the two Assin ie plots, 
the distributions of doublet numbers only differed 
from the theoretical binomial distributions during 
the initial checks (though the deviations were 
slight since the calculated pairing rates were only 
around 2 to 3%). The numbers of series did not 
differ significantly from the numbers expected for 
these two plots. 

On the whole, these results suggest the existence 
of two disease propagation phases: 

•"cluster" phase during which contamination 
would seem primarily to spread by degrees 
around contamination foci (case of the first 
stages of infestation in the Assinie plots), 

•a "regular" phase during which new disease 
cases occur further away from the contami
nation foci than they ought (case of Samo plots 
when the infestation rates become high). 

The cluster distribution of dead trees prior to the 
first checks could be due to Phytophthora pro
pagation in its first phase. The analyses carried out 
assi mi I ati ng these dead trees to Ph ytophthora 
cases also back up this hypothesis. The second 
phase is more difficult to interpret, but could be 
explained by the existence of trees less susceptible 
to Phytophthora. 

Conclusions 

Initial analyses of bud rot propagation indicate 
first and foremost that the disease spreads over 
large distances. The most obvious proof is that the 
disease is distributed throughout the entire plot 
from the outset in each case. This also probably 
explains why the start of most of the variograms is 
flat. Geostatistical analysis also reveals that disease 
distribution is anisotropic. However, knowledge of 
the environment in the plots and of the wind 
patterns would be required to interpret this 
anisotropy. 

Disease dissemination over large distances does not 
rule out contagion by degrees, as shown by analyses 
using the doublets and series methods. However, it 
was also seen that new cases occurred further from 
the infestation foci than they ought to have done in a 
later stage of the disease. This last point deserves 
particular attention in future epidemiological studies 
on Phytophthora. In this respect, the two
dimensional class model (Gray et al.) could be used 
to further improve the analysis of the distribution of 
new disease cases compared to the old cases. 
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Species of Phytophthora implicated in bud rot and 
nutfall of coconut in Cote-d'Ivoire and Indonesia 

G. HALL 
International Mycological Institute. Bakeham Lane. Egham. Surrey. TV 20 9 TY. United Kingdom. 

J.S. WAROKKA 
Balai Penelitian Kelapa (Balitka). PO Box 1004. Manado 95001. Indonesia. 

Cultures from Indonesia 

Water cultures were prepared and grown at 
25°C for 10 days, all produced papillate sporangia, 
had one or more papillae. Shapes were mostly 
ovoid, ellipsoid, or spherical obturbinate. Most 
were highly caducous (>25%), with short pedicels, 
but some were not. None produced oogonia in cul
ture (all were heterothallic) and so were mated with 
complementary A 1 and A2 strains of P. palmivora 
using the agar squash technique. 

Growth rates were highly variable: 3.5 to 8.5 mm 
colony radius increase per day, and so were not 
used to differentiate species. The distinguishing 

characters of some morphologically similar papillate 
species to which these cultures could be assigned 
are given in the slide. Using the study results, 
cultures could be assigned to P. palmivora (33), P. 
arecae (11) or P. nicotianae (1 ), but 10 cultures were 
unassignable to any of these species by morphology 
alone (designated "u"). None were assignable to P. 
botryosa or P. meadii. We mated P. nicotianae and 
P. arecae again with complementary strains of each 
species to check oogonium and oospore sizes. 

Each culture was examined for nine characters: 
presence of chlamydospores, production of 
sporangia on agar, L:B ratio, ;:::1 apex on 
sporangium, caducity, pedicel diameter, growth at 
oogonium diameter >26 µm), oospores <:: 26 µm. 

Table 1. Diagnostic characters of five morphologically similar species of Phytophthora, all papillate and 
heterothal I ic. 

Sporangia Sporangium Caducity Pedicel Sporangium Oogonium Oospore Chlamydospores Growth 
on agar L: B ratio length >1 apex diameter spores at 35° 

P. nicotianae - 1.2-1.3 3 + 26 2 v + 
P. arecae ± 1.3-1.4 + 3 30 v ±(1) 
P. palmivora + 1.4-1 .6 3 30 23 + 
P. botryosa + 1.7-2.2 + 3-10 25 22 V(2) ±(3) 
P. meadii + 1.3-2.0 + 10-20 + 33 24 + 

v varies with culture 2 small (20 µm diam) 

1 "Maximum about 35°C 3 "growth >32°C 
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Table 2. Comparison of morphological and biochemical methods of identification 

Palmivora Palmivora Palmivora Nicotianae Total 
monomorphic polymorphic polymorphic 

"cocoa type" "coconut type" 

P. palmivora 3 
P. arecae 3 
P. nicotianae 0 
unassignable 0 

We included named reference cultures: 3 P. arecae, 
4 P. palmivora (including those of coconut from 
Indonesia and Cote-d'Ivoire) , 3 P. nicotianae 
(including one coconut from Cote-d'Ivoire). Cluster 
analysis (UPGMA method) showed the same broad 
grouping into P. palmivora, P. arecae and P. 
nicotianae, but two named P. nicotianae strains 
included in other cluster and a most unassignable 
strains were not grouped. 

Cultures assigned to P. arecae and to P. palmivora 
differed by only a few variable characters and so we 
cannot tell at the moment whether these two species 
are separable. We must re-examine these results and 
include results from isoenzyme phenotype analysis. 
Preliminary results combining the two techniques 
(Table 2) showed that it may be possible to allocate 
unassignable cultures to named species using 
isoenzyme phenotypes. 

Cultures from Cote-d'Ivoire 

Nearly all produced spherical or ovoid papil
late sporangia, which occasionally had two 
papillae. All were non-ciduous and produced no 
chlamydospores. Sporangia were often not pro
duced until at least 14 days in water culture. All 
produced oogonia in culture (all homothallic); 

11 19 0 33 
1 7 0 11 
0 0 1 1 
0 7 3 10 

oogonia had small protuberances, but some did 
not. 

Isolates with smooth oogonia could be referred to P. 
heveae since they were morphologically very similar 
(and are genetically similar). We measured 
oogonium neck length and found it to be long (16-
23 µml rather than short as in P. heveae (3-10). This 
character helps distinguish these two species. 

General conclusions 

The results show that P. palmivora and P. 
arecae were found in Indonesia from nuts or buds, 
P. nicotianae only from soil. Therefore, P. palmi
vora is the pathogen in Indonesia. We cannot yet 
determine whether these two species are synony
mous. The results also show that P. palmivora only 
occurs in Indonesia, P. katsurae only in Cote
d'Ivoire. 

It is unlikely that bud rot and nutfall were brought to 
Indonesia from Africa in infected planting stock. 
Southeast Asia is a possible centre of origin of P. 
palmivora, and so we would expect it on infected 
trees, and that the greatest variation would be in this 
region. Although P. palmivora is present in Africa on 
cocoa, why do we find so little coconut infection? 
Why is P. katsurae there and not in Indonesia? 
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Phytophthora in Indonesian coconut plantations: 

populations involved 

J.5. WAROKA, J.M. THEVENIN 
Balai Penelitian Kelapa (Balitka). PO Box 1004. Manado 95001. Indonesia. 

Introduction 

Phytophthora diseases are rare on palms, apart 
from on coconut which is affected by two diseases -
bud rot and immature nutfall - in many countries in 
the intertropical zone. Butler (1906, 1910) was the 
first to describe bud rot on Tall coconuts, in 
southern India. Immature nutfall caused by Phyto
phthora was first described by Gadd in Sri Lanka in 
1921, then in more detail by Teodoro (1925) in the 
Philippines. Up to then, several species were 
reported as being involved in these diseases, 
namely: 

• P. palmivora in Jamaica, Indonesia, French Poly
nesia and the Philippines, 

• P. heveae in Vanuatu and French Polynesia, 

• P. katsurae in Jamaica and Cote-d'Ivoire, where it 
was called P. heveae, 

• P. parasitica in Costa Rica 

(Steer and Coates Beckford, 1990; de Franqueville 
and Renard, 1989). Bennet et al. (1986) mentioned 
having isolated P. nicotianae var. nicotianae from 
the spear of a coconut affected by bud rot. 

Given the diversity of the species involved in 
coconut Phytophthora diseases throughout the 
world, but also within the same country, numerous 
isolations were carried out under the EEC project on 

coconut and cocoa based farming systems, to study 
the strains obtained. The methods used and the re
su Its obtained on 240 Indonesian strains are 
described in this paper. 

Method 

Strain origin and isolation 

The collection is made up of strains isolated from 
the organs of coconut palms and cacao-trees 
affected by Phytophthora (bud rot, nutfall, pod rot), 
or from material making up the environment of the 
trees (soil, organic debris in coconut leaf axils, 
rainwater collected under coconut palms). Whilst 
isolations were carried out directly on a selective 
corn meal agar (CMA) medium containing various 
antibiotics and fungicides (Ampicillin, Pymaricin, 
Rifampicin, Hymexazol, Pentachloronitrobenzene), 
in the second case Phytophthora was trapped 
beforehand using immature Nias Yellow Dwarf nuts, 
prior to isolation on a selective medium. 

In addition to research work and numerous 
isolations carried out in North Sulawesi, many 
strains isolated during surveys were brought back 
from several regions in Indonesia: Central and South 
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Sulawesi , Moluccas, Aceh, North Sumatra, 
Lampung, West Java and Bali . 

Species identification 

Species identification was based on morphological 
and physiological criteria using several techniques: 

a.Type of colony on different media, growth mea-
surement 

b.Sporocyst production in a liquid medium: an 
implant was placed in steri l ized fresh water until 
sporocysts formed (between 24 hours and 5 days 
depending on the species) 

c. Use of cold temperatures to induce sporocyst for
mation and zoospore release 

d.Slide preparation: after growing in a liquid 
medium, a piece of mycelium was placed bet
ween the slides in a drop of lactophenol blue. 
The slide was sealed with nail varnish 

e.Sporocyst morphology, length:width ratio measu
rement, apex and chlamydospore characteristics, 
antheridium and oogonium configuration 

f. Relationship with temperature: a temperature of 
35°C enabled a distinction to be made between 
certain species. 

Mating type determination 

Oospore formation is possible even between strains 
of different species, providing they are of different 
mating types: strains were studied by crossing with 
two P. nicotianae of mating types already identified 
as Al and A2. 

Slide preparation: a piece of mycelium culture from 
the strain to be studied and a piece from the 
reference strain were placed side by side on a sterile 
slide and covered with another sterile slide. The 
prepared slide was then placed in a damp chamber 
at 25°C for 3 to 10 days (until oospores developed). 

Results 

Phytophthora populations in Indonesia 

Initial comment: only one strain was identified as 
belonging to the P. capsici species: this strain had 
been isolated from a nut that had fallen to the 
ground, in Central Sulawesi. It is not included in the 
tables in this paper. 

Relationship with geographical origin: 

The identification results are shown in Table 1. 

Three species were identified among the 239 strains 
studied: P. palmivora (70.3%), P. arecae (24.7%) 
and P. nicotianae (5%). 

In the provinces of Aceh, Central Sulawesi and 
North Sulawesi, the three species exist side by side, 
whereas in North Sumatra, West Java, South 
Sulawesi and the Moluccas only P. palmivora and P. 
arecae were isolated. In Lampung and Bali , only P. 
palmivora and P. nicotianae were isolated res
pectively. It is worth noting that in Lampung all the 
strains were isolated from cocoa pod rot and in Bali 
only one strain was isolated. 

Table 1. Geographical distribution of Phytophthora species (species/mating type) 

P. arecae P. nicotianae P. palmivora Total 

Al A2 nd Al A2 nd Al A2 nd Al A2 nd T 

Aceh 0 0 0 0 1 2 0 1 3 0 2 5 
North Sumatra 4 2 1 0 0 0 4 1 0 8 3 1 12 
Lampung 0 0 0 0 0 0 1 2 1 1 2 1 4 
West Java 0 0 5 0 0 0 0 0 1 0 0 6 6 
North Sulawesi 2 17 23 4 1 1 43 16 63 49 34 87 170 
Central Sulawesi 1 0 0 3 1 0 10 6 0 14 7 0 21 
South Sulawesi 0 1 0 0 0 0 0 5 0 0 6 0 6 
Moluccas 0 0 2 0 0 0 7 1 4 7 1 6 14 
Bali 0 0 0 0 1 0 0 0 0 0 0 1 

Total 8 20 31 7 3 2 67 31 70 82 54 103 239 

24.7% 5% 70.3% 

N.B. nd = not determined T =Total 
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The three species mentioned are heterothallic, but 
the mating type of a large number of strains could 
not be determined. It appears that out of 136 strains 
whose mating type was determined, 59.8% belong 
to type A 1 and 40.2% to type A2. 

In South Sulawesi and Aceh, only types A2 and A 1 
were found respectively, whereas in the other 
provinces (Central and North Sulawesi, Moluccas, 
North Sumatra and Lampung) both mating types 
were found. West Java is different in that it proved 
impossible to determine the mating type of any of 
the strains isolated. 

Relationship with strain origin: 

The results are shown in Table 2. 

P. palmivora was isolated irrespective of strain 
origin. Moreover, in the organic matter samples, it 
was the only species identified. P. arecae was also 
widely found, except in the organic matter samples. 
However, P. nicotianae was not identified in bud 

rot, rainwater or organic matter. All three species 
were isolated from cocoa pod rot, which tallies with 
Waterhouse's findings (1974). 

It proved impossible to determine the mating type of 
strains from organic matter. 

All the strains isolated from rainwater were of 
mating type A 1. This result may seem surprising as 
the rainwater samples contained infectious propa
gules from the soil or coconut palms and in these 
two media both mating types are represented. 

For the other origins, both mating types were repre
sented. 

Phytophthora populations in North 
Sulawesi 

A large number of strains was isolated in this region 
due to the proximity of the experimental sites to the 
research centre. 170 of them were studied. 

The results are shown in Table 3. 

Table 2. Phytophthora populations (species/mating type) in relation to strain origin 

P.arecae P. nicotianae P. palmivora Total 

A1 A2 nd A1 A2 nd A1 A2 nd A1 A2 nd T 

Soil 2 2 19 2 1 19 18 32 23 21 52 96 
Fallen nuts 1 6 1 1 0 0 0 3 0 2 9 1 12 
Nut rot 4 7 1 1 2 0 16 7 9 21 16 10 47 
Bud rot 1 2 0 0 0 6 2 1 7 4 2 13 
Pod rot 0 2 3 0 1 0 1 0 3 3 2 8 
Rainwater 0 0 8 0 0 0 26 0 21 26 0 29 55 
Organic matter 0 0 0 0 0 0 0 0 7 0 0 7 7 
Others 1 0 0 0 0 0 0 0 0 0 1 0 1 

Total 8 20 31 7 3 2 67 31 70 82 54 103 239 

Table 3. Phytophthora populations in North Sulawesi 

P. arecae P. nicotianae P. palmivora Total 

A1 A2 nd A1 A2 nd A1 A2 nd A1 A2 nd T 

Soil and fallen 
nuts 7 12 1 0 0 5 11 25 7 18 37 62 
Nut rot 1 7 2 0 1 0 12 4 9 13 12 11 36 
Bud rot 0 2 0 0 0 0 0 0 1 0 2 1 3 
Pod rot 0 0 1 3 0 1 0 0 3 1 2 6 
Rainwater and 
organic matter 0 0 8 0 0 0 26 0 28 26 0 36 62 
Others 0 1 0 0 0 0 0 0 0 0 1 0 1 

Total 2 17 23 4 43 16 63 49 34 87 170 
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Given the predominance of North Sulawesi strains 
within the Indonesian strains, the conclusions 
reached previously still stand, i.e.: 

- the most common species is P. palmivora, with 
71.8% of cases; it was identified irrespective of 
the strain origin, 

- the more common mating type is A 1, with 59% of 
cases. 

Discussion and conclusion 

Waterhouse's classification of Phytophthora 
strains (1963) is based on 6 groups; all the 
Indonesian strains fall in group II (amphigine 
antheridia, papillate sporangia, narrow - less than 7 
µm) . However, considerable variability , both 
morphological and physiological, was found within 
the strains. 

The strains were attached to the following three 
species: P. palmivora, P. arecae and P. nicotianae, 
with very clear dominance of P. palmivora and to a 
lesser extent of P. arecae. Moreover, these two spe
cies are similar to each other. 

P. nicotianae was only rarely encountered, and 
always in relation with cocoa or the soil (soil sam
ples or nuts fallen to the ground). 

All three species were isolated from pod rot. 
Attention is therefore drawn to the risk of conta
mination between coconut palms and cacao trees 
when one of them is affected by a Phytophthora 
disease; crossed inoculation tests should shed light 
on this aspect. 

Attaching certain strains to a given Phytophthora 
species proved difficult, as the strains had an 
unusual combination of characters. These strains 
could be intermediates or natural hybrids. This 
should be examined in the light of the findings of 
Boccas et al. (1976), who noted that crossing 
between strains of two different species gave 
substantial variability as regards morphology, 
physiology and pathogenic capacity in the progeny. 
Such crosses in the wild would contribute towards 
the evolution of Phytophthora populations. In 
addition, Oudemans and Coffey (1991) suggested 
that P. arecae and P. palmivora are one and the 
same species with the strains attached to them 
revealing morphological characters that are some-

times different. This considerable genetic diversity 
suggests that the origin of P. palmivora lies in 
Southeast Asia. Enzymatic analysis of all these 
Indonesian strains could provide answers either 
corroborating or refuting these hypotheses. 
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Present status of coconut bud rot disease in 
Indonesia 

H. BASARAN MADY 

Direktorat Jenderal Perkebunan, JI. Let. Jen S. Parman n°73 Slipi Jakarta 11410 Indonesia. 

Introduction 

Coconut is one of the major tree crops in 
Indonesia. Of the 3.5 million hectares planted, most 
(98%) is owned by about 5.6 million smallholders. 

In 1981 , the Government of Indonesia, through the 
Directorate General of Estate of the Department of 
Agriculture, implemented extensive coconut hybrid 
planting in smallholdings, through various projects: 
SCDP (Smallholder Coconut Development Project) 
and NES (Nucleus Estate and Smallholder) with 
World Bank assistance and PRPTE with government 
funds. About 100,000 hectares have already been 
planted. 

In March 1984, the first case of bud rot (caused by 
Phytophthora spp.) was reported to occur on 11 
hectares in Bangun Purba, North Sumatra (PTP VI 
plantations) . Afterwards other cases of bud rot 
occurred in Pandu (North Sulawesi), then in various 
smallholder fields of SCDP. Until now, bud rot 
disease incidence in the SCDP areas has been 
observed on about 8,000 hectares with a variable 
number of infected trees per hectare. Disease 
occurs mostly when the tree starts to produce nuts, 
i.e. five years. 

Since the first appearance of the disease in the 
smallholder plantings, the Government instructed 
farmers to immediately cut and burn the infected 
trees. However, most farmers were reluctant to cut 

their trees because of heavy fruiting on these 
infected trees. Most farmers waited for the nuts to 
mature before cutting them down. It is for this 
reason that the disease spread continuously. 

This paper is aimed at providing information on the 
action undertaken by the Government regarding this 
disease. 

Actions undertaken 

1 . Since the first report on the occurrence of the 
disease, the Directorate of Estate Crop Protection of 
the Directorate General of Estates initiated 
monitoring of this disease in all provinces where 
hybrids were planted, particularly in the SCDP 
plantations. Table 1 shows the extent of the disease 
in the six provinces of SCDP. 

Table 1. Bud rot disease in SCDP per province 

Province 

N. Sulawesi 
C. Sulawesi 
S. Sulawesi 
Maluku 
Lampung 
D.I. Aceh 

Total 

Area infected (ha) 

3,157 
1,814 

890 
664 
349 
390 

7,264 
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Table 2. Bud rot incidence in various coconut varieties in Indonesia 

Province Coconut Variety Planting year Total trees Remarks 

Surveyed Infected % infection 

North Sumatra 
Bangun Purba Bali Tall 1977 320 45 14 Trial BP GC 

CRD xWAT 1977 320 150 47 01 
EGD x WAT 1977 320 104 33 
MYD x WAT 1977 320 139 43 
WAT x PYT 1977 320 46 14 
WATx RLT 1977 320 74 23 

MYD x RLT 1977 120 71 59 Trial BP GC 
MRDxWAT 1977 120 79 66 02 
MYDxWAT 1977 120 76 63 

PB 121 1977 2211 992 45 Commercial 
planting 

WAT 1977 1084 359 33 Trees for pollen 
RLT 1977 1837 41 2 production 
PYT 1977 1404 32 2 

Lampung 
Bergen MRD x WAT 1976 144 10 7 Trial BG 

MYD x WAT 1976 144 5 3 GC 01 
MYD x PYT 1976 144 0 0 
WAT 1976 144 7 5 

PB 121 1976 1604 149 9 Comm. pl. 
WAT 1976 1084 89 8 Trees for 
RLT 1976 600 8 1 pollen 
PYT 1976 298 1 0 prodution 
JEP Tall 1978 465 2 0 
Ball Tall 1978 904 0 0 

Rejosari MYD/MRD x WAT 1985 266 39 15 Comm. planting 

Padang Ratu NYD 1985 11783 0 0 Seed garden 
MRD 1985 7417 0 0 
MYD 1985 5052 0 0 
CRD 1985 2565 0 0 

North Sulawesi 
Balitka 

Kima Atas NYD x Tenga T 1984 64 9 14 Variety trial 
(Khina 1) 
NYD x Palu T (Khina 2) 1984 64 2 3 
NYD x Bali T (Khina 3) 1984 64 3 5 

Pan du NYD x Tenga T 1977 745 3 0 
Mapanget NYD x Tenga T 1977 48 1 2 Variety trial 

NYD x Banyu T 1977 48 2 4 
NYD x Palu T 1977 48 6 13 
NYD x Bali T 1977 48 0 0 

Paniki NYD 1977 840 293 35 

SCDP 
PMU Dimenbe PB 121 1983 1198 539 45 Smallholder 
PMU Airmadidi PB 121 1982 1430 441 31 farms 

Central Sulawesi 
PMU Tompe PB 121 1982 685 95 14 Smallholder 
PMU Sabang PB 121 1982 705 145 21 farms 
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2. Control of the disease was undertaken by SCDP 
through cutting and burning in general and the use 
of chemicals in areas with high disease incidence. In 
1991 the fiscal year, about Rp. 350 million was 
appropriated in the national budget for chemical 
control of this disease in the provinces of Central 
and South Sulawesi. 
3. Extension workers involved in the control of bud 
rot were given training, including farmer leaders in 
the six provinces of SCDP. 

4. In October 1991, the Directorate General of 
Estates conducted an intensive survey on different 
types of coconut planted in Indonesia to determine 
their reactions to the disease. PTP plantations, 
Coconut Experimental Stations, Seed Gardens and 
SCDP were visited by Senior Staff and Consultants of 
DGE and Scientists of Coconut Research Centers. 

Results of the survey (Table 2) shows that: 

• Hybrids with West African Tall as parent are sus
ceptible, 

• Nias Yellow Dwarf, commonly used as female 
parent, is also susceptible, 

•Tall coconuts, other than West African Tall, were 
found to be rarely infected, 

• Hybrids of Malaysian Yellow Dwarf x Rennell 
Tall or Local Tall were observed to be less affec
ted than PB 121. 

5. Seminar on Coconut Bud Rot Disease. On June 
30, 1992, the Directorate General of Estate 
sponsored a one-day seminar on coconut bud rot 
disease with the main objective of exchanging 
information, knowledge, and experiences of various 
people (government officers, scientists, professors, 
field developers) involved in coconut development. 

Recommendations 

The participants of the one-day seminar 
recommended the following actions to be under
taken by the various agencies concerned: 

FOR EXISTING PLANTATIONS 

1.Continued monitoring of the disease with prompt 
elimination of infected trees. 

2.lnformation drives on disease identification and 
control through extension workers and farmer 
leaders. 

3.Preventive treatment in affected areas using rec
ommended fungicides. 

4.lntercropping in affected areas with other tree 
crops to maintain farmer income. 

FOR NEW AREAS TO BE DEVELOPED 

1.Planting of coconut hybrids tolerant to bud rot 
infection. 

2.Avoidance of areas with high risk of bud rot 
disease (high rainfall, high moisture, low lying 
areas with poor drainage). 

3.Use of seednuts previously treated with pesticide 
to prevent possible dispersion of the disease. 

FOR SEED GARDENS 

1 .Production of different coconut hybrids, using 
parents tolerant to the disease. 

2.Preventive treatment of mother trees against the 
disease. 

3.Seednut treatment before shipment. 

FOR FURTHER RESEARCH 

1.lntensive testing of coconut varieties to identify 
possible sources of resistance. 

2.Studies on the etiology and epidemiology of the 
disease. 

3.Studies on methods to control the disease (IPM). 
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v~riability and specificity in the Phytophthora 
genus: review of methods using morphocultural 
characters and enzymatic banding patterns 

G. BLAHA 
CIRAD-CP. Laboratoire de Phytopathologie URDDC. BP 5035. 34032 Montpellier Cedex 1. France. 

Results with morphocultural 
forms (MF) 

Developing Phytophthora cultures were described 
to detect any interspecific or intraspecific variability 
according to known culture conditions. 

Research on interspecific 
variability 

Cultures of different Phytophthora species, P. 
megakarya (code 1 ), P. palmivora (code 2), P. 
capsici (code 3), P. parasitica (code 4), P. citricola 
(code 5), P. citrophthora (code 6), et P. cryptogea 
(code 7) were observed on medium V8, pH 4.5, at 
25°C under different lighting:darkness (24h/24h) 
and alternating light/darkness (12h/12h). 

The ordination of the variables and their modes 
(= characters, Fig. 1 A) and the ordination of the 
individuals (= species, Fig. 1 B) in the same main 
plane of the FAC, 1 x 2 (15.5% of the explanation 
of total variation) reveal distribution around the 
culture growth trajectory, from the smallest to the 
largest (T1 - T6). 

Despite groupings, there is no clear separation 
between species, especially between P. palmivora 
(of cocoa) and P. nicotianae var. parasitica. 

Research on intraspecific variability 

Observations were carried out on P. megakarya 
cultures. Graphic representation in the FAC 1 x 3 
plane (33% of total variation, Fig. 2, part A) 
involves plotting of the 131 individuals studied 
(= strains): two main groups stand out, either 
because of rapid, more homogeneous development 
(group I), or because of slow, more heterogeneous 
development (group II). 

Axis 2 explains light inhibition: in both groups at 
the same time there are inhibited strains (lower half 
plane), but they are more numerous in group I. The 
dendrogram obtained with the factorial coordinates 
of the FAC (Fig. 2, part B) are used to provide strain 
proportions (expressed as a percentage) within the 
sub-groups of each main group. 

Results with electrophoretic 
patterns (EP) 

Diagrammatic representation of the electrophoretic 
banding patterns obtained with PGI and MOH 
reveal a clear distinction between the 17 Phyto
phthora analyzed (Fig. 3) : 

• with PGI only, P. palmivora (of cocoa) and P. 
megasperma give heterozygous banding patterns, 
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VII I CP 

I 

VI I 

• in most cases, MDH are 
polymorphic and this system 
can be used to distinguish 
between P. hevea and P. kat
sura= (similar in the PGI 
system). However, MDH, 
which are similar for P. pal
mivora and P. arecae, reveal 
a close genetic link between 
these two species (whereas 
the PGI banding patterns are 
distinct). 

...--

co 
cc 
CY 

The dendrogram (Fig. 4) based 
on the existence/ absence of 
bands for 4 systems introduced 
together (PGI, MDH, DIA, ICD) 
reveals the varying genetic 

y 

1 

-

.9 .8 

distances between a few Phytophthora species. 

To conclude, using morphocultural characters does 
not seem to reveal specific typologies. On the other 
hand, this method can be used to confirm the 
existence of intraspecific variability, specify its 
extent and reveal its characteristics. 
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TT 
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.o 

Figure 4. Dendrogram obtained by increasing 
hierarchical classification (IHC) on 
PG/+ MOH+ DIA + /CD banding patterns 

For its part, isoenzymatic analysis seems to rapidly 
provide access to both species identification and an 
evaluation of genetic similarity or distance rates. 
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Identification of Phytophthora isolates pathogenic to 
coconut and closely related species by isozyme 

analysis through starch gel electrophoresis 

E.C. CONCIBIDO-MANOHAR 
Philippine Coconut Authority Davao Research Center. P.O. Box 295. Bago Oshiro. Davao City. Philippines. 

G. BLAHA 
CIRAD-CP. Laboratoire de Phytopathologie. B.P. 5035. 34032 Montpellier Cedex 1. France. 

Introduction 

Bud rot, an apical meristem decay, and nutfall 
are two destructive diseases of coconut which are 
known to be caused by Phytophthora (Reinking, 
1923). Recently, epidemics were reported in Cote
d' lvoire (Quillec et al., 1984), in Indonesia (Bennet 
et al. , 1985) and in the Philippines (Concibido, 
1990). Losses in yield and death of affected palms 
(in the case of bud rot) posed a serious threat to the 
coconut industry of these countries. Several workers 
reported that Phytophthora palmivora (Butler) Butler 
is the causal pathogen of both diseases in the 
Philippines (Reinking, 1923) and in Indonesia 
(Bennet et al., 1985). In Cote-d'Ivoire it was reported 
to be Phytophthora hevea (Quillec et al., 1984) and 
Phytophthora palmivora and Phytophthora katsurce 
in Jamaica (Steer & Coates-Beckford, 1990). 

The taxonomic complication is due to the lack of 
definitive basis of species characterization in the 
identification of Phytophthora pathogenic to 
coconut. Thus, a more diagnostic approach to 
complement morphological characterization is 
necessary to elucidate the specificity and 
relationships among isolates. Brasier (1983) pointed 
out that because of the limited taxonomic mor
phological characters and the possible existence of 
species morphologically similar, but physiologically 
different within the genus Phytophthora, the use of 

biochemical techniques is necessary for a more 
comprehensive taxonomic classification . 

lsozyme analysis was proven to be useful in 
identification up to the species level based on 
biochemical staining of specific enzymes separated 
by electrophoresis in a suitable running mould like 
starch or acrylamide gels (Micales et al., 1985). This 
was also used to clarify taxonomic relationships 
between fungi and some promising studies have also 
been conducted (Old et al., 1984; Bonde et al., 
1984; Bosland and Williams, 1987; Stasz et al., 
1989). 

Moreover, isozyme banding patterns are considered 
less complex, easy to differentiate and interpret 
(Nygaard et al., 1989). Likewise, it was proven by 
several workers to be useful in Phytophthora 
systematics among species which are widely 
distributed. Diversity within species and genetic 
distance between species can be quantified by 
comparing electrophoretic patterns of specific 
proteins under standard conditions. 

Thus, the study aims to: a) screen enzymes and 
appropriate buffer systems that wi 11 provide 
consistent and distinct electrophoretic banding 
patterns and characterize isolates based on the 
electrophoretic types (ETs) of each isolate, and, b) 
establish a definite criteria on the taxonomic 
classification of the isolates pathogenic to coconut 
based on the biochemical and morphological 
characters. 
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Materials and methods 

Isolate preparation 

Isolates collected from Indonesia, Cote-d'Ivoire and 
Philippines are presented in Table 1 with corres
ponding designation, geographical localization, host 
or plant part source and PGI ETs code. All of these 
were maintained in the dark at 25°C on V8 agar 
medium (200 ml of V8 juice, 2,5 g of CaC03, 15 g 
of agar and 800 ml of distilled water). 

Table 1. List of Isolate Surveys 

Isolate Origin 

Indonesia 
90 P01 Tiniawangko/Minahasa 
90 P02 Langangon/Sulawesi 
90 P03 * Aceh/Sumatera 
90 P04 Kolongan/Minahasa 
90 POS * Mapanget/Minahasa 
90 P06 Tiniawangko/Minahasa 
90 P07 Aceh/Sumatera 
90 P08 * * Tinoor/Minahasa 
90 P09 Pulukan/Bali 
90 P10 * Sumatera 
90 P11 Sumatera 
90 P12 Utara/Sulawesi 
90 P13 Sumatera 
90 P14 Utara/Sulawesi 
90 P15 Tetey/Minahasa 
90 P16 Mapanget/Minahasa 
90 P17 Mapanget/Minahasa 
90 P18 Tatelu/Minahasa 
90 P19 ** Pinilih/Minahasa 
90 P20 Pinilih/Minahasa 
90 P21 Wasian/Mi nahasa 
90 P22 ** Wasian/Mi nahasa 
90 P23 ** Wasian/Minahasa 
90 P24 Tiniawangko/Minahasa 
90 P25 Tetey/Minahasa 
90 P26 Mapanget/Minahasa 
90 P27 Laikit/Minahasa 
90 P28 Laikit/Minahasa 
90 P29 Lai kit/Mi nahasa 
91 P01 Tetey/Minahasa 
91 P02 Koka/Minahasa 
91 P03 Tetey/Mi nahasa 
91 P04 Tetey/Minahasa 
91 POS Mapanget/Minahasa 
91 P06 Sabang/Sulawesi 
91 P07 Sabang/Su lawesi 
91 P08 Sabang/Sulawesi 
91 P09 Sulawesi 
91 P10 Tompe/Su lawesi 
91 P11 Ampana Kota/Sulawesi 
91 P12 Ampana Kota/Sulawesi 

Specific protein extraction 

Mycelial plugs from actively growing colonies were 
inoculated on V8 agar medium in small petri dish 
with cellophane overlay and grown for seven days 
in the dark at 25°C. The mycelial mats of the fungus 
were collected and transferred into sterilized 
Eppendorf tubes with 1 ml of cold citrate buffer (pH 
7.0) for every gram of the weight of the mycelium. 
Likewise, Triton X-100 at 1/10 of the volume of the 
buffer and carbon tetrachloride at 1/4 of the total 
volume were added to each sample. The samples 
were sonicated for 30 seconds at 4°C to break the 

Host/Source 

nut/NYD 
soil 
soil 
cocoa/pod 
nut/TTD 
nut/NYD 
soil 
bulb orchid 
nut/PB 121 
coconut/bud 
nut 
nut 
coconut/bud/WA T 
coconut/flower 
nut on soil/PB 121 
nut/NYD 
nut/BYD 
nut/PB 121 
nut on soil/PB 121 
nut on soil/ PB 121 
nut on soil/PB 121 
nut on soil/PB 121 
nut on soil.PB/121 
nut on soil/NYD 
nut/PB 121 
nut/RBD 
nut/RBD 
nut/PB 121 
nut/PB 121 
nut on soil/PB 121 
coconut/bud/PB 121 
nut/PB 121 
coconut/bud/PB 121 
nut/MRD 
coconut/bud 
nut 
nut 
coconut/bud 
nut 
nut on soil 
nut 

PGI ETS 

2 
1 

2 
3 

4 

3 
3 
3 
2 
2 
2 
2 
2 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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Isolate Origin Host/Source PGI ETS 

91 Pl 3 Ampana Kota/Sulawesi coconut/bud 1 
91 Pl4 Ampana Kota/Sulawesi nut 1 
91 PlS Ampana Kota/Sulawesi coconut/bud 1 
91 Pl6 Tagolu/Sulawesi bud/nut on soil 2 
91 Pl 7 Tagolu/Sulawesi bud nut/cut 2 
91 P18 Sabang/Sulawesi soi I/diseased 2 
91 Pl 9 * * Sabang/Sulawesi soi I/diseased 
91 P20 Sabang/Sulawesi soi I/healthy 2 
91 P21 Tompe/Sulawesi soi I/diseased 2 
91 P22 Tompe/Sulawesi soi I/diseased 2 
91 P23 * * Tompe/Sulawesi soi I/healthy 
91 P24 Tompe/Sulawesi soi I/healthy 2 
91 P25 Ampana Kota/Sulawesi soi I/healthy 4 
91 P26 Tagolu/Sulawesi soi I/diseased 1 
91 P27 Tagolu/Sulawesi soi I/diseased 4 
91 P28 Tagolu/Sulawesi soil/diseased 2 
91 P29 Ujung Bulu/Sulawesi soil/healthy 2 
91 P30 Kajang/Sulawesi soil/diseased 1 
91 P31 Tellussiatinga/Sulawesi soil/healthy 1 
91 P32 * * Pammana/Sulawesi soil/healthy 
91 P33 Sid rap/Su lawesi soil/healthy 2 
91 P34 * Polewall/Sulawesi soil/diseased 
91 P35 * * Sulawesi soil/diseased 
91 P36 Tabona/Sulawesi soil/diseased 2 
91 P37 * Tabona/Sulawesi soi I/healthy 

Cote-d'Ivoire 

Civo 01 * Dabou nut -
Civo 02 Dabou nut 5 
A 19391 Dabou nut 5 
B 19391 Dabou nut 5 
c 19391 Dabou nut 5 
D 19391 Dabou nut 5 
10 289 Port Boue nut 5 
91 001 Samo nut 5 
91 002 Port Boue nut 5 
91 003 Port Boue nut 5 
91 004 Port Boue nut 5 
91 DOS Port Boue nut 5 
91 006 Port Boue nut 5 
91 007 Port Boue nut 5 
91 008 Port Boue nut 5 

Philippines 

91 DRC 02 Davao/Mindanao nut/PB 121 3 
91 DRC 03 Davao/Mindanao nut/PB 121 3 
91 DRC 04 Davao/Mindanao nut/PB 121 3 
91 DRC 05 Davao/Mindanao coconut/bud/LAG 3 
91 DRC 06 * * Davao/Mindanao coconut/bud/PB 121 
91 DRC 08 Davao/Mindanao nut/PB 121 3 
91 DRC 09 * * Davao/Mindanao nut/PB 121 
91 DRC 10 Davao/Mindanao nut/PB 121 3 
91 DRC 11 Davao/Mindanao nut/JVA 1 3 
91 DRC 12 Davao/Mindanao cocoa/pod 3 
91 DRC 13 * * Davao/Mindanao coconut/bud/JV A 1 
91 DRC 14 Camiquin/Mindanao coconut/bud/LAG 3 
91 DRC 15 Cagayan/Mindanao nut/MYD x RIT 3 
91 DRC 16 Cagayan/Mindanao nut/PB 121 3 
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Isolate 

91 DRC 19 
91 DRC 20 

Reference 
Strain 

517 
P. Palmivora 
PJTR 
P. Palmivora 
IMl325913 
P. Katsurae 
008 P. arecae 

Origin 

Davao/Mindanao 
Cotabato/M i ndanao 

Ghana/Africa 

Surabaya/Indonesia 

Hawai 

Ci rad/F ranee 

(*) not Phytophthora 
(* *) no recorded Codes of PGI ETs are indicated in Figure 1 

Table 2. Enzyme and Buffer Systems 

Enzyme Code Buffer 

Oxydoreductases 
Diaphorase DIA TME 
G I ucose-6-phosphate 
dehydrogenase G6PDH TCB 
lsocitric dehydogenase IDH TCB 
Malate dehydrogenase MDH TCB 
Malic enzyme ME TCB 
Phosphogl uconate 
dehydrogenase PGD TME 
Su peroxide dismutase SDO LIOH 

Lyase 
Fumarase FUM TCB 

T ransferases 
F ructose-ki nase FK H6 
Hexokinase HK H6 
Phosphogl ucomutase PGM TME 

Isom erases 
Mannose-6-phosphate 
isomerase MPI H6 
Phosphoglucose isomerase PGI H6 

Hydro lases 
Alkaline phosphatase AKP TME 
a et B Esterases EST LIOH 
B-Glucosidase GLU LIOH 

TC8 is Tris citrate pH 8.0; H6 is Histidine pH 6.0; TME is Tris 
Maleate pH 7.4 and LiOH is Lithium Borate pH 8.0 ( BLAHA, 
1987 and 1990) 

cell walls, then centrifuged for 15 minutes at 
10,000 g at 4°C. Supernatants were collected into 
sterile Eppendorf tubes and stored in ultralow 
freezer. 

Host/Source 

coconut/bud/PB 121 
nut/PB 121 

cocoa/pod 

cocoa/pod 

coconut/nut 

coca/progeny 

Gel electrophoresis 

PGI ETS 

3 
3 

5 

3 

Starch gels were prepared in appropriate buffer 
systems (Table 2). The suspension of electrophoresis 
starch (12%) was brought to boiling with continuous 
agitation for eight minutes and degassed for 30 
seconds and poured rapidly into the gel tray and 
allowed to cool overnight. 

Whatman n°3 of filter paper wicks (1 cm x 0.5 cm) 
were used to apply the protein extract, blotted on a 
filter paper and inserted into the wells made 
approximately 4 cm from the cathodal part of the 
gel. The wells were stained with bromophenol blue 
as dye marker to monitor the migration distance. 
The electrophoresis run was terminated when the 
bromophenol blue band reached 9 cm from the start 
line. After the run, the gel was immediately cut into 
4 slices, 1,5 mm thick, with a gel slicer and laid in 
cold trays for staining (Table 3) 

Results 

Initial trials dealt with the assessment of 
common buffer and enzyme systems previously tried 
on Phytophthora isolates of cocoa, Theobroma 
cacao (BLAHA, 1987 and 1990) were also used on 
isolates from coconut collected from Indonesia and 
Cote-d'Ivoire . Strain n° 517, a Phytophthora 
palmivora (sensu stricto) from Ghana, was used as 
reference in the comparative analysis of the banding 
patterns for taxonomic classification of the isolates 
under study. 

The first batches of the isolates from Indonesia and 
Cote-d ' Ivoire were tried on the common buffer 
systems. Table 4 shows the results of these initial 
trials conducted with the common buffer and 
enzyme systems. 
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Table 3. Enzyme Staining Recipes 

Substrate 
(mg/1 Oml buffer) 

Linking 
Enzyme (units) 

Cofractor Dye (ml, 1 %) Catalyst (ml, 1 %) Enzyme 
Code 
(Tris-HCI 
code buffer) (ml, 0,5 M) (ml, 1 %) 

DIA 
(A) 

G6PDH 
(C) 

IDH 
(B) 

MDH 
(D) 

ME 
(C) 

PGD 
(B) 

PGI 
(D) 

MPI 
(C) 

HK 
(C) 

NADH 
(5.00) 

DCIP (1.00) 

Glucose-6 
phosphate 

(20.00) 

lsocitric 
acid (5.60) 

Malic acid 
2M, pH 7.0 

(1.50) 

Malic acid 
2M, pH 7.0 

(2.00) 

Phosphoglu
conic acid 

(4.00) 

Fructose 6-
phosphate 

(3.80) 

Mannose-6-
phosphate 

Glucose 
(500.00) 

G6PDH 
(2) 

G6PDH 
(17) 
PGI 
(10) 

G6PDH 
(5) 

*Tris-HCI buffers (A) 0.025M, pH 8.5; (B) 0. 1 M, pH 8.0; 
(C) 0.2M, pH 8.0; (D) 0.5M, pH 8.5 

NADP (B-nicotinamide adenine dinucleotide phosphate) 
NAD (B-nicotinamide adenine dinucleotide) 
MTT (3-4,5-dimethylthiazol-2-yl§-2,5 diphenyltetrazolium 

bromide) 

MgCl2 
(4.00) 

MgCl2 
(l .30) 

MgCl2 
(1 .20) 

MgCl2 
(0.80) 

MgCl2 
(0.20) 

MgCl2 
(l .00) 

With the sixteen enzyme stains tried in the study, 
eight enzyme systems produced clear banding 
patterns with corresponding buffer systems (see 
appendices for banding patterns). 

With Tris citrate (TC8), good isozyme banding 
patterns were obtained using malate dehydrogenase 
(MOH), malico enzyme (ME) and isocitrate de
hydrogenase (IDH) enzyme systems. 

NADP 
(0.40) 

NADP 
(0.50) 

NAD 
(0.60) 

NADP 
(0.20) 

NADP 
(0.20) 

NAD 
(0.40) 
NADP 
(0.20) 

NAD 
(0.80) 
NADP 
(0,40) 

NAD 
(0.40) 
NADP 
(0.20) 

NBT (Nitro blue tetrazolium) 
DCIP (Dichloroindolphenol) 

MTI 
(0.25) 

NBT 
(0.20) 
MTI 

(0.20) 

NBT 
(0.12) 

NBT 
(0.28) 
MTI 

(0.28) 

NBT 
(0.40) 
MTI 

(0.40) 

MTI 
(0.12) 

NBT 
(0.40) 

MTI 
(0.10) 

MTI 
(0.30) 

PMS (Phenazine methane sulphonate) 

PMS 
0.60 

PMS 
(0.02) 

PMS 
(0.14) 

PMS 
(0.20) 

PMS 
(0.02) 

PMS 
(0.20) 

PMS 
(0.10) 

PMS 
(0.06) 

NADH (reduced form of B-nicotinamide adenine dinucleotide) 

In histidine (H6), initial trials with glucose phosphate 
isomerase (PGI) enzyme system which have been 
resolved clear and consistent banding patterns was 
used in the specific identification of the 
Phytophthora isolates under study. 

With Tris maleate (TME), diaphorase (DIA) and 
phosphoglucomutase (PGM) resolved clear enzyme 
activity, but not consistently. For Tris maleate (TME) 
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Table 4. Results of initial evaluation of various buffer and enzyme systems tried on Phytophthora of coconut 

Buffer system Enzyme System (Resolution/Activity) 

TC8 

H6 
TME 
LIOH 
Ac.cit./ 
Morpholine 
Tris Borate 
TC 6.7 

pH 8.0 

pH 6.0 
pH 7.4 
pH 8.3 
pH 6.1 

pH 8.7 
pH 6.7 

IDH (+++) 
G6PDH (++) 
HK(++) 
AKP (+++) 
a.EST(+++) 
MOH(+++) 

GR(-) 
ACP (++) 

+++ 
++ 

= distinct and strong bands 
= clear bands 

pH 7.6, the four staining systems gave encouraging 
results, particularly alkaline phosphatase (AKP) and 
phosphoglucomutase (PGM). It was also noted that 
even without the gelose on PGM, resolution of 
banding pattern was distinct compared with 
isocitrate dehydrogenase (IDH) and DIA staining 
systems. However, results were inconsistent in some 
trials made during the conduct of the study. 

With lithium borate (LiOH), differences in enzyme 
activity were noted using two different media. More 
bands were resolved in isolates grown in V8 agar 
compared with the isolates in synthetic medium 
using the a and B esterases (EST) staining systems. 
Likewise, in glucosidase (GLU), clear bands were 
produced with the isolates grown in synthetic 
media, but not in V8 agar. However, with MOH, 
DIA and PGI, consistent banding patterns were 
resolved regardless of the kind of media used. 

Finally, four good enzyme systems were used in the 
phenotypic grouping or classification which was 
based on the electrophoretic types of the isolates. 
These were: 

(1) histidine (H6), PGI 

(2) Tris maleate (TME 7.4), DIA 

(3) Tris citrate (TC8), MOH 

(4) lithium borate (LiOH 8.3), a and B esterases 

For all surveys, only 5/97 isolates were found not 
Phytophthora, and , 12/97 not available ("not 
recorded'?. 

From the results obtained with the PGI staining 
system, five groups were classified based on the 
number and level of PGI bands among the eighty 
Phytophthora isolates (80/97) from both Indonesia 
(53/66), Cote-d'Ivoire (14/15) and the Philippines 
(13/16) (Fig. 1 ): 

•first group, 9/80 isolates had three bands similar 
with that of the reference strain n° 517 which is 
Phytophthora palmivora sensu stricto from Ghana 

MOH(+++) 
ACP (++) 
PGI (+++) 
PGM (+++) 
BEST(+++) 
PGI (+++) 

ME(+++) 
ACO (-) 
FK (-) 
DIA(++) 
SOD(++) 
ME(++) 

FUM(-) 
IDH (-) 
G6PDH (-) 
IDH (-) 
GOH(-) 
LOH(-) 

LAP(-) 
FUM (-) 

LOH(-) 
LAP(-) 

GOH(-) 
LOH (-) 

+ 
(-) 

=faint bands, not interpretable 
=no band 

or Indonesian isolates from cocoa pods (PJTR and 
90P04) 

• second group, 36/80 isolates had three bands but 
of different levels which can considered to be 
apparently within the "palmivora types"; 

•third group, 17/80 isolates had one band as Phy
tophthora arecae, this arecae group was ap
peared typical of the Indonesian (4/53) and phi
lippinous (13/13) isolates. Some literature 
mentioned this species to be related to P. palmi
vora based on morphological grounds which was 
known to be a pathogen of the arecanut palm 
(Areca catechu) and PGI isozyme pattern is the 
same as strain n° 008 from P. palmivora pro
geny; 

• fourth group, 3/80 isolates with one intermediate 
PGI band were identified to be P. parasitica 

-PGI - -

-MDHt CJ 

------MDH Z 

Phytophthora palmivora 
sensu strico 

reference strain 
n° 517 

<±> 

- 1 - -- - -- -
(1) (2) (3) (4) (5) 

- - -- -
"palmivora types" parasitica katsurae 

Figure 1. The four groups through PG/ identification 
of Phytophthora isolates from coconut 

90 Coconut Phytophthora Workshop - Manado, Indonesia, 26-30 October 1992 



which is considered by some workers to have a 
close semblance with P. nicotianae from tobacco 
seedlings. This parasitica group was appeared 
typical of the indonesian isolates (3/53); 

• fifth group, 13/80 isolates with one faster PGI 
band were identified to be Phytophthora katsuri€ 
(as strain IMI 325913). It is interesting to note that 
isolates found to be katsuri€ group were only 
typical among Cote-d'Ivoire isolates (14/14) and 
not found among isolates collected from Indo
nesia and the Phillipines. 

Identification based on the results of the PGI ETs was 
compared with the MOH system which resolved 
only the different mobilities of the isozymes based 
on the levels of the bands. The "palmivora types" 
was of the same MOH level with the reference 
isolate. Phytophthora katsura= has faster MOH 
enzyme mobility and Phytophthora parasitica has 
slower MOH enzyme mobility. 

Discussion 

Good banding patterns were resolved by the 
stains and distinct differentiation of bands were 
obtained: based on the initial trials, MOH, ME, DIA 
and PGI conducted in combination with TC8, TME 
7.4 and Histidine 6 as buffer systems are potential 
enzyme systems which can be used in biochemical 
characterization on isolates of Phytophthora species 
infecting coconuts: P. palmivora, P. arecae, P. 
parasitica et P. katsur<E. With LiOH, the esterases 
gave consistent and more clear bands of isolates 
grown on VB agar medium. 

The technique based on the output of the study is 
necessary in comprehensive fungal taxonomy. It 
will serve as a reliable standard procedure in 
taxonomic characterization of Phytophthora 
isolates to complement morphological descriptions 
particularly among those pathogenic to coconut of 
which taxonomic classification is barely consistent. 
Furthermore, with this isozyme analysis diversity 
and specific relatedness can be determined 
particularly among isolates of which morphological 
distinctions are difficult to identify. Figure 2 shows 
the dendogram of the phenotypic grouping among 
isolates based on cluster analysis program using a 
distant matrix data. lnterspecific differences and 
relationships among isolates from coconut and 
other related crops (i.e. Theobroma cacao) were 
demonstrated. With isozyme analysis, the dis
tribution of the pathogen among coconut regions 
which is important in the germplasm exchange 
locally and internationally may be determined. This 

technique will also be very useful in the choice of 
genetic materials sources for breeding programs 
and the eventual seed garden establishment which 
is at present a big project in the Philippines. Finally, 
biochemical analysis will be relevant to Phyto
phthora disease management not only for coconut, 
but also in coconut-based farming systems due to 
the pathogen's very wide host range (i .e. Colocosia 
esculentum, Carica papaya, Citrus spp., Theobroma 
cacao, Durio zibenthinos and Nephelium 
lappaceum). Through isozyme analysis, a better 
understanding of the relationships or affinities of 
Phytophthora species or groups can be understood 
which will be very essential in the formulation of 
appropriate or integrated disease management 
approaches. 

Recommendations 

More trials are necessary to: a) establish the 
optimum condition for good resolution and consistent 
banding patterns for other enzyme systems, and b) 
develop a rapid and reliable diagnostic method of 
taxonomic identification specific for Phytophthora spp. 
through isozyme analysis. This biochemical technique 
will complement the morphological characterization 
which can be considered more reliable and systematic 
in fungal taxonomy. Comparative studies of isolates 
within the genus Phytophthora can be made on the 
basis of morphological and biochemical properties to 
clarify taxonomic classification. 
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Rapid specific identification of coconut and 
cocoa Phytophthora strains through PGI and 

MDH isoenzymatic banding patterns 

c. ORTIZ GARCIA, G. BLAHA 
CIRAD-CP. Laboratoire de Phytopathologie. B.P. 5035. 34032 Montpellier CEDEX 1. France. 

Introduction 

This study concerns the identification of 
Phytophthora isolates surveyed in coconut and 
cocoa plantations at the end of 1991 and in 1992 in 
Indonesia, the Philippines and Cote-d'Ivoire. It is 
one essential part of the Phytophthora Coconut 
Project (EEC/STD2), including the determination of 
the species involved in the coconut diseases, nutfall 
and bud rot, and other diseases of cultures 
associated with coconut as black pod disease on 
cacao. 

Methodology 

Table 1 lists all the isolates used, showing their 
hosts (coconut varieties or cocoa), sampling sources 
(soil, rainfall, vegetal organ, sanitation state of 
plantation) and geographical origins. 

Among all isolates analyzed, 179 new isolates that 
were identify, were (Part 1 ): 162 isolates from Indone
sia, 44 and 118 isolates in 1991 and in 1992 respect
ively collected by Balitka (Isolates: from n° 91 P38 to 
n° 92P146), 11 isolates from the Philippines, 
collected by DRC and 1 isolate from Cote-d'Ivoire, 
collected by ENSA. These isolates were grouped with 
coconut isolates from a Brasier survey in Cote-

d'Ivoire in 1985 (2 isolates with IMI code Nos. 
353701 and 353702) and from a Coffey survey in 
Indonesia in 1988 (3 isolates with IMI code Nos. 
329710, 329711 and 329714). All the isolates and 
strains references were maintained in culture on V8. 

We mainly employed the isozyme patterns of PGI 
(phosphogluco isomerase) and MDH (malate 
dehydrogenase) using the starch gel electrophoresis 
methods, as for anterior works on Phytophthora of 
cocoa (Blaha, 1990; Ortiz-Garcia et al., 1991 ), to 
identify the 179 new isolates. 

Sample preparation and technique of horizontal 
starch gel electrophoresis of soluble proteins were 
employed following procedures applied on coconut 
isolates in another paper of this workshop (Concibido 
and Blaha, 1992) with some improvements by 
increasing the number of reference strains to P. 
palmivora (IMI 74805, IMI 202544), P. arecae (IMI 
348386, IMI 348387), P. nicotianae var. parasitica 
(IMI 335183, IMI 335188), P. katsurae (IMI 325913, 
IMI 325914) and P. heveae (IMI 147352, IMI 131372) 
from the International Mycological Institute (IMI). 

All data (Part 2), isozyme banding patterns, coconut 
varieties, sampling sources and geographical origins 
of isolates of all surveys (1990-1991-1992) were 
analyzed by factorial analysis of correspondence 
(FAC) to evaluate the grouping or the divergence: 
PGI and MDH bands were taken as active modes 
and all other data as additional modes. 
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CODE 

NUMBER 

ORIGIN 

Indonesia (Balitka collection 1990-1992) 

90P01 N.SLW 

90P02 

90P03 

90P04 

90POS 

90P06 

90P07 

90P08 

90P09 

90P10 

90P11 

90P12 

90P13 

90P14 

90P15 

90P16 

90P17 

90P18 

90P19 

90P20 

90P21 

90P22 

90P23 

90P24 

90P25 

90P26 

90P27 

90P28 

90P29 

91P01 

91P02 

91P03 

91P04 

91POS 

91P06 

91P07 

91P08 

91P09 

91P10 

91P11 

91P12 

91P13 

91P14 

91P15 

91P16 

91P1 7 

91P18 

91P19 

N.SLW 

N.SUM 

N.SLW 

N.SLW 

N.SLW 

N.SUM 

N.SLW 

E.J 
N.SUM 

N.SUM 

S.SLW 

S.SUM 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

S.SUM 

SOURCE 

SAMPLING 

Nut 

Soil 

soil 

Black pod 

Nut 

Nut 

Soil 

bulb 

Nut 

Bud rot 

Nut 

Nut 

Bud rot 

Flower 

Nut on soil 

Nut 

Nut 

Nut 

Nut on soil 

Nut on soil 

Nut on soil 

Nut on soil 

Nut on soil 

Nut on soil 

Nut 

Nut 

Nut 

Nut 

Nut on soil 

Nut on soil 

Bud rot 

Nut 

Bud rot 

Nut 

Bud rot 

Nut 

Nut 

Bud rot 

Nut 

Nut on soil 

Nut 

Bud rot 

Nut 

Bud rot 

Nut on soil(+) 

Nut cut(+) 

Soil+ 

Soil+ 

HOST 

NYD 

cacao 

no 
NYD 

orchid 

PB 121 

WAT 

coconut 

PB 121 

NYD 

BYD 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

NYD 

PB 121 

RBD 

RBD 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

MRD 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PATTERN 

PGI MDH 

BC 
AB 

AB 

BC 
BB 

Ppn 

BB 
BB 
BB 

BC 
BC 
BC 
BC 
BC 

BC 
BC 

BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
AB 
AB 
AB 
AB 
AB 
BC 
BC 
BC 

pal 

pal 

pal 

pal 

pal 

Ppn 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

SPECIES 

/TYPE 

P. palmivora co 

P. palmivora ea 

NP 

P. palmivora ea 

NP 

P. palmivora co 

P. arecae 

NR 

P. n. parasitica 

NP 

P. arecae 

P. arecae 

P. arecae 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

P. palmivora co 

NR 

NR 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora ea 

P. palmivora ea 

P. palmivora ea 

P. palmivora ea 

P. palmivora ea 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 
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CODE 

NUMBER 

91P20 

91P21 

91P22 

91P23 

91P24 

91P25 

91P26 

91P27 

91P28 

91P29 

91P30 

91 P31 

91P32 

91P33 

91P34 

91P35 

91P36 

91P37 

91P38 

91P39 

91P40 

91P41 

91P42 

91P43 

91P44 

91P45 

91P46 

91P47 

91P48 

91P49 

91PSO 

91P51 

91P52 

91P53 

91P54 

91PSS 

91P56 

91P57 

91P58 

91P59 

91P60 

91P61 

91P62 

91P63 

91P64 

91P65 

91P66 

91P67 

91P68 

ORIGIN 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

C.SLW 

S.SLW 

S.SLW 

S.SLW 

S.SLW 

S.SLW 

S.SLW 

S.SUM 

S.SLW 

S.SLW 

W.J 
W.J 
N.SUM 

N.SUM 

N.SUM 

N.SUM 

N.SUM 

N.SUM 

N.SUM 

N.SUM 

N.SUM 

N.SUM 

N.SUM 

W.J 
S.SUM 

N.SLW 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

MLK 

SOURCE 

SAMPLING 

Soil 

Soil+ 

Soil+ 

Soil 

Soil 

Soil 

Soil+ 

Soil+ 

Soil+ 

soil 

Soil+ 

Soil 

Soil 

Soil 

Soil+ 

Soil+ 

Soil+ 

Soil 

Soil(+) 

Soil(+) 

Bud rot 

Bud rot 

Bud rot 

Nut in soil 

Nut in soil 

Black pod 

Soil 

Soil(+) 

Soil 

Soil 

Nut fall 

Soil(+) 

Soil 

Nut fall 

Soil(+) 

Bud rot 

Soil(+) 

Soil 

Nut in soil 

Soil£ 

Soil 

Soil 

Soil(+) 

Soil 

Soil(+) 

Soil 

Soil(+) 

Soil 

Soil(+) 

HOST 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

PB 121 

coconut 

coconut 

coconut 

coconut 

coconut 

coconut 

coconut 

coconut 

coconut 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

cacao 

Niwa/cacao 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

BYD 

Niwa 

Niwa 

Niwa 

NYD 

Niwa 

Niwa 

Niwa 

PB 121 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

PATTERN 

PGI MOH 

BC pal 

BC pal 

BC pal 

BC 

Ppn 

AB 
Ppn 

BC 

BC 

AB 
AB 

BC 

BC 

BC 

AB 
BB 

BB 

BC 

BB 
BB 

AB 
BB 

BC 

Pnp 

BB 

BC 

AB 
BC 

BB 

BC 

BC 

BC 

BC 

BC 

BC 

BC 

BC 

BC 

AB 
AB 
BC 

BC 

pal 

Ppn 

pal 

Ppn 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

Pnp 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 
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SPECIES 

/TYPE 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

P. n. parasitica 

P. palmivora ea 

P. n. parasitica 

P. palmivora co 

P. palmivora co 

P. palmivora ea 

P. palmivora ea 

NR 

P. palmivora co 

NP 

NR 

P. palmivora co 

NP 

P. palmivora co 

P. palmivora ea 

P. arecae 

P. arecae 

P. palmivora co 

P. arecae 

P. arecae 

P. palmivora ea 

P. arecae 

P. palmivora co 

P. n. parasitica 

NP 

P. arecae 

P. palmivora co 

P. palmivora ea 

P. palmivora co 

P. arecae 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NP 

P. palmivora co 

P. palmivora co 

P. palmivora ea 

P. palmivora ea 

P. palmivora co 

P. palmivora co 
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CODE 

NUMBER 

91P69 

91P70 

91P71 

91P72 

91P73 

91P74 

91P75 

91P76 

91P77 

91P78 

91P79 

91P80 

91P81 

91P82 

91P83 

92P01 

92P02 

92P03 

92P04 

92POS 

92P06 

92P07 

92P08 

92P09 

92P10 

92Pll 

92Pl2 

92P13 

92P14 

92Pl5 

92P16 

92P17 

92P18 

92P19 

92P20 

92P21 

92P22 

92P23 

92P24 

92P25 

92P26 

92P27 

92P28 

92P29 

92P30 

92P31 

92P32 

92P33 

92P34 

ORIGIN 

MLK 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SUM 

N.SUM 

N.SUM 

N.SLW 

N.SLW 

N.SUM 

N.SLW 

N.SLW 

N.SUM 

N.SUM 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

SOURCE 

SAMPLING 

soil 

Soil(+) 

Soil(+) 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Nut fall 

Nut fall 

Nut fall 

Nut fall 

Nut fall 

Nut fall 

Black pod 

Nut fall 

Soil 

Soil 

Soil 

Soil 

Soil 

Nut in soil 

Soil 

Nut fall 

Black pod 

Black pod 

Black pod 

Black pod 

Black pod 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

HOST 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

Local tall 

Niwa 

Niwa 

Niwa 

cacao 

Niwa 

Niwa 

Niwa 

Niwa 

WAT 

NYD 

Niwa 

Niwa 

cacao 

Niwa 

cacao 

cacao 

cacao 

cacao 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

PATTERN 

PGI MDH 

BC pal 

BB pal 

BC pal 

BC pal 

BB pal 

AB pal 

BC pal 

AB pal 

BC pal 

AB pal 

BC pal 

BB pal 

BB pal 

BB pal 

BC pal 

BC pal 

BB pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

BC pal 

SPECIES 

/TYPE 

P. palmivora co 

NR 

P. arecae 

P. palmivora co 

P. palmivora co 

P. arecae 

NP 
P. palmivora ea 

NR 

NR 

NR 

P. palmivora co 

P. palmivora ea 

NR 

P. palmivora co 

P. palmivora ea 

P. palmivora co 

P. arecae 

P. arecae 

P. arecae 

P. palmivora co 

P. palmivora co 

P. arecae 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NP 
P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

NR 

NP 
P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 
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CODE 
NUMBER 

92P35 

92P36 

92P37 

92P38 

92P39 

92P40 

92P41 

92P42 

92P43 

92P44 

92P45 

92P46 

92P47 

92P48 

92P49 

92PSO 

92P51 

92P52 

92P53 

92P54 

92PSS 

92P56 

92P57 

92P58 

92P59 

92P60 

92P61 

92P62 

92P63 

92P64 

92P65 

92P66 

92P67 

92P68 

92P69 

92P70 

92P71 

92P72 

92P73 

92P74 

92P75 

92P76 

92P77 

92P78 

92P79 

92P80 

92P81 

92P82 

92P83 

ORIGIN 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

W.J 
W.J 

W.J 
W.J 
N.SLW 

W.J 
W.J 

W.J 
W.J 
N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

SOURCE 
SAMPLING 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Soil 

Soil 

Bud rot 

Soil 

Nut fall 

Bud rot 

Nut on soil 

Soil 

Soil 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Rainfall 

Soil 

Soil 

Rainfall 

Soil 

Soil 

Rainfall 

Soil 

Soil 

Soil 

Rainfall 

Soil 

Soil 

Soil 

Soil 

Soil 

Rainfall 

Soil 

HOST 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

Colection 

Niwa 

Niwa 

NYD 

Niwa 

Niwa 

Niwa 

Niwa 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

NYD 

Niwa 

Niwa 

NYD 

Niwa 

NYD 

Niwa 

Niwa 

NYD 

Niwa 

Niwa 

NYD 

Niwa 

Niwa 

Niwa 

NYD 

Niwa 

Niwa 

Niwa 

Niwa 

Niwa 

NYD 

Niwa 

PATIERN 
PGI MOH 

BC 

BC 

BC 

BC 

BC 
BC 
BB 
BC 

BC 

BB 

BC 
BC 
BB 

BC 
BC 
BC 

BC 

BC 

BC 

BC 

BC 
BC 
BC 
BC 
BC 

BC 
BC 
BC 
BC 

BC 
BC 
BC 

BC 
AB 

AB 

BC 
BC 
BC 

BC 
AB 

BC 
BC 

pal 

pal 

pal 

pal 

pal 

pal 

are 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 

pal 
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SPECIES 

/TYPE 

P. palmivora co 

NP 

P. palmivora co 

NP 
P. palmivora co 

NR 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. arecae 

P. palmivora co 

P. palmivora co 

NR 

P. arecae 

P. palmivora co 

P. palmivora co 

P. arecae 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora ea 

P. palmivora ea 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora ea 

P. palmivora co 

P. palmivora co 
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CODE 

NUMBER 

92P84 

92P85 

92P86 

92P87 

92P88 

92P89 

92P90 

92P91 

92P92 

92P93 

92P94 

92P95 

92P96 

92P97 

92P98 

92P99 

92Pl00 

92Pl01 

92Pl02 

92Pl03 

92Pl04 

92Pl05 

92Pl06 

92Pl07 

92Pl08 

92Pl09 

92Pl09 

92Pll0 

92Plll 

92Pll2 

92Pll3 

92Pll4 

92Pl 15 

92Pll6 

92Pll7 

92Pll8 

92Pll9 

92Pl20 

92Pl 21 

92Pl22 

92Pl23 

92Pl24 

92Pl25 

92Pl26 

92Pl27 

92Pl28 

92Pl29 

92Pl30 

92Pl31 

ORIGIN 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

MLK 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

N.SLW 

SOURCE 

SAMPLING 

' 
Rainfall 

Soil 

Soil 

Soil 

Rainfall 

Rainfall 

Rainfall 

Rainfall 
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SPECIES 

/TYPE 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora co 

NR 

P. palmivora co 
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NR 
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P. palmivora co 
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P. arecae 
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NP 

P. palmivora co 
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NR 

P. palmivora co 

P. palmivora co 

NR 

P. palmivora sl 

NR 

P. palmivora co 

P. palmivora co 

P. palmivora co 

P. palmivora co 

NR 

NR 

P. palmivora co 

P. palmivora co 
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CODE ORIGIN SOURCE HOST PATTERN SPECIES 
NUMBER SAMPLING PGI MDH /TYPE 

92Pl32 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl33 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl34 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl35 N.SLW Organic matter NYD BC pal P. palmivora co 

92Pl36 N.SLW Organic matter NYD BC pal P. palmivora co 

92Pl37 N.SLW Soil Niwa NR 

92Pl38 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl39 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl40 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl41 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl42 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl43 N.SLW Soil Niwa BC pal P. palmivora co 

92Pl44 N.SLW Organic matter NYD AB pal P. palmivora ea 

92Pl45 N.SLW Organic matter NYD BC pal P. palmivora co 

92Pl46 N.SLW Organic matter NYD BC pal P. palmivora co 

Philippines (DRC collection 1992) 

ECl PHL Black pod cacao BB pal P. arecae 

EC2 PHL Black pod cacao AB pal P. palmivora ea 

ECS PHL Black pod cacao AB pal P. palmivora ea 

EC6 PHL black pod cacao AB pal P. palmivora ea 

DRCOll PHL coconut BB pal P. arecae 

DRC013 PHL coconut BB pal P. arecae 

DRC016 PHL coconut BB pal P. arecae 

DRC017 PHL coconut BB pal P. arecae 

DRC018 PHL coconut BB pal P. arecae 

DRC019 PHL coconut BB pal P. arecae 

DRC023 PHL coconut BB pal P. arecae 

Cote-d'Ivoire strain 

ENSA92.l C.IV coconut kat kat P. katsurae 

Indonesian and Cote-d'Ivoire (/Ml collection) 

IMl329710 Indonesia BC pal P. palmivora co 

IMl329711 Indonesia BC pal P. palmivora co 

IMl329714 Indonesia BC pal P. palmivora co 

IMl353701 C.IV coconut Pnp Pnp P.n. parasitica 

IMl353702 C.IV coconut BB pal P. arecae 

Key: SOURCE: += near diseased tree, (+)= near tree attacked by bud rot, £= near tree attacked by nut fall 

§=near healthy tree 

ORIGIN: N.SLW= North Sulawesi, C.SLW= Central Sulawesi, S.SLW= South Sulawesi, E.J= East Java, W.J= West Java, 

S.SUM= South Sumatra, N.SUM= North Sumatra, MLK= Moluccas, PHL= Philippines and C.IV= Cote-d'Ivoire. 

SPECIE/TYPE: P. palmivora ea= palmivora cacao type with banding patterns heterozygous PGI AB and MDH pal 
P. palmivora co= palmivora coconut type with banding patterns heterozygous PGI BC and MDH pal 

P. palmivora sl = palmivora slow type with banding patterns heterozygous PGI AC and MDH pal 

P. arecae = palmivora arecae type with banding patterns homozygous PGI 88 and MDH pal 

Pnp = Banding patterns PGI and MDH of P. nicotianae var. parasitica 
Kat = Banding pattern PGI and MDH of P. katsurae 

NP= Not Phytophthora and NR = Not recorded 
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Results 

Results of specific identification of 
the strains surveyed 

In Figure 1 are reported the PGI and MOH patterns 
of reference strains: each banding pattern may be 
considered as type for each species (Micales et al., 
1986). So, in this study, the clear PGI patterns 
revealed diversity, but the common MOH pattern 
in P. palmivora-P. arecae (reference strains or 
isolates) should be explored for these two species 
as explained in a previous report (Blaha, 1992). 

Figure 2 gives the electrophoretic patterns obtained: 

• the three genotypes in PGI, presumed to be asso
ciated as a "palmivora group" with one homozy
gote BB (arecae type), two heterozygotes, AB 
(cacao type) and BC (coconut type), 

•the PGI genotypes Mand CC have not yet been 
observed, but one isolate among 1 79 analyzed, 
92P122 from coconut soil plantation, which have 
a three banded PGI slow type with a presumed 
genotype AC, assumes the genetic filiation bet
ween all PGI genotypes of the "palmivora group", 

• and the common joint MOH banding pattern, 
MOH pal. 

This "palmivora group" PGl/MOH defined by Blaha 
(1992) as: 

I. P. palmivora cacao type (palmivora ea) 
with heterozygous PGI AB and MOH pal 
banding patterns. 

II. P. palmivora coconut type (palmivora co) 
with heterozygous PGI BC and MOH pal 
banding patterns. 

Ill. P. arecae (palmivora arecae type) with 
homozygous PGI BB and MOH pal ban
ding patterns. 

is completed by one new type 

IV. P. palmivora slow type (palmivora sl) 
with heterozygous PGI AC and MOH pal 
banding patterns. 

With the surveys carried out in Indonesia by Balitka 
at the end of 1991 and in 1992, these four types 
within "palmivora group" are obtained with the 
following rates (Table 2). 

As regards P. nicotianae var. parasitica, this species 
appears to be extremely rare in coconut plantations 
in Indonesia with a very low rate (0.62 %). 

Isolates of the Coffey survey in Indonesia were 
identified as P. palmivora coconut type (3/3). 

PGI (phosphogluco isomerase) 

- -- -- --
arecae palmivora nicotianae katsurae heveae 

MDH (malate dehydrogenase) 

• • 
- - - -- - --

arecae palmivora nicodanae katsurae heveae 

IMI reference strains of Phytophthora 

P. arecae 348386 
P. arecae 348387 
P. palmivora 74805 
P. palmivora 202544 
P. nicocianae 335183 
P. nicacianae 335188 

P. katsurae 
P. katsurac 
P. heveac 
P. heveac 

Figure 1. PG/ and MOH patterns of strains 

In the Philippines P. arecae was identified w ith 7/7 
isolates from coconut and 1/4 isolates from cacao, 
the 3/4 other isolates from cacao were identified as 
P. palmivora cacao type. 

P. katsurae appears to be a special case limited to 
Cote-d' lvoi re (100% of the strains collected if the 
anterior surveys are tak men into account). However 
with the Brasier survey, isolates were identified as 
P.n. var. parasitica (IMI 353701) and P. arecae (IMI 
353702). 

Table 1 gives the complete identification results with 
isoenzymatic analysis of the strains of all suveys 
from Indonesia, the Philippines and Cote-d'Ivoire. 
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II. 
+ 

PGI 

Different - - - - A 
patterns - -- - - - B - -- - - c 

palmivora palmivora palmivora palmlvora 
? ? cacao coconut arecae slow 

type type type type 

0 

Proposed 
AB BC BB AC AA cc genotypes 

MDH 
+ 1 -Similar MOH 1 

pattern 

- - - -- -
MDH2 

I 
0 

Figure 2. Electrophoretic banding patterns related to the 11palmivora group" 

Table 2. Isolates from Indonesia (Baltika) 
introduced in Montpellier in 1991 -1992 

isolates number 

Surveyed in Indonesia 192 
NR (not recorded) 22 

Isolates analyzed 170 

NP (Not Phytophthora) 8 
Identified as Phytophthora 162 

P. palmivora coconut type 131 

P. palmivora cacao type 12 

P. palmivora slow type 

P. palmivora arecae type 17 

P. nicotianae var. parasitica 

Total identified 162 

% partial 

80.86 

7.41 

0.62 

10.49 

0.6 

100.00 

Results of the epidemiological and 
geographical distribution of the strains 
surveyed 

The factorial analysis of correspondences carried 
out with all data (1990-1991-1992) concerning the 
original host plant (coconut or cocoa), sampling 
source (soil , rainfall, organic matter, etc.) and geo
graphical origin (Table 1) has shown that between 
the planes compared, the 1 x 3 plane gives the best 
interpretation. 

The ordinate arrangement in the 1 x 3 plane, which 
explains 50% of total variation (Fig. 3), shows: 

1 .that P. palmivora coconut type is more common 
on all varieties of coconut, NYD, PB 121, and 
Niwa but P. arecae seems to be associated with 
Niwa, 

2.that P. arecae is more often found on nuts and on 
the bud than in the soil, 

3.a different situation from the previous one appears 
with P. palmivora cacao type and particularly 
P. palmivora coconut type, because the main 
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Figure 3. Epidemiological and geographical distributions of coconut Phytophthora by factorial analysis of 
correspondences (FAC) based on species, coconut variety, sampling source and geographical location data. 

Geographical location codes: 

N.SLW: North Sulawesi 

C.SLW: Central Sulawesi 

S.SLW: South Sulawesi 

E.J: East Java 

W.J: West Java 

N.SUM: 

S.SUM: 

MLK: 

PHL: 

C.IV: 

North Sumatra 

South Sumatra 

Moluccas 

Philippines 

Ivory Coast 
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Table 3. Regional distribution of the electrophoretic types (ETs) of 215 Balitka isolates from coconut and cacao. 

«palmivora group» P. n. parasitica 
ETs 

coconut type cacao type arecae type slow type 

HOST coconut cacao coconut cacao coconut cacao coconut coconut isolate percent 

N.SLW* 125 3 7 2 2 140 65.12 
C.SLW* 13 6 2 21 9.77 
/S.SLW 3 2 6 2.79 
/E.J 1 0.47 
MLK* 12 2 2 16 7.44 

S.SUM* 1 0.47 
/W.J 7 3 11 5.12 

N.SUM* 3 13 19 8.84 

Total 163 4 19 3 21 0 4 215 

percent 75.81 1.86 8.84 1.4 9.77 0 0.47 1.86 100% 

Key: *Region: N.SLW: North Sulawesi, C.SLW: Central Sulawesi, S.SLW: South Sulawesi, E.J: East Java, MLK: Moluccas, 

S.SUM: South Sumatra, W.J: West Java and N.SUM: North Sumatra. 
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Figure 4. Regional distribution in South east Asia of the electrophoretic types of Phytophthora isolates from 
coconut and cacao 
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sources of these genetically related types are the 
soil of coconut plantations with diseased or 
healthy trees and the rainfall, 

4.that the distribution of coconut pathogen species 
with geographical regions reveals a total opposi
tion between both the Philippines (PHL) and 
North Sumatra (N.SUM) regions with the North 
Sulawesi (N.SLW), Central and South Sulawesi 
(C.SLW/S.SLW) and Moluccas (MLK) regions: 
P. arecae dominance in the first regional group, 
P. palmivora coconut type and P. palmivora ca
cao type dominance in the second one. For South 
Sumatra and West Java (S.SUM/W.J} regional 
group, the situation is nearest to North Sumatra 
(N.SUM) where it is more common to find 
P. arecae. 

The dominance of each species (Table 3) can be 
represented on the map of southeast Asian countries 
(Fig. 4) such as suggested by this first exploratory 
multivariate analysis of data. 

Discussion 

The identification of four species: P. palmivora, 
P. arecae, P. katsurae and P. nicotianae var. para
siti ca confirmed the results obtained with the 
previous surveys. 

In the Philippines homogeneity mainly appears with 
P. arecae on coconut. 

In Cote-d'Ivoire, diseases of coconut are caused by 
P. katsurae and perhaps by P. nicotianae var. para
sitica, but to determine if pathogen populations 
differ between Africa and Indonesia, it is necessary 
to examine more Cote-d'Ivoire isolates originating 
from more areas. 

In Indonesia, the PGI variability within the three 
most represented types (palmivora coconut type, 
palmivora cacao type and palmivora arecae type) is 
completed by the PGI pattern of isolate 92P122, 
palmivora slow type, for a better understanding of 
the genetic complexity of P. palmivora. As regards P. 
nicotianae var. parasitica, this species appears to be 
extremely rare in Indonesian coconut plantations. 

Sulawesi appears to be the richest zone in Indonesia 
for its fungal variability (high enzymatic 
polymorphism of closely linked forms), so that the 
improvement of the chemical or genetic control 
should be the most suitable solution. 
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Research on Phytophthora palmivora phylogeny 

G. BLAHA, c. ORTIZ GARCIA 
CIRAD-CP/DDC. Laboratoire de Phytopathologie. BP 5035 - 34032 Montpellier Cedex 1. France. 

G. HALL 
International Mycological Institute. Bakeham Lane. Egham. Surrey. TV 20 9 TY. United Kingdom. 

The isoenzymatic banding patterns obtained with 
strains surveyed in Indonesia led in previous work to 
the identification of the different coconut parasite 
species. Given the genetic links that appeared at the 
time of the study, we attempted to confirm these 
relationship links. 

With the PGI and MOH banding patterns, each band 
for the same enzymatic system was taken to be a 
variable coded as 1 if present and as 0 if absent, 
depending on the strain studied. The data obtained 
in this way were subjected to ascendant hierarchical 
classification (AHC) in accordance with the reci
procal neighbours method of the LISA programme 
(Francillon et al., 1989). This classification, pres-

ented in dendrogram form in which 0 indicates total 
similarity and 1 total divergence, can evaluate the 
genetic distances between the electrophoretic 
standard patterns for the species or forms identified. 
Figure 1 indicates that the smallest genetic distance 
is between P. arecae and cocoa type P. palmivora 
(index 0.15), the connection with coconut type 
P. palmivora being further (index 0.35) and 
divergence with P. katsurae total (index 1.0). 

The existence of sexual reproduction in Phyto
phthora, which can increase the genetic exchange 
between sexually complementary strains, A 1 and 
A2, is the best channel for high variability within the 
same heterothallic species. The two PGI banding 

P. arecae 
I 
I P. pal1i vora type cacao 

P. pa11ivora type cocotier 

P. nicotia.!14e var. parasitica 

P. katsorae 

1 .p ,B ,7 .~ .5 .,4 ,3 .2 .1 ,JJ 

Similitude index 

Fig. 1. Dendrogram obtained by ascendant hierarchical classification (AHC) on coconut Phytophthora PG/+ 
MOH banding patterns. 
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B Progeny 

Heterozygotes and of 
complementary 
sexual signs 
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D CJ 
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Fig. 3. Phosphoglucoisomerase (PG/) and ma/ate dehydrogenase (MOH) banding patterns obtained with 
13 individuals of a cocoa type P. palmivora progeny. 
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Fig. 2. Ma/ate dehydrogenase (MOH) banding 
patterns for the P. megakarya species. 

patterns obtained with coconut Phytophthora strains 
(a homozygous banding pattern and a heterozygous 
banding pattern) suggest that this sexual process 
indeed takes place. 

After monitoring the different stages leading to 
sexual reproduction and the methods used to 
interrupt zygote dormancy, an example of genetic 
recombination is given by electrophoretic analysis of 
the MOH of a P. megakarya progeny obtained after 
crossing between homozygous individuals for this 
enzymatic system (Fig. 2, part A, II and Ill) and 

which leads to heterozygous individuals in vitro 
(Fig. 2, part A, IV), but also individuals yet to be ob
served under natural conditions (Fig. 2, part B, silent 
alleles with a few individuals). 

For cocoa type P. palmivora, the same approach 
was taken as regards the electrophoretic analysis of 
a progeny after crossing between two sexually 
complementary and heterozygous strains for the PGI 
banding patterns (Fig. 3, part A). Although the 
number of individuals analyzed was low (13 indi
viduals), allelic segregation is seen on two of these 
individuals, since they have a monomorphic PGI 
banding pattern distinct from the heterozygous one 
of the parents and the band obtained is common 
with the fastest band of the heterozygous banding 
patterns (Fig. 3, part B). MOH analysis, for its part, 
reveals a similar banding pattern for all the 
individuals, parents and progenies (Fig. 3, part C). 

Given the similarity of the results obtained with the 
wild isolates of cocoa type P. palmivora and 
P. arecae, PGI and MOH analyses confirm the 
synonymy between these two species much better 
than simple genetic proximity. 
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The current state of the taxonomy of the 
genus Phytophthora 

G. HALL 
International Mycological Institute. Bakeham Lane. Egham. Surrey. 
T.V. 209 T.Y. United Kingdom 

Morphology 

Classification schemes have been based on 
morphological features. Using papillation and 
antheridium position, Waterhouse placed species in 
six groups, later expanded to seven to accommodate 
the marine species transferred to Halophytophthora. 
These are not phylogenetic groups. Characters were 
listed in seven groups according to their usefulness 
at different levels of identification: good for main 
groups; good at the species level; useful for some 
species only; intermediate characters; important for 
one or two species; supporting characters; and 
characters needing further examination. 

Variation 

The range of variation in characters and various 
taxa led to some difficulties with traditional clas
sification schemes noted by Erwin (1983). Problems 
were found in P. Cryptogea and P. drechsleri, P. 
megasperma, P. erythroseptica, P. nicotian<E and 
the P. palmivora group. Variation is produced by 
inherent genetic properties and environmental 
parameters. Mechanisms generating variation are: 
sexual recombination, asexual (mitotic) repro-

duction, polyploidy, aneuploidy etc. Assessment of 
the environmental components of variation requires 
cultures to be grown under constant conditions on 
defined media. This is very seldom done due to ap
parent difficulties, but was recently done for P. 
nicotian<E. 

Waterhouse (1983) also pointed out that many of the 
morphological characters listed had not been 
properly evaluated for their suitability as taxonomic 
characters. Ten years later many have still not been 
properly evaluated. To assess the morphological 
variation in a species, it is important to first assess 
the reproducibility of characters. In recent studies of 
characters in P. nicotian<E, it was found that four 
characters were variable and not reproducible: the 
presence of one sporangium apex, an elongated 
sporangium neck, intercalary sporangia and 
swellings on sporangiophore were not reproducible, 
and should not be used in taxonomic studies. Some 
were highly variable according to culture but 
reproducible, e.g. chlamydospore production, 
growth rate, growth at different temperatures; others 
showed little variation and were reproducible, e.g. 
sporangium caducity, colony morphology. When 
reproducibility has been assessed, morphological 
variation can be analysed more meaningfully. 
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Population approach 

In 1983, Erwin noted the need to examine large 
numbers of cultures, repeated by Brasier (1990). This 
is termed the population approach . Because of 
variation in the morphology observed, a wide 
geographical location and host base is examined. 
Variation large is close to the centre of origin of a 
species, less away from it, consisting mostly of 
clonal populations, particularly plant pathogens 
exported on propagated stock. A good method for 
analysing variation in large numbers of cultures is 
numerical taxonomy. This has seldom been done 
because it is time-consuming to obtain results. 
Studies do allow discrimination of groups and 
exclude atypical isolates. Results show that absence 
of one character (e.g. chlamydospores), or 
possession of an atypical character still permits 
inclusion in a group. This method has several 
advantages, treats all characters equally , no 
weighting and produces better relationships with 
less reliance on single character differences, which 
may not always be produced in any given culture. 

Proteins 

This work began in the early 60's with the 
advent of gel electrophoresis. Early results showed 
that proteins could be used to separate species and 
the patterns produced were used in studies 
describing new species (P. pseudotsug<E) and 
analysing variation (P. megasperma). Some problems 
arose with this approach; many bands are present 
making pattern recording difficult and «Smiling» 
effect of gels and different end points make 
comparison between cultures difficult; minor bands 
might be obscured by intense major bands; 
biosynthesis of some proteins may be under 
environmental or developmental controls, and so 
patterns may differ over time and between cultures 
of the same species. Despite these problems, results 
show that there is little intraspecific variation, and so 
protein patterns are often used to discriminate 
between species. 

lsoenzymes 

There are soluble proteins in cells which are 
separated on a gel, and stained. Patterns vary 
according to genetic constitution (homo-or 
heterozygotes) and species. In one species, some 
isoenzymes produce a single pattern (mono
morphic), others produce several patterns (poly-

morphic). Polymorphism is associated with genetic 
variation and is most frequent in cultures in regions 
near centres of diversity (origin). Patterns differ 
between species but are characteristic for each 
species. Single enzyme patterns or combinations of 
different patterns of several enzymes are charac
teristic of individual species and may be used for 
identification. lsoenzyme tests are time-consuming 
to prepare, but upwards of twenty enzymes may be 
necessary to detect polymorphisms. Protein 
concentrations should be equilibrated to avoid 
concentration effects. The distribution in the 
environment of isozyme phenotypes can be 
mapped. They are useful for discriminating com
plexity below the species level and can also be 
used to estimate allele frequencies, homo- and 
heterozygosity levels, and inbreeding and out
breeding frequencies. 

mtDNA 

DNA is unaffected by change in environmental 
conditions, e.g. culture media. chrDNA is highly 
variable and changes following recombination 
during sexual reproduction, but there is no evidence 
of recombination between mtDNA genomes in 
oospores or protoplasts, and so it is better for 
estimating relatedness. Extracted DNA is purified by 
CsCI density gradient centrifugation and cut into 
segments (restriction fragments) using a range of 
bacterial endonucleases, separated on gel and 
stained to be visible under UV light. Common bands 
are recorded . Hybridization with cloned labelled 
mtDNA fragments gives an autoradiogram. Usually, 
a variety of endonucleases is used. Analyses using 
phenotypic numerical taxonomic methods produce 
a dendrogram. Results show that P. palmivora, P. 
nicotian<E, P. cactorum, P. infestans are homo
geneous, P. megakarya, P. citrophtora have only a 
little variation; P. capsici, P. citricola, P. drechsleri, 
P. megasperma are highly variable. 

Karyotypes 

Light microscopy of stained chromosomes has 
al lowed separation of megakarya from palmivora. 
Diploid and polyploid karyotypes may be associated 
with spore size in megasperma. Protoplasts are 
prepared from mycelium loaded onto gels and 
separated by pulse-field electrophoresis. 
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Generalisations 

Results from biochemical tests have mostly 
confirmed the species defined by morphological 
criteria. Some species are highly variable, others 
are homogeneous. Other morphologically similar 
species «groups» contain subgroups which are 
distinct, but distantly related. These may be new 
species, molecular species, sibling species or 
cryptic species. Hansen described P. medicaginis 
and P. trifolii as new species and speculated on the 
evolutionary mechanism that monocultures have 
created conditions for speciation to occur by 
encouraging specialization. The time-scale is 
small, but possible. Since sub-groups are seldom 
morphologically highly distinct, subspecies is 
probably a better term to use, although the exact 

systematic position of those has yet to be resolved. 
Most studies show lack of interspecific 
hybridization, but only P. meadii may be a species 
hybrid. Studies on P. megasperma, P. infestans and 
P. meadii show the existence of polyploids. 

Future prospects 

The extent of genetic variation within many 
species of Phytophthora has been assessed and 
differs much between species. Attention should 
now be focused on the development of practical 
identification methods which allow the allocation 
to accepted species of atypical strains which do 
not produce al I morphological characters in 
culture. 
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Components of coconut nut susceptibility to 
Phytophthora heveae attacks in Cote-d'Ivoire 

J. POHE 
Ecole Nationale Superieure d' Agronomie. B.P. 1313. Yamoussoukro. Cote-d'Ivoire 

Introduction 

As early as 1984, in Cote-d'Ivoire, immature 
nutfall was observed on first-sized to virtually ripe 
nuts. Infection generally begins around the floral 
parts, sometimes in the equatorial section of the nut. 
Previous observations had shown that only large 
green nuts aged eight to ten months were the most 
receptive to Phytophthora, whereas younger nuts 
generally remained disease-free. However, these 
observations did not involve precise counts to 
determine the importance of different lesion 
positions and age of the most vulnerable nuts. 

Knowledge of all these fruit susceptibility characters 
is important for a better understanding of epidemics. 

Material and methods 

The study is partly based on observations and 
partly on inoculation tests in the field. 

Phytosanitary survey 

During weekly rounds, diseased nuts were collected 
and observed to define the position of the lesions. It 
was often necessary to dehusk or break open the 

nuts to complete these observations. The nuts were 
classified into age categories (young, adult, ripe). 

Verification test 

Nut inoculations were carried out in situ to check 
the previous observations. 

Inoculation 

NATURE OF THE PARASITE INOCULUM 

The inoculum was obtained from a Phytophthora 
culture isolated from a diseased nut on a water agar 
medium, then transferred to a selective medium for 
Phytophthora. 

The inoculum was a disc of a five-day-old culture 
taken using a cork borer (7 mm diameter). It com
prised parasite mycelium fragments and zygotes. 

PLANTING MATERIAL 

The rank of a bunch indicated the age of its nuts, 
which means that it was easy to distinguish between 
adult nuts and young nuts. Bunch ranks 4, 5, 6, 7 
and 8 bore young nuts; those of ranks 9 to 11 bore 
immature adult nuts. 

The nuts to be inoculated were chosen so that there 
were none below, so as to avoid contamination due 
to rainwater runoff from lesion zones to healthy nuts. 
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Table 1. Phytophthora heveae infection of different 
categories of nuts under natural conditions 

Category of nuts Total number Percentage 
of diseased nuts and limit 

Immature adult nuts AN 5 186 97.40% 
(97 - 97.8) 

Young nuts YN 138 

Total 5 324 

INOCULATION TECHNIQUE 

Two techniques were used: 

- inoculation on a wound, 

2.60% 
(2.2 - 3) 

100% 

- inoculation by depositing the inoculum on the 
pericarp. 

INOCULATION ON WOUNDS 

Inoculations were carried out on nuts still attached 
to the palm. A disc of tissue was removed from the 
zone to be inoculated using a cork borer, after 
washing it in alcohol and rinsing in sterile water. 
The inoculum was placed in the hole. 

Inoculation involved placing a culture disc contain
ing mycelium fragments in the hole left after removal 
of the d isc of husk. The disc of husk was then 
replaced and held in place with a strip of adhesive 
tape. 

INOCULATION BY DEPOSITING THE INOCULUM 

ON THE PERICARP 

This method involved depositing Phytophthora 
heveae inoculum on the pericarp cleaned 
beforehand as in the previous case. The inoculum 
was deposited on water-soaked cotton wool and the 
outer surface of the parasite culture was applied to 
the pericarp. The cotton wool and parasite culture 
were held in place with adhesive tape. 

Observations 

The inoculated nuts were monitored for a month: at 
the beginning, only nutfall was recorded. On the last 
day of observations, all inoculated nuts were 
collected and examined. Any rot with doubt as to 
the symptoms was cultured on gelled water. 

Rot symptoms and isolation of Phytophthora heveae 
from husk tissues indicated that the inoculations had 
been a success. 

Results 

Nut age and susceptibility 

Nut age and susceptibility under natural 
conditions 

Rotten nuts may have come from bunches from 
ranks five to eleven, i.e. from those with the smallest 
fruits to those with the largest (eleven months). 

However, twelve month old ripe nuts remained 
disease-free. These observations tally with those 
obtained previously. 

Two nut age categories were adopted for analyses: 

- young nuts aged four to eight months, whose shell 
was still not differentiated, indicated by the letters YN, 

- immature adult nuts aged nine to eleven months, 
with a totally formed shell, indicated by the letters AN. 

The infection rates recorded in each nut category are 
given in Table 1. For the diseased nuts as a whole, 
the percentage of young nuts (YN) was much lower 
than for adult nuts (AN). 

Nut age and inoculation success 

The inoculations carried out on both adult and 
young nuts gave the overall results shown in Table 2, 
which indicate the percentages of success obtained 

Table 2. Distribution of infection rates depending on nut categories and inoculation techniques 

Nut category 

Young nuts Adults nuts Total 

Inoculation Nuts Success Percentages Nuts Succcess Percentages Nuts Success Percentages 
technique inoculated and limits inoculated and limits inoculated and limits 

Surface 180 15 8.33% 180 20 11.11% 360 15 9.72% 
(4.3-12.6) (6.51-15.71) (6.66-12.78) 

Wound 180 139 77.22% 180 159 88.33% 360 298 82.77% 
(71.12-83.82) (83.6-93.03) (78.87-86.67) 

Total 360 154 42.77% 360 179 49.7% 720 333 46.25% 
(37.6-47.8) (44.6-54.8) (42.65-49.85) 
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on young and adult nuts depending on the two 
inoculation techniques: wounding or inoculum 
deposit on pericarp. 

Inoculation with wounding was far more effective 
than inoculation without wounding; no differences 
in susceptibility were detected between young nuts 
and adult nuts. 

The different types of Phytophthora 
heveae attacks on nuts 

Types of attacks in the natural environment 

0SERVATION RESULTS 

For the three observation years, only proximal and 
lateral lesions were observed: 

• Proximal lesions 

Phytophthora heveae attacks could begin on the 
proximal part of the nut and spread towards the 
apex. Such attacks were responsible for the rapid fall 
of nuts that still had a healthy distal section at the 
time of observation. The attacks began either below 
floral parts or around them. The first case was very 
rare and partly linked to insects. Indeed, insects such 
as Temnoschoita sp. and Carpophilus sp. were 
found under the sepals of diseased nuts, along with 
mites, Aceria sp. 

• Lateral lesions 

Lateral lesions were characterized by attacks in the 
equatorial zone, in the mid section of the nut. The 
lesions spread both to the apex and to the proximal 
section, but they spread much more quickly 
towards the peduncle than to the apex, hence 
lateral lesions could be confused with proximal 

lesions if the nut was not dehusked to determine 
the true direction of spread. 

Regardless of where the attack began, nutfall 
occured when the peduncle zone was reached. The 
spread of the disease to the proximal section through 
the internal tissues was very rapid, so the external 
size of a lesion provided no indication of the extent 
of internal rot. 

These observations showed that the lateral infections 
were more important than the proximal ones and 
that the distal part of the nut was not susceptible to 
the fungus. 

A comparison between types of lesions in each fruit 
category revealed significant differences (Table 3). 

- On young nuts, proximal attacks dominated at 
76% (68.9 - 83.1) as opposed to 24% (16.9 -
31.1) lateral attacks (Table 3); 

- on adult nuts, there were significantly more 
lateral attacks 60.2% (58.9 - 71.5) than proximal 
lesions 39.8% (38.49 - 40.11 ). 

These observations show that lateral infections are 
much more common than proximal lesions and the 
distal section of the nut is not receptive to the 
parasite. 

• Artificial infections and lesion positions 

Based on the techniques already described, adult or 
young nuts were inoculated either in the proximal 
section, mid section, or distal section. 

- Proximal inoculation was carried out just around 
the floral parts; 

- lateral inoculation was carried out on the equato
rial section of the nut; 

- distal inoculation was carried out near the distal 
invagination of the nut, a zone characterized by 
the hardness of the tissues. 

Table 3. Lesion distribution according to nut age. Results of three years of observations. (Overal I observation 
results) 

Lesion position 

Proximal Lateral Distal 

Age of nuts Number Percentage Number Percentage Number Percentage Total of 
of lesions and limits of lesions and limits of lesions and limits diseased nuts 

Young nuts 105 76% 33 24% 0 0 138 
68.9-83.1 16.9-31.1 

Adults nuts 1064 39.80% 3122 60.2% 0 0 5186 
38.49-40.11 58.9-71.5 

Ripe nuts 0 0 0 0 0 0 0 

All ages 2169 40.74% 3155 59.26% 0 0 5324 
39.44-42.04 57.96-60.56 
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Table 4. Results of the inoculations in the proximal section, mid section and distal section of young and 
adult wounded nuts 

Proximal section Mid section Distal section 

Age of Number of Number of Percentage Number of Number of Percentage Number of Number of Percentage 
nuts inoculated diseased of diseased inoculated diseased of diseased inoculated diseased of diseased 

nuts nuts nuts nuts nuts nuts nuts nuts nuts 

Young nuts 60 46 76,66% 60 49 81 ,66% 60 44 73,33% 
(65.96-87.36) (71.66-91.46) (52.13-84.53) 

Adults nuts 60 59 98,33% 60 53 88,33% 60 47 78,33% 
(95.10-101.53) (80.21-96.45) (67.91 -88.75) 

Table 5. Results of inoculations by inoculum deposit on the pericarp in the proximal, lateral and distal 
zones, on young and adults nuts 

Proximal section 

Age of Number of Number of Percentage Number of 
nuts inoculated diseased of diseased inoculated 

nuts nuts nuts nuts 

Young nuts 60 12 20% 60 
(9.9-30.12) 

Adults nuts 60 11 10,33% 60 
(2.63-18.03) 

• Inoculation results 

Tables 4 and 5 show the overall results for wound 
inoculation and inoculum deposit on the pericarp 
respectively. 

The success rate for inoculations on wounds was 
very high (Table 4). These results also show that 
large numbers of distal lesions can be obtained 
artificially when inoculation takes place after 
wounding. There was no significant difference in 
responses to infection depending on the inoculation 
site. 

• Analysis of the inoculation results obtained with 
inocu lum deposited on the pericarp 

The overall results for inoculation by inoculum 
deposit on the pericarp are given in Table 5. 

The success rate for inoculation in this way was low 
and revealed no clear difference between the 
various lesion sites (Table 5). Proximal lesions 
seemed substantial for both nut categories, with 
20% on young nuts and 10.33% on adult nuts. 

The inoculation results did not tally with those for 
infection observations in the field. 

The success rates for inoculation by inoculum 
deposit on the pericarp were low. There were clear 
differences depending on the infection site: the distal 
zone of the nut was hardly receptive to the parasite, 

Mid section Distal section 

Number of Percentage Number of Number of Percentage 
diseased of diseased inoculated diseased of diseased 

nuts nuts nuts nuts nuts 

3 5% 60 0 0 
(0.5-10.5) 

7 11,6% 60 2 3,3% 
(3.5-19.7) (1.3-7.8) 

if at all. However, it is worth noting that artificial 
inoculation on young nuts led to lesions, whereas 
naturally they remained symptom-free. 

Discussion and conclusion 

Immature adult nuts are the most susceptible 
host population and the equatorial zone of the nut is 
the most receptive site. 

The almost total success of inoculations on wounds 
and the lack of success for inoculum deposit on the 
pericarp led to the conclusion that the nut resistance 
process occurs in the pericarp. Thus, with 
inoculation on wounds, this resistance mechanism 
in the fruit may be circumvented. The resistance 
mechanism seems to be much more physical, linked 
to fruit anatomy, than chemical. It would appear to 
be a mechanical resistance to parasite penetration. 

The coconut is a drupe, comprising several parts 
from the outside to the inside: 

• Pericarp: outer part whose appearance varies 
depending on nut age. 

• Mesocarp (fibrous): the fibre is called coir. Right 
after pollination, the fibres begin to form from the 
distal part, which means that the distal part is 
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harder than the rest of the nut right from the 
outset. The proximal part, which is the last section 
to differentiate, remains a zone of lower resistance 
for a long time. Part of it is covered more by the 
floral parts. 

• Endocarp: this differentiates very soon after polli
nation and appears first in the distal part. It is 
totally formed by the time the nut is 10 months 
old. 

• Meat or albumen: the meat begins to form by depo
sits in the distal part of the endocarp cavity. This 
begins when the nuts are seven or eight month old 
and is completed on ripeness (12 months). 

The inner cavity of t~e endocarp is occupied by 
coconut milk (liquid endosperm), whose volume 
diminishes as the meat forms. 

Based on this knowledge of the anatomy of the fruit, 
we can propose hypotheses as to the receptivity of 
the different zones of the nut to Phytophthora. 

Proximal zone: the floral parts provide physical 
protection of the pericarp against the pathogen, but 
at the same time they are organs which may retain 
the inoculum, in particular through water droplet 

retention around their edges, or they may harbour 
insects or mites, which are inoculum vectors. 

Equatorial zone: this zone, wh ich definitely 
undergoes the greatest changes during nut 
development, is the site where free water is retained 
on the surface to varying degrees depending on the 
characteristics of the insect's wounds which are 
present. 

Distal zone: this zone reaches maturity very quickly 
and remains smooth throughout its development, 
acquiring total resistance to the parasite very rapidly. 

Other factors are also involved in nut susceptibility 
and are connected with: 

- evasion phenomena: nut position, contact bet
ween nuts in the same bunch, etc. 

- physiology: linked to drying out of the pericarp 
during nut ripening; 

- nut morphology: large size, convex leading to dif-
ferent degrees of water droplet retention. 

To conclude, numerous factors are involved in nut 
susceptibility and probably determine the suscep
tibility of different types of planting material. 
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.Development of an inoculation test with 
Phytophthora katsurae, a cause of 

immature nutfall in Cote-d'Ivoire 

H. DE FRANQUEVILLE, ALLOU KOUASSI 
IDEFOR/DPO. Phytopathology Service. Marc Delorme Station. 
07 BP 13 Abidjan 07. Cote-d'Ivoire 

Introduction 

Phytophthora katsurae (initially identified ~s 
Phytophthora heveae) causes significant damage_ in 
Cote-d'Ivoire, either through coconut bud rot, which 
inevitably leads to tree death, or through immature 
nutfall, which can lead to harvest losses of around 
30 to 40%. Substantial differences have been 
detected under natural conditions between several 
types of planting material, suggesting that breeding 
may provide an answer to the problem posed by 
Phytophthora. 

The development of an early test means inoculation 
with the pathogen to determine the tolerance or 
susceptibility of the planting material, partic~l~r!y as 
far as nutfall is concerned. Work was in1t1ally 
undertaken using an inoculation technique that was 
relatively traumatic for the nuts and which di_d. ~ot 
enable reproduction of the range of suscept1bil1ty 
seen under natural conditions. It was then steered 
towards a less traumatic technique, which is briefly 
described, along with the first results obtained. 

Development of 
inoculation techniques 

The results obtained previously showed that 
inoculation with Phytophthora katsurae culture 
fragments placed in a hole made in t~e nut u~ing a 
cork borer led to effective reproduction of disease 
symptoms, although it was not possi?le to 
differentiate between the performances of different 
types of planting material. We therefore felt it ~as 
necessary to use sporocysts and zoospores, which 
the fungus has difficulty producing on a culture 
medium, applied to the nut without wounding. 

Various culture media were tested, including malt 
medium, VB, CMA (corn meal agar) and simple 
agar-agar (G). All the media were tested with or 
without ~-sitosterol, which is not synthesized by 
Phytophthora, but which plays an important role in 
asexual reproduction. The tests confirmed that 
obtaining sporocysts was linked to the addition of~
sitosterol at a rate of 0.02 g per litre of medium, and 
further investigation led to the adoption of either VB 
or malt medium for inoculum preparation. Adding 
ammonium nitrate did not improve the results 
obtained. 

Zoospore release by sporocyst dehiscence is 
relatively spontaneous if the cultures are submerg~d, 
but as with other species, it is favoured by spending 
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30 minutes at 4°C, followed by 10 minutes at 
ambient temperature. These 10 minutes are used to 
transfer the inoculum to the inoculation site. 

The work to develop inoculation techniques was 
carried out on nuts harvested from PB 121 
(MYD x WAT) hybrids planted in 1975. An initial 
study showed that the nuts from ranks 16 to 19 were 
the most receptive to the disease, and further 
investigations led us to pay particular attention to 
rank 18 and 19 nuts, as they are easy and quick to 
identify on the tree. Other work showed that 
contrary to what we initially thought, placing the 
nuts in plastic bags to ensure high relative humidity 
was not essential for good symptom expression. 

The inoculation procedure currently used can be 
summed up as follows: 

- the inoculum is obtained from 7 to 8-day-old cul
tures on V8 medium, 15-days-old on malt me
dium, in petri dishes, with ~-sitosterol. The sub
merged cultures are chilled for 30 minutes, then 
brought back to ambient temperature at least 10 
minutes before inoculation, 

- the nuts to be inoculated come from bunches in 
the axil of rank 18 and/or rank 19 leaves. A con
tainer comprising a section of plastic tubing is 
stuck to the epidermis on the equatorial line of 
the nut, taking care not to wound it. Two drops of 
inoculum are poured into the tubing, which is 
then sealed using sticky tape, 

- the nuts are placed on bamboo trays, in the 
shade, and the first symptoms appear three to 
four days after inoculation. 

~ 
::> z 

Application of the techniques 
to a range of planting material 
whose performance is known 

We attempted to apply the above techniques to a 
range of planting material whose performance with 
respect to Phytophthora katsurae had been clearly 
established in trial PB TC 08 at Samo, in southeast 
Cote-d'Ivoire. 

The hybrids chosen initially were as follows: 

Hybrid % nutfall (Samo, 1990) 

EGDxWAT 31.7 

RLTxWAT 

MRD x PYT 

MYD x PYT 

7.7 

5.8 

2.3 

The nutfall percentages given amply confirm the 
results obtained in previous years. 

In the artificial contamination trial, each hybrid was 
represented by 15 trees, from each of which a rank 
18 and a rank 19 nut were taken. 

Figures 1 and 2 show trends for the number of nuts 
affected in each type of planting material over the 
15 days covered by the observations. Figures 3 and 
4 show the mean diameter of the lesions caused by 
Phytophthora inoculation. 

The high susceptibility of the EGD x WAT hybrid 
was confirmed, as all the inoculated nuts showed 
symptoms as early as the third day after inoculation. 
However, the trial did not confirm the high 
tolerance of the MYD x PYT hybrid, irrespective of 

0 15 .. ...................................... ·· ····· ··---- ······- -···-·-···· ···-· ·--

Figure 1. Trends 
for number of 
diseased nuts 

(rank 18). 
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Figure 2. Trends for 
number of diseased nuts 
(rank 19). 

Figure 3. Trends for 
symptom diameter 
(rank 18). 

Figure 4. Trends for 
symptom diameter 
(rank 19). 
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the rank of the inoculated nut. The intermediate 
performance of the WAT x RL T hybrid was not 
clearly shown by these inoculations either. 

Discussion 

The poor coherence in previous work between 
natural and artificial contamination was put down to 
the trauma caused by inoculation after piercing the 
nuts with a cork borer. The less traumatic techniques 
used in more recent work have not yet produced 
much more satisfactory results. 

In the above trial, the nuts were harvested at the 
Marc Delorme Station and inoculated the following 
day at the Robert Michaux Plantation at Dabou, 
more than 100 km away, where the Phytopathology 
Laboratory is located. 

This delay of 24 hours is probably a minimum, given 
that numerous nuts have to be harvested, trans
ported and then inoculated, and we therefore felt it 
would be worthwhile inoculating PB 121 nuts 48 
hours, 24 hours or just after harvesting. The resu lts, 
expressed in terms of the number of nuts affected, 
are given in Figure 5 and show that the time 
between harvesting and inoculation has an impact 
on symptom expression, since the number of nuts 
affected doubled if the time between the two 
operations was 24 hours. 

The hypothesis can therefore be put forward that 
the smal I differences between the planting 
materials result from the nuts from tolerant material 
being made more susceptible during transport and 
storage. 

This hypothesis is due to be investigated further in 
future work. 
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Assessing coconut Phytophthora disease tolerance 
in Indonesia: development of an inoculation method 
and first tests 

5. KHARIE, J.M. THEVENIN, H.F.J. MOTULO 
Balai Penelitian Kelapa (Balitka). PO Box 1004. Manado 95001. Indonesia 

Introduction 

In Indonesia, where Phytophthora diseases pose 
serious problems, especially on the PB 121 hybrid 
(Nias Yellow Dwarf x West African Tall) and on the 
Nias Yellow Dwarf, three species are involved: P. 
palmivora, P. nicotianae and P. arecae (Bennet et 
al., 1985: Warokka, 1992). 

Whilst in Cote-d'Ivoire, where the pathogen is P. 
katsurae, the PB 121 hybrid proves to be susceptible 
to nutfall and somewhat tolerant of bud rot, these 
tendencies are reversed in Indonesia (de Franque
ville et al., 1989). 

Bud rot and premature nutfall occur when coconut 
palms are already bearing, so that data for tolerance 
in the field are only available quite late. 

The development of a test by artificial inoculation 
on nuts and young plants should enable the early 
assessment of planting material prior to its future 
development, hence the choice of varieties most 
appropriate for local conditions. 

Development of an inoculation 
method on nuts 

Choice of inoculation site 

Method 

This experiment was conducted twice on young 
immature Nias Yellow Dwarf nuts (6-7 months). The 
inoculum consisted of a suspension of zoospores 
and mycelium from a P. arecae culture on PCA 
medium (20 g potato, 20 g carrot, 20 g agar per litre) 
in the first test and a zoospore suspension only in 
the second test. A drop of suspension was deposited 
on the nut sometimes after wounding with a needle. 
A piece of adhesive tape was stuck over the 
inoculum, thereby creating a miniature humidity 
chamber. 

Case of suspension in the peduncle: a small length 
of plastic tube was fixed to the peduncle and the 
inoculum (5 drops) was deposited in the tube. 

Procedure 

1 0 rep I icates. 

1 inoculation site per nut. 

Treatments: 

a - with wounding, on the floral parts 
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b - with wounding, under the floral parts 

c - with wounding, equatorial section of the nut 

d - with wounding, apical section of the nut 

e - without wounding, on the floral parts 

f - without wounding, under the floral parts 

g - without wounding, equatorial section of the nut 

h - without wounding, apical section of the nut 

i - suspension in the peduncle 

j - control 

Susceptibility depending on nut age 

Method 

This experiment was conducted twice on Nias 
Yellow Dwarf nuts. The inoculum consisted on a 
zoospore suspension from a Phytophthora culture on 
PCA medium. The inoculations were carried out 
without wounding on the equatorial section of the 
nut. In the first test, only P. arecae was used, at a 
density of 29,000 zoospores/ml, whereas three 
species (P. arecae, P. palmivora, P. nicotianae) were 
tested in the second experiment, at a density of 
17,000, 12,000 and 7,000 zoospores/ml respectively. 

Procedure 

10 rep I icates. 

1 inoculation site per nut. 

Treatments: 
a - bunch of leaf 11 
b- 12 

c - 13 

d - 14 

e- 15 
f - 16 

g- 17 

h - 18 
I - 19 

j - 20 
k- 21 

I - 22 
m- 23 

n - 24 
0- 25 

Results 

The lesions appearing on the nuts were measured 
(width/length) from the 4th to the 1 Oth day after 
inoculation and reduced to the area of a disc. The 
statistical analysis (analysis of variance, Tukey test 
after data transformation X ---> ~ X + 0.5) was 

carried out on the lesion areas 5 and 8 days after 
inoculation. 

Table 1. Area of lesions (cm2), 5 and 8 days after 
inoculation. Test 1 

5th day Bth day 

a 0 e 6.00 e 
b 10.45 a 43.58 a 
e 10.54 a 39.84 a 
d 3.05 be 10.18 be 
e 0 e 0 e 
f 4.91 b 33.45 ab 
g 1.26 be 6.01 e 
h 0 e 0 e 

0 e 5.12 e 
0 e 0 e 

Table 2. Area of lesions (cm2), 5 and 8 days after 
inoculation. Test 2 

5th day Bth day 

a 0 e 15.05 ed 
b 11.89 a 81.06 a 
e 12.23 a 68.46 ab 
d 0.59 be 13.16 ed 
e 0 e 6.86 d 
f 3.33 b 38.86 b 
g 0.83 e 6.36 d 
h 0 c 0 d 
i 0 c 0 d 
j 0 c 0 d 

Table 3. Area of lesions (cm2) 5 and 8 days after 
inoculation. Test 1 

5th day Bth day 

a 0 d 0 e 
b 0 d 0.25 e 
e 0 d 0.42 e 
d 15.14 a 52.86 ab 
e 11.78 abe 44.34 abe 
f 1.59 ed 11.00 be 
g 4.14 a bed 21.26 be 
h 1.30 ed 8.99 be 

2.90 bed 21.33 be 
j 0.36 d 26.28 abe 
k 0 d 18.21 be 
I 0.08 d 12.77 be 
m 0 d 10.06 be 
n 0.59 d 29.32 abe 
0 13.79 ab 81.57 a 
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Table 4. Area of lesions (cm 2) 5 and 8 days after inoculation. 
Test 2 (P. palmivora (P), P. nicotianae (N), P. arecae (A)) 

5th day 

p N A 

a 0 b 0 b 0 
b 0 b 0 b 0 
e 0 b 0 b 0 
d 0 b 0 b 1 .7 
e 13.62 ab 0 b 0 .15 
f 11.53 ab 0.59 b 12.85 
g 12.35 ab 0 b 2.80 
h 16.29 ab 7.26 a 5.62 

2.46 ab 1.26 b 0 
j 10.61 ab 0 b 1.56 
k 3.28 ab 0 b 1.70 
I 1.39 ab 0 b 2.34 
m 1.58 ab 0 b 0 
n 7.44 ab 0 b 0 

Inoculation site 

These two tests clearly showed that: 

1.The symptoms appear more rapidly with woun
ding. 

2.The most sensitive zones are located in the equa
torial section of the nut and under the floral parts. 

3.Symptom reproduction is possible with a zoo
spore and mycelium suspension, or with a sus
pension of zoospores alone. 

4.Symptom reproduction is possible after infusion 
of a mycelium and zoospore suspension in the 
peduncle. In this case, the symptoms take longer 
to appear. 

Nut age 

These two tests show that the most susceptible nuts 
come from the bunches of leaves 14 to 20 (nuts 

Table 5. Necrosis symptoms on leaves 

Tree 

2 
3 
4 
5 
6 
7 
8 
9 
10 

With wounding 

Leaf 1 Leaf 2 

a e 
b d 
e b 
d b 
d b 
d b 
b b 
b bt 
b b 
d b 

Without wounding 

Leaf 1 Leaf 2 

d 
d 

e 

Bth day 

p N A 

e 0 e 0 b 0 b 
e 0 e 0 b 0 b 
e 0 e 0.40 b 0 b 
be 1.92 be 0 b 5 .04 b 
be 47.04 abe 0 b 3.94 b 
a 52.47 a 6.15 b 59.99 a 
be 49.32 ab 0 b 13.16 b 
ab 52.41 a 33.09 24.23 ab 
e 9.16 abe 8.30 b 0 b 
be 32.79 abe 0 b 10.06 b 
be 14.91 abe 0 b 22.21 ab 
be 6.23 abe 0.96 b 12.23 b 
e 
e 

3.48 be 0.80 b 0.58 
12.77 abe 0 b 2.73 b 

a 

aged from 3 to 8 months). The susceptibility of nuts 
from the bunch of leaf 25 in test 1 remains 
unexplained. As the inoculum zoospore densities 
were very different, the effect of the Phytophthora 
species cannot be proved. However, the three 
species can be considered as coconut pathogens. 

Development of an inoculation 
method on young plants 

Effect of plant age and of the 
inoculation site 

Method 

This trial was conducted on young Nias Yellow 
Dwarf plants in the nursery. The inoculum consisted 
of a zoospore and mycelium suspension from a P. 
arecae culture on PCA medium. The inoculations 
were carried out without wounding using around ten 
drops of suspension (treatments A and B). 

Procedure 

10 replicates 

Factor 1: 
Plant age: 1 . 

2. 
3. 
4. 

6 months 
8 months 
10 months 
12 months 
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Factor 2: 
Inoculation site: A. spear 

B. leaf axil 
C. root uptake (10 ml) 
D . soil infection by sprinkling 
(50 ml) 

Inoculation schedule 

Plants aged 6 months 

2/11/91, 5/11/91 , 9/11/91 , 15/11/91, 19/11/91 

Plants aged 8 months 

7/01/92, 11/01/92 

Plants aged 10 months 

9/03/92, 13/03/92, 18/03/92, 28/03/92, 2/04/92 

Plants aged 12 months 

4/04/92, 8/05/92, 21/05/92, 26/05/92, 30/05/92 

Inoculation trial on leaves 

Method 

Inoculation was carried out using a P. arecae 
mycelium culture disc on one-year-old Nias Yellow 
Dwarf plants in the nursery. 

Procedure 

10 replicates 

Treatments: 

A: without wounding, on the inner surface of the 
petiole of 2 leaves 

B: after scratching, inner surface of the petiole of 
2 leaves. 

Results 

Trial 1: 10 months after the first inoculation, a total 
of 17 trees belonging to treatments B, C and D had 
died. 

It should be noted that: 

- no external symptoms were observed before the 
young coconuts dried out, 

- most of the dead trees (12) belonged to treatment 
C (root uptake of the inoculum). In this case, the 
roots of dissected trees were rotten and the trees 
probably died for that reason, 

- when dead trees were dissected, there were no 
signs of symptoms identical or similar to those 
usually seen on bearing trees affected by bud rot, 

- all the isolations carried out on dead plants and 
apparently healthy plants remained negative. 

Table 5. Necrosis symptoms on leaves 

Tree 

2 
3 
4 
5 
6 
7 
8 
9 
10 

N.B. 

With wounding 

Leaf 1 Leaf 2 

a e 
b d 
c b 
d b 
d b 
d b 
b b 
b b 
b b 
d b 

a: severe necrosis 
b: necrosis due to a wound 
c: broken leaf and rot symptoms 
d: rot symptoms 

Without wounding 

Leaf 1 Leaf 2 

d 
d 

e 

e: broken leaf with severe necrosis 

Trial 2: the first symptoms appeared two weeks after 
inoculation. The results are given in Table 5. All the 
inoculations carried out with wounding we re 
successful; more or less serious necrosis developed 
subsequently leading to leaf breakage. Phytophthora 
was isolated again from these wounds. 

With the results in these trials, it is impossible to 
reach any conclusion as to symptom reproduction; 
further studies are required before a varied range of 
planting materials can be tested. 

Screening of coconut varieties 
by artificial inoculation on nuts 

Method 

The inoculation method chosen was a compromise 
between that giving the best results in preliminary 
tests and what is assumed to take place in nature 
within the tree, i.e.: 

- nuts aged 6 to 7 months 

- inoculations in the equatorial section, at three sites 

- use of a zoospore suspension 

- no wounding prior to inoculation 

Dwarfs 

PROCEDURE 

10 replicates 

Zoospore densities: 

P. arecae (A): 1,022,000/ml 
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Tables 6, 6a and 6b. Area of lesions (cm2) 5 and 8 days after inoculation. On Dwarfs. 

5th day Bth day 

N p A N p A 

a 14.72 a 9.29 a 19.39 a 45.85 a 35.25 a 63.68 a 
b 4.48 abe 0.56 b 5.75 be 17.23 ab 2.12 b 16.41 be 
e 10.47 ab 8.48 a 6.78 b 46.71 a 31 .11 a 34.76 ab 
d 0.68 e 1.06 b 0 e 2.73 b 5.03 b 0.27 e 
e 2.25 e 0.95 b 6.35 be 10.92 b 5.42 b 32.10 ab 
f 3.43 be 1.29 b 1.77 be 10.18 b 7.12 b 8.62 be 
g 1.71 be 0 b 1.86 be 10.76 b 2.08 b 11.32 be 
h 2.40 e 0 b 0.78 e 11.78 b 0 b 5.98 b 

Table 6a 

5th day Bth day 

a 14.47 a 48.26 a 
b 3.59 e 11.92 be Table 6b 
e 8.58 b 37.53 a 
d 0.58 d 2.68 ae 5th day Bth day 
e 3.18 ed 16.15 b 
f 2.16 ed 8.64 be N 5.02 a 19.52 a 
g 1.19 ed 8.05 be p 2.70 b 11.02 b 
h 1.06 ed 5.92 e A 5.33 a 21.64 a 

Tables 7, 7a and 7b. Area of lesions (cm2) 4 and 6 days after inoculation. On hybrids. 

4th day 6th day 

N p A N p A 

a 1.08 a 0.63 a 0.79 a 6.4 a 4.17 a 7.20 a 
b 0 b 0 b 0 b 0 b 0 b 0 b 
e 0 b 0.06 b 0 b 0 b 0.34 b 0 b 
d 0 b 0 b 0 b 0 b 0 b 0.07 b 
e 0.03 b 0 b 0 b 0.15 b 0.07 b 0 b 
f 0 b 0,09 b 0, 11 b 0 b 0,70 b 0.65 b 
g 0 b 0 b 0.08 b 0 b 0 b 0.32 b 
h 0.03 b 0.13 b 0 b 0.56 b 0.82 b 0 b 

0.42 ab 0.17 b 0.06 b 2.6 b 1.57 ab 1.21 b 

Table 7a 

4th day 6th day 

a 0.83 a 5.92 a 
b 0 b 0 b 
e 0.02 b 0.11 b Table 7b 
d 0 b 0.02 b 
e 0.01 b 0.07 b 4th day 6th day 
f 0.07 b 0.91 b 
g 0.03 b 0.11 b N 0.17 a 1.08 a 
h 0.05 b 0.46 b p 0.12 a 0.85 a 

0.22 b 1.79 b A 0.11 a 1.05 a 
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P. nicotianae (N): 1,234,000/ml 

P. palmivora (P) :612,000/ml 

TREATMENTS 

a: Nias Yellow Dwarf (NYD) 

b: Bali Yellow Dwarf (BYD) 

c: Malayan Red Dwarf (MRD) 

d: Raja Brown Dwarf (RBD) 

e: Nias Green Dwarf (NGD) 

f: Jombang Green Dwarf UGD) 

g: Tebing Tinggi Green Dwarf (TG D) 

h: Salak Green Dwarf (SGD) 

Hybrids 

PROCEDURE 

10 replicates 
Zoospore densities: 

P. arecae (A): 21,000/ml 

P. nicotianae (N): 16,000/ml 

P. palmivora (P): 12,000/ml 

TREATMENTS 

a: Nias Yellow Dwarf (control) 

b: Kelapa Baru 1 

c: Kelapa Baru 2 

d: Kelapa Baru 3 

e: Kelapa Baru 4 

f: Khina 1 (Nias Yellow Dwarf x Tenga Tall) 

g: Khina 2 (Nias Yellow Dwarf x Bali Tall) 

h: Khina 3 (Ni as Yellow Dwarf x Palu Tall) 

i: Niwa (Nias Yellow Dwarf x West African Tall) 

Results 

The statistical analysis (analysis of variance, Tukey 
test after data transformation X ---> "1 X + 0.5 is 
carried out on the lesion area 5 to 8 days after 
inoculation for the Dwarfs and 4 and 6 days after 
inoculation for the hybrids. 

The results are shown in Tables 6 and 7. 

Discussion 

The results of the experiments on Dwarfs reveal 
the very clear susceptibility of the Nias Yellow 
Dwarf variety. The other Yellow or Red type 
varieties are also more susceptible than the Green 
type cultivars in particular. As regards the Raja 
Brown Dwarf, it proved tolerant in this test, but 
particularly susceptible in the field during the 
1991-1992 rainy season (Table 8). For the other 
varieties, the correlation between field observations 
and thisinitial laboratory test seems good. 

All in all, the difference in pathogenicity between 
the Phytophthora species cannot be evaluated due 
to the different zoospore concentrations in the 
inoculums. However, for the Malayan Red Dwarf 
and the Raja Brown Dwarf, even with a concentra
tion reduced by a half, P. palmivora proves to be as 
pathogenic as or more pathogenic than the other 
two species. 

As regards the hybrids, very few lesions appeared 
during this test. This confirms the field observations 
which reveal the good general tolerance of the 
hybrids as regards nut rot in Indonesia. The hybrid 
that seems to be the most susceptible is the NIWA. 

Table 8. Nut fal I during the 1991-1992 rainy season in the Mapanget collection 

NYD NGO BYD JGD TGD RBD 

Number of trees observed 78 36 53 57 49 44 
Mean number of bunches per tree 15.2 14.8 14.6 14.6 14.5 14.8 
% trees affected by nut fall 17.9 2.7 5.6 5.3 2.0 9 
Mean number of bunches attacked 1.4 1 1 1 1 
per affected tree 23.6 
mean % of nuts attacked per 14.3 17.5 7.5 12.5 14.3 
affected bunch 5.1 
% trees with rotten nuts in tree and 1.8 2 4.5 
nuts on ground 6.4 
% trees with rotten nuts on ground 5.6 3.5 10.2 2.2 
only 

Comment: Even though the NYD, BYD, JGD and RBD varieties were treated twice with Aliette CA, 60 ml per tree by root uptake in 
January 1991 and October 1991 , and only in October 1991 for the NGD and TGD varieties, the field observation results during the 
1991- 1992 rainy season confirmed the tendencies observed during the 1990-1991 rainy season. 
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It should be noted that in this test, the zoospore 
concentrations were quite low. However, the 
highest inoculum concentration (that of P. arecae) 
does not, overall, give the largest lesion areas (table 
7b). Nevertheless, using the Nias Yellow Dwarf as 
the control showed that the inoculum was indeed 
active. 

Conclusion 

The methods tested on young plants for an 
early assessment of any tolerance with respect to 
bud rot resulted in relative failure. Other methods 
are to be tested using a suspension of zoospores or 
mycelium from several Phytophthora species, with 
or without wounding in the axil of the inner or 
outer surface of the leaves. Conclusive results could 
then enable tests on a wide range of planting 
materials. 

Experiments on nuts showed that it was possible to 
reproduce the symptoms of nut rot caused by 
Phytophthora under conditions similar to natural 

conditions, i.e. using a suspension of zoospores 
and without wounding beforehand. However, an 
assessment of the planting material showed that this 
method is not infallible (case of the Raja Brown 
Dwarf). It is therefore necessary to repeat these tests 
on cultivars, adjusting the zoospore densities. 
Moreover, a finer analysis could be considered, 
taking into account the number of inoculation 
points that result in symptoms. 
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N otes on the incidence of Phytophthora infection 
on coconut cultivars in the Philippines 

E.C . CONCIBIDO-MANOHAR, R.G. ABAD 
Philippine Coconut Authority. Davao Research Center. P.O. Box 295. 
Bago Oshiro. Davao City. Philippines. 

Introduction 

The coconut palm is a major export earner for 
the Philippines. The crop provides income directly 
or indirectly to about one third of the population of 
the country. In this regard, replanting of old and 
senile coconuts is a major program of the 
government to increase the productivity of coconut 
farms . In line with this objective, an estimated 
500,000 hectares were replanted with MAWA 
hybrids (Malayan Yellow Dwarf x West African Tall) 
in the early 80's. However, the MAWA hybrid was 
found to be susceptible to bud rot infection. The 
death of thousands of palms revealed the potential 
threat of the disease to the country's coconut 
industry if the MAWA replanting program was 
pursued further. 

The Philippine Coconut Authority (PCA) is presently 
mandated to improve coconut productivity through 
fertilization and replanting programs. Along with 
proper cultural management, the present approach 
towards coconut rehabilitation is the production of 
high-yielding local hybrids adapted to local 
conditions and establishment of seed gardens as 
sources of seedlings. The program is underway with 
three local hybrids recommended initially. Although 
the hybrids are known to be adapted to local 
conditions , they have better agronomic (yield) 
potentials than the local tall varieties, susceptibility 

to Phytophthora infection might still pose an 
unforseen problem. 

It can be recalled that the vulnerability of MAWA to 
bud rot created epidemics where thousands of palms 
were killed, most of which were already at their 
peak of production. For instance, it was reported to 
PCA in 1989 that thousands of palms succumbed to 
the disease in the 629-hectare area MAWA 
plantation of the Alaya Development Corporation 
(MDC) in Davao del Sur. Apparently, the genetic 
uniformity of these large plantations in Mindanao 
was a predisposing factor to the development of 
large-scale epidemics (Guest, 1991 ). 

bud rot in the Philippines was first reported on local 
plantations by Reinking in 1919. However, the 
disease never reached epidemic proportions and 
was known to exist only in the highlands where 
climatic conditions are considered conducive to 
disease development. In the case of premature 
nutfall, Teodoro (1925) gave a detailed description 
of the disease and reported that it can be controlled 
by spraying with Bordeaux mixture. Since then, no 
report was made on the occurrence of the disease. 
However, in 1986, nutfall due to Phytophthora was 
reported to occur in the germplasm collection plots 
of PCA's Zamboanga Research Center (ZRC). It was 
first observed on Red Cameroon Dwarf plantations 
and later on the Malayan Red Dwarf and the 
Malayan Yellow Dwarf plots. Rillo and Paloma 
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(1988) claimed that the red- and yellow-colored 
populations are more susceptible to nutfall com
pared to the green-colored cultivars . Their report 
was based on the reaction of various populations 
planted in PCA's Albay Reseach Center (ARC) within 
a 5-year period. Planting of these new high-yielding 
hybrids was speculated to have been one if not the 
main factor that escalated the Phytophthora disease 
threat. 

Research on the Phytophthora 
disease problem 

More studies are needed on the pathology (host
parasite relationship) of Phytophthora, particularly 
varietal reactions of different coconut selections to 
the disease. The planting of various cultivars and 
promising hybrids in reported epidemic areas is 
hoped to provide useful information that can be 
used in selecting good planting materials for the 
replanting program. In the same manner, the existing 
MULTILOC trial , a component of the breeding 
program, should be fully exploited to gather useful 
data on the relative susceptibility and resistance of 
different promising entries to the disease. 

Cooperative endeavours by plant breeders and plant 
pathologists to explore the genetic basis of 
resistance, especially among the Dwarf lines, is 
important. The effort should come up with reliable 
assessment methods for determining reactions of 
various coconut cultivars to Phytophthora infection. 
Hence, this and appropriate inoculation techniques 
should be developed to obtain a standardized basis 
for resistance studies. 

It is necessary that comparative reactions of different 
cultivars/hybrids to artificial inoculation using 
detached and undetached nuts be considered . 

Indeed, observations on natural disease incidence 
among cultivars/hybrids under field conditions alone 
are unlikely to provide an effective database for 
decisions on breeding strategies involving horizontal 
resistance (Coffey, 1989). This author added that de
termination of the genetic basis for resistance 
especially in the Dwarf lines is necessary. It is 
essential to estimate the probable durability of 
resistance on the progeny . Since horizontal 
resistance is quantitative in its inheritance, it is 
expected that some progenies of diallele crosses 
should display additive traits. However, if the 
progenies segregate in Mendelian fashion, the 
resistance would be vertical. 

:mm The MULTILOC trials 
f:WF 
j~;m: 

l~i! The great risk in planting one or a few coconut 
il'ybrids on a large scale throughout the country has 
been pointed out earlier . An outbreak of one 
disease or insect pest could severely affect a 
coconut industry that depends on materials with a 
very narrow genetic base. This is exemplified in the 
case of the MAWA introduction in the Philippines 
and Indonesia. 

Thus, a feature of the MULTILOC program is the 
planting of several hybrids (or cultivars) throughout 
the country produced from introduced and local 
progenitors by several institutions here. Testing the 
material in different agro-climatic zones as well as 
determining their responses to major insect pests 
and diseases will provide information useful to 
decision-makers in the planting/replanting program. 
In this regard, a regular disease monitoring of bud 
rot/nutfall incidence was therefore integrated in the 
MULTILOC project. 

The planting of promising cultivars and hybrids 
from selected parent materials in nine different 

Table 1. Test materials evaluated and selected by the testing centers for MUTILOC trials 

Entry 

1. MYDxWAT Malayan Yellow Dwarf x West Africa Tall 
2. MYD x RIT = Malayan Yellow Dwarf x Rennel Is. Tall 
3. MRD x TAG Malayan Red Dwarf x Tagnanan Tall 
4. MRD x BAY = Malayan Red Dwarf x Baybay Tall 
5. MRD x RIT Malayan Red Dwarf x Rennell Tall 
6. MRD x HJT Malayan Red Dwarf x Hijo Tall 
7. CAM x BAY Camotes Green Dwarf x Baybay Tall 
8. PGD x LUP Pascual Green Dwarf x Lupisan Tall 
9. TAC x BAO Tacunan Green Dwarf x Bago-Oshiro Tall 
10. WAT x RIT West Africa Tall x Rennell ls. Tall 
11 . BAY Tall Baybay Tall 
12. TAG Tall Tagnanan Tall 
13. Local Tall Check 
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Table 2. Planting locations and dates for the 
MULTILOC trial 

location Date planted Area (ha) 

Piat, Cagayan July 1986 6.6 
Los Bafios,Laguna July 1986 5.5 
Guinobatan, Albay June 1986 5.8 
Mulanay, Quezon July 1986 6.6 
Carmen, Bohol July 1986 6.6 
Baybay, Leyte july 1986 5.5 
Mambuaya CDO June 1986 6.6 
Tagum, TRRC June 1986 5.5 
ZRC, Zamboanga June 1986 6.6 

locations nationwide should elicit vital information 
on the agronomic performance of the planting 
materials and their reaction to different Phyto
phthora isolates if there are pathogenic variations 
in different locations. 

The initial testing included a maximum of thirteen 
entries with the Local Tall in each area serving as 
check variety (Table 1 ). 

Hybrid production was done through hand
pollination. Baybay Tall seednuts were produced 
through assisted pollination at PCA-ZRC. Open 
pollinated seednuts of local cultivars from 
identified plantations served as local control. There 
were four replications per entry with a plot size of 
twenty-four palms per replicate in a randomized 
complete block design. Planting distance was 8.5 
meters (triangular system) in all locations. Proper 
cultural management was done regularly at all 
experimental sites. 

Table 3 shows the initial record of bud rot 
incidence at the Twin Rivers Research Center 
(TRRC) in Davao del Norte, UPLB (Laguna) and 
Mulanay (Quezon). The table reflects that hybrids 
crossed with MRD and MYD had the highest 
disease incidence. In general, crosses with dwarf 
parent materials were found to be mostly affected 
by bud rot. However, the percentage of disease 
development initially recorded at these three sites is 
so far not conclusive for the overall reactions of 
these test materials. 

Table 3. Number of bud rot cases at different MULTILOC sites 

Entry 

location Date Area (ha) MYDMYDMRD MRD MRDMRD CAM PGD TAC WAT BAY lOC. TAG Total 
Planted x x x x x x x x x x Tall 

WAT RIT TAG BAY RIT HJT BAY LUP BAO RIT 

Piat, Cagayan July 1986 6.6 no report 

UPLB, Laguna July 1986 5.5 2 0 0 0 0 0 0 6 

ARC, 
Guinobatan, 
Al bay June 1986 5.8 no report 

Mulanay, 
Quezon July 1986 6.6 6 4 2 2 5 2 0 0 2 2 5 30 

Carmen, Bahol July 1986 6.6 no incidence 

Yisca, Baybay, 
Leyte July 1986 5.5 no incidence 

Mambuaya, 
Cag. de Oro June 1986 6.6 no incidence 

TRRC, Tagum, 
N. Davao June 1986 5.5 3 4 6 3 4 2 5 2 32 

ZRC, 
San Ramon 

Z. City June 1986 6.6 no incidence 

total 55 11 5 4 7 11 6 0 4 2 0 4 7 7 68 
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Disease development in the 
germplasm collection (ZRC) 

ZRC is located at the southwestern tip of Mindanao 
where dry months are distinct from wet months. The 
average annual rainfall was recorded to be 1600 
mm which is predominantly between May and 
November. The other months are considered dry 
periods. Soil type is silty clay-loam with good 
drainage . The center maintains the largest 
germplasm collection in the country for use in 
breeding programs (83 collections and 42 hybrids). 

The earliest recordings of bud rot and nutfall in this 
germplasm collection plots were made in 1986, 
most of which were among dwarf cultivars. The data 
collected indicate the susceptibility of dwarf 
cultivars to both nutfall and bud rot diseases (94 
percent of the dwarf collections versus 50 percent 
among tails and hybrids) as shown in Table 4a. It 
was also observed that more than 13 percent of the 
"Aguinaldo" and "Baybay" Tall palm populations 
(local tails) succumbed to bud rot. Researchers of 
the Breeding and Genetics Division reported that 
high bud rot incidence was usually observed on 
hybrids involving the Malayan Red Dwarf, 
Cameroon Red Dwarf, Rennell Island Tall and 

Table 4a. Bud rot incidence at the germplasm collection in ZRC 

Number of cases 

Population Total No of palms 1991 1992 

No % No % 

CATx LAG 180 1 0.6 0 0.0 
CRDxWAT 130 1 0.8 0 0.0 
CATx BAY 168 0 0.0 1 0.6 
MYDxWAT 401 3 0.7 1 0.2 
MRD xTAG 22 0 0.0 3 13.6 
MAT x MYD 150 0 0.0 1 0.7 
BAO x CRD 90 1 1 .1 0 0.0 
BAYx CRD 90 1 1 .1 0 0.0 
RNL x GDS 120 1 0.8 0 0.0 
TAGxWAT 120 0 0.0 1 0.8 
TAG x RCD 60 0 0.0 1 1.7 
Aromatic 137 0 0.0 0.7 
Catigan 1115 0 0.0 3 0.3 
Banigan 96 0 0.0 1 1.0 
Galas 110 0 0.0 1 0.9 
RNL-A 565 1 0.2 0 0.0 
Magtuod 134 1 0.7 2 1.5 
MRD 488 0 0.0 4 0.8 
MYD 1557 0 0.0 3 0.2 
Macapuno 96 3 3.1 0 0.0 
Agta Tall 84 2 2.4 0 0.0 
SNR Tall 134 0 0.0 1 0.7 

Table 4b. Premature nut fall incidence at the germplasm collection in ZRC 

1991 1992 

Population Total No of Palms infected No of No of nuts Palms infected No of No of nutd 
Palm bunch infected bunch infected 

No % affected No % affected 

MRD 488 3 0.6 7 36 23 4.7 36 265 

MYD 1557 3 0.2 10 53 4 0.3 5 35 

Buswang 90 1 .1 4 34 0 0.0 0 0 
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Tagnanan Tall, with 10 percent disease 
development. Interestingly, it was noted that MAWA 
plots were relatively less affected by bud rot (5/671 
palms were infected). This may be attributed to the 
heterogeneity of the populations in the plot, which 
limits continuous spread of the disease, and possibly 
to the existing environmental factors (i .e. 
temperature, relative humidity and soil moisture) 
affecting the host/ pathogen compatibility to 
infection. Likewise, bud rot infected palms are 
immediately cut and burned upon notice to 
eliminate sources of inoculum and this was 
conjectured to have minimized disease incidence. 

In the case of nutfall, it was first observed on 
Cameroon Red Dwarfs in 1986 and later found to be 
present among the MRD and MYD populations. 
Recently, it was found to be severe (5 percent of 
nuts affected) on emasculated parent palms (Table 
4b) . This could have been due to contaminated 
cutting implements used during emasculation. The 
activity was temporarily stopped and routine 
treatments of Ridomil by root infusion (20 ml of 0.26 
percent a.i./tree every 6 months) were applied. 
Nutfall incidence was reported to be minimal 
thereafter. 

Varietal screening for disease 
resistance 

Varietal screening t r ials involving six cultiv
ars/hybrids were established in three selected 
epidemic areas in Mindanao and one site in Luzon. 
There were thirty palms per entry (10 
palms/replicate with 3 replications) using a 
randomized complete block design with a total of 
180 palms per area. 

The entries are: 

1. Malayan Red Dwarf (MRD) 

2. Malayan Yellow Dwarf x Rennell Tall (MYD x 
RIT) 

3. Tacunan Green Dwarf x Laguna Tall (TAC x LAG) 

4. Catigan Green Dwarf x Laguna Tall (CAT x LAG) 

5. Malayan Red Dwarf x Baybay Tall (MRD x BAY) 

6. Baybay Tall (BAY) 

The planting materials were provided by the 
Breeding and Genetics Division and the first 
planting was done in 1990. Regular indexing for bud 
rot incidence is being done on a quarterly basis. 
Results from this trial will augment the data that will 
be obtained from the MUL TILOC trials. 

Varietal reactions to artificial 
inoculation 

At present, evaluation of inoculation techniques 
using detached nuts is underway. Mechanical 
inoculation by wounding the nuts (single-drop 
technique) gave good results using three cultivars 
(Table 5). However, this technique eliminates the 
natural mode of ingress of the pathogen onto the 
epidermal tissues of the nuts which could feature 
one of the mechanisms of resistance that a host can 
exhibit. Wounding the healthy nut creates a point of 
entry by the pathogen which may not occur under 
field conditions. Thus, an inoculation technique 
without wounding was tried using naturally infected 
nuts collected from the field, placed in contact with 
healthy test nuts and kept in an isolation chamber to 
provide a saturated atmosphere. The preliminary 
trials proved to be effective as the method of 
inoculation allows the natural reaction of nuts to the 

Table 5. Nut reaction to mechanical inoculation (single drop technique) 1 

Days after inoculation 

Cultivar 1 2 3 4 5 6 7 8 9 
L w L w L w L w L w L w L w L w L w 

MRD 0.1 • 0.1· 0.6' o.5' 1.7' 1.8' 3.7' 3.7' 7.5' 7.6' 9 .8' 10.3' 11 .2· 11.7' l 3. l' 13.8' 14.5' l 4.8' 

MYD 0.1 ' 0.2' 0.5' 0.6' 1.5' 1.8' 3.2' 3.6' 6.0" 6.3· 8 .o· 1 o.o· 9.1 • 9.8' 8.9' 11 .8' 1 2.2· 1 3.1' 

WAT O. lb 0.1' 0.4' 0.4' 1.4' 1.5' 3.2' 3.3' 6.7' 5.8' 7.9' 9.1 • 9.9' 9.0' 11 b3' 11.8' 12.3' 12.8' 

CV% 30.4 58.4 52.8 32.1 27.0 28.4 21.4 25.8 26.2 30.4 33. l 27 .8 20.0 29.5 26.5 20.2 18.5 20.9 

1. Average of a 15 nut sample. Means with the same letter superscripts are not significantly different at the 5% level using Duncan's 
Multiple Range Test (DMTR). 

N.B./ L =length; W =width 
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Table 6. Results of inoculation without wound at room temperature: diameter of the lesion in mm* 

Days after inoculation 

Cultivar 2 3 4 5 6 7 8 9 

Malayan Yellow Dwarf 0.0' 0.0' 27.3' 46.9' 68.2' 87.2' 100.6' 112.9' 124.1 ' 

Malayan Red Dwarf 0.0' 0 .0' 24.5' 43.3' 67.1' 89.3' 108.6' 123.6' 137.1 ' 

Rennell Tall 0.0' 0.0' 9.4b 17.P 23.8b 30.4b 38.0b 43 .3b 48.8b 

C.V(%) 25.5 31.1 23.9 21 .8 19.6 20.2 19.1 

• Average of a 15 nut sample. Means with the same letter superscripts are not significantly different at the 5% level using Duncan 's 
Multiple Range Test (DMTR). 

disease close to the mode of infection occurring in 
the field. 

A routine test of pairing combinations (infected 
nut/test nut) using very susceptible varieties as nut 
inoculum (i.e. MRD, MYD and Mawa hybrid) and 
different varieties as test nuts is in progress. This 
would allow us to identify the best source of 
inoculum (infected nuts), that could yield consistent 
results in terms of infection potential and lesion 
ratings on test nuts. Infected MAWA hybrid nuts as 
source of inoculum yielded irregularly-shaped, 
water-soaked and brown patches on the epicarp of 
MRD test nuts. The symptoms were very close to 
natural symptoms observed in the field. Unlike 
inoculation by wounding, penetration of the 
pathogen can also be assessed according to the 
daily radial and depth increments of the lesion 
measured using a caliper which can serve as one 
criteria for determining the degree of resistance/ 
susceptibility of the nuts to Phytophthora infection. 
Table 6 shows the results of all trials conducted at 
DRC. The differences in the reactions of three 
selected cultivars (MRD, MYD and Rennell Tall) to 
unwounded inoculation using infected MAWA as 
source of inoculum can be a good basis for 
resistance and susceptibility assessment to nutfall 
disease . The tests shall be extended to other 
cultivars to compare varietal differences in reaction 
to the Phytophthora species associated with 
coconut. Trials are underway to study resistance 
sources and variations among species of 
Phytophthora used as natural inoculum for future 
breeding programs and formulation of feasible 
control strategies. 
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Resistance of coconuts to premature nutfall 
in relation to varieties and fruit age 
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Introduction 

Premature nutfall disease (PND) is an important 
coconut disease because all varieties and all nuts at 
any age might be affected. A decrease in production 
due to PND is observed in Indonesia, nearly 
everywhere where the hybrids PB 121 and local 
dwarf coconuts are planted. This is the case in Aceh, 
South Sumatra and North Sumatra (Brahmana and 
Desmier de Chenon, 1986; Benigno et al., 1988). 
The causal agent of this disease, Phytophthora 
palmivora (Butl.) was also reported by several 
authors (Benigno, 1976; Thampan, 1982; Bennet et 
al., 1985; Sitepu et al., 1988). 

PND does not kill the palm but substantially 
reduces production: up to 50 percent of the 
production. Even during the rainy season the loss of 
production can reach 75 percent according to 
Bennet et al. (1985). In the experimental seed 
garden of Paniki, North Sulawesi, the coconuts are 
partly unproductive and trees only produce for 2-5 
months due to the disease. 

Observations showed that the resistance of nuts to 
PND is variable. In Cote-d'Ivoire (West Africa), the 
susceptible coconut varieties are hybrids and local 
tall coconuts (Quillec et al., 1984). 

In North Sumatra, premature nutfall disease has 
been found on hybrids and on West African Tall 

coconuts, but other varieties such as Bali Tall, 
Tahiti and Rennell Tall have not yet been affected 
by PND (Brahquimana, 1984); in North Sulawesi, 
the susceptible varieties are hybrids and Nias 
Yellow Dwarf coconuts. Although other varieties 
are also affected, there is little to average damage 
(Bennet et al., 1986; Sitepu et al., 1989). 

From these different observations there is no 
general consensus indicating which varieties and at 
what age the nuts are more susceptible. Therefore 
more research is required to know more about the 
susceptibility of some varieties and the age of nuts. 
Further research could provide the possibility of 
finding techniques and strategies for the regulation 
of PND, in short or long term programs. 

Material and methods 

Our research was carried out in the following 
three separate phases: 

•growth of the fungus Phytophthora palmivora on 
medium from husk extract of eight coconut varie
ties at three different nut ages; 

• analysis of phenolic compounds on healthy and 
infected nuts; 

• intensity of the disease on nuts of three different 
ages from eight coconut varieties, in plastic bags. 
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Material 

During this research, nuts of eight different varieties 
were used: MYD x WAT, MRD x WAT, NYD x 
WAT, NYD x PT, NYD x BT, NYD x TI, SO and 
BT. On each variety three ages of nuts were taken: 
nuts of four months, seven months and ten months. 
The inoculum was the fungus Phytophthora 
palmivora isolated from PN D of nuts. It was 
multiplied on CMA for study of sporulation. Even 
this inoculum multiplied in plastic bags on the husk 
extract from MYD x WAT four month old nuts on 
average. The results were analysed with a random 
choice system using two factors, the coconut 
varieties and the three nut ages. 

Sporulation 

The inoculum of the fungus Phytophthora 
palmivora grew on the husk extract medium of 
eight varieties of nuts of three different ages. This 
medium was made according to the method given 
by the following authors (Kiraly et al. , 1974; Sitepu 
et al., 1987). According to the method, 1 00 ml of 
husk extract is used with 2 g Bacto in a 250 ml 
erlenmeyer. The sterilization in autoclave at 120°C, 
pressure 1.5 atm, took 20 minutes. 

Ten ml of each kind of extract medium was poured 
in a petri dish. An inoculum of 0.5 cm was placed 
in the middle. Sporangia and chlamydospora were 
observed under a microscope at about 100 x 
magnification and their dimensions in a cell of 1.82 
mm2. 

Disease intensity 

Eight varieties of nuts of three different ages were 
inoculated with Phytophthora palmivora in plastic 
bags. Inoculation was carried out by making about 
fifteen small wounds with a needle at the surface of 
the husk near the stalk. Then an inoculum of 0.5 
cm was placed in the wound. To avoid desiccation 
at the inoculation site, the inoculum was covered 
with a piece of wet cotton. 

The samples were kept in plastic bags closed with 
rubber bands. The humidity in the bag was 
constantly above 95 percent, which favours the 
infection and sporulation of the pathogen on the 
nut. 

The disease intensity was determined by areas of 
lesions on the surface and depth of infection inside 
the nut. 

Analysis of phenolic compounds 

Healthy and infected nuts of three ages from eight 
coconut varieties were compared . An infected nut 
has brown and black spots. 

Phenolic compounds were analysed according to 
the method of Suko and Shindo (1973) . The total 
phenolic and salicylic acid contents were analyzed 
by gas-liquid chromatography (Hitachi CC 630 
with Flame Ionization Detector). 

Results 

Sporulation of Phytophthora palmivora 

The results obtained on eight coconut varieties 
show significant differences between the density of 
sporangia, empty sporangia and chlamydospores 
according to the varieties tested. 

Table 1 shows that the highest numbers of 
sporangia and empty sporangia were obtained on 
MYD x WAT, but the highest number of 
chlamydospores was obtained on SD. The lowest 
number of empty sporangia was obtained on BT. 

Effect of fruit age 

Sporulation variations were correlated with the age 
of nuts. On the oldest nuts, the numbers of 
sporangia and empty sporangia were lower on 
older nuts than on younger nuts. It was the contrary 
for chlamydospores. 

Disease intensity 

Extent of the disease on eight coconut varie
ties after inoculation (lesion area and lesion 
depth) 

Table 3 shows the lesion area after sixteen days and 
the lesion depth after ten days inoculation. 

Table 3 indicates that the percentage of spots on 
the surface of nuts and their depths were less 
marked on the BT, NYD x PT and SO varieties. 

Effect of the age of nuts 

Significant differences in lesion area and lesion 
depth were observed (Table 4) according to the age 
of the fruits. 

Old fruits presented lower lesion areas and lesion 
depths than on younger fruits. 
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Table 1. Density of sporangia, empty sporangia and chlamydospores with husk extract medium on eight coconut 
varieties (density/mm2) 

Density/mm2* 

Variety Sporangia Empty sporangia Chlamydospores 

so 1 831 a** 11 660 ab** 14 714 d** 
NYD x TT 3 724 b 12 808 be 9 890 abc 
BT 4 213 b 9 516 a 11 231 c 
NYD x BT 5 555 c 14 434 cd 10 621 be 
NYD x PT 6 962 d 13 852 bed 9 951 abc 
NYDxWAT 6 714 d 16 027 d 10 132 abc 
MRD x WAT 9 401 e 21 929 e 8 731 ab 
MYDxWAT 9 456 e 24 095 e 7 934 a 

* Average of three replications for three MRD Malayan Red Dwarf PT Palu Tall 
ages of nuts TI Tenga Tall WAT West Africa Tall 
•• Number with the same letter on the NYD Nias Yellow Dwarf BT Bali Tall 

same column indicates no significant MYD Malayan Yellow Dwarf 
difference at the 5% level so Salak Darwf 

Table 2. Density of sporangia, empty sporangia and chlamydospores on coconut husk extract medium of nuts of three 
different ages 

Age nut (month) 

10 
7 
4 

2 632 
6 OOO 
9 267 

Sporangia 

a** 
b 
c 

•Average of three replications for three ages of nuts 

Table 3. Percentage of lesion area and lesion depth 

Density/mm2* 

Empty Sporangia Chlamydospores 

9 027 a** 13 692 a** 
14 555 b 9 962 b 
23 016 c 7 555 c 

•• Number with the same letter on the same column indicates 
no significant difference at the 5% level 

Variety lesion area lesion depth 

BT 16.16 
NYD x PT 21 .23 
so 21.36 
NYD x BT 23.27 
NYD xTT 23.49 
NYD xWAT 26.19 
MRDxWAT 32.00 
MYDxWAT 37.14 

*Average of four replications for three ages of nuts 

Table 4. Lesion areas and lesion depth at three different ages 

a** 27.37 a** 
b 35.75 b 
b 35.83 b 
be 36.31 b 
c 36.84 b 
d 42.24 c 
e 45 .70 c 
f 46.04 d 

** Number with the same letter on the same column indicates 
no significant difference at the 5% level 

Fruit age (month) lesion area lesion depth 

10 
7 
4 

*Average on four replications for three ages of nuts 

12.21 
20.93 
42.17 

a** 
b 
c 

28.18 
37.20 
49.02 

a** 
b 
c 

** Number with the same letter on the same column shows no 
significant difference at the 5% level 
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Table 5. Total phenolic and salicylic acid contents in the husk of healthy or infected nuts of eight varieties 

Total contents (ppm*)/nut 

Variety Phenolic acid Salicylic acid 

Healthy Infected Healthy Infected 

MYD x WAT 5.104 a* 6.349 
MRDxWAT 7.745 b 11.16 
NYD xWAT 9.728 c 11 .52 
NYD x BT 14.56 e 16.09 
SD 12.82 d 17.75 
NYD xTT 16.05 f 18.75 
NYD x PT 13.65 ed 19.76 
BT 21.85 g 40.35 

Average 12.692 17.602 

*Average of three fruit age levels 

a* 0.06015 b* 0.1746 b** 
b 0.04728 b 0.2203 c 
b 0.13050 d 0.2121 c 
c 0.07688 b 0.1476 ab 
d 0.028010 f 0.4709 g 
e 0.02295 a 0.2812 c 
f 0.14639 de 0.2812 c 
g 0.15404 e 0.3352 f 

0.1148 0.2475 

** Number followed by the same letter on the same column 
indicates no significant difference at the 5% level 

Table 6. Total phenolic and salicylic acid contents on three ages of healthy and infected nuts 

Total contents/nuts* 

Nut age (month) Phenolic acid Salicylic acid 

Healthy Infected Healthy Infected 

4 7.726 
7 12.29 
10 18.06 

Average 12.69 

*Average of eight varieties 

Phenolic compound 

Observations on eight coconut 
varieties 

a** 12.15 
b 18.85 
c 21.70 

17.60 

The results of this experiment (Table 5) showed that 
total phenolic and sal icylic acid contents on 
healthy and infected fruits of eight coconut varieties 
were significantly different. 

The total phenolic and salicylic acid contents on 
infected nuts were higher than on healthy fruits. On 
the different coconut varieties, the lowest phenolic 
content was observed on MYD x WAT, MRD x 
WAT and NYD x WAT, the highest on BT, NYD x 
PT and NYD x TT. 

a** 0.068 a** 0.106 a** 
c 3 c 3 b 
b 0.121 b 0.290 c 

6 0 
0.155 0.346 
4 1 

0.1148 0.3461 

** Number followed by the same letter on the same column 
indicates no significant difference at the 5% level 

The highest salicylic acid content was found on SD, 
BT, NYD x TT and NYD x PT; the lowest on MYD x 
WAT, NYD x BT and NYD x WAT. 

Effect of fruit age 

The total phenolic and salicylic acid contents 
extracted from husks of healthy and infected nuts of 
different ages were significantly different. 

Table 6 shows that the total phenolic and salicylic 
acid contents on infected fruits were higher than 
on healthy fruits. On the oldest nuts the total 
phenolic and salicylic acid contents were higher, 
on the youngest ones the phenolic content was 
lowest. 
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Discussion 

Susceptibility of the coconut varieties 

The sporulation of the fungus Phytophthora 
palmivora on husk extract medium of eight coconut 
varieties was different for each variety. 

In Table 1, the highest total for sporangia and 
empty sporangia was found on MYD x WAT and 
MRD x WAT, but the total chlamydospores was 
lower. Instead, the highest total chlamydospores 
was observed on SD and BT varieties, but in this 
case the total sporangia and empty sporangia was 
lower. 

Ribeiro (1983) said that the fungus Phytophthora 
palmivora on plants or unsuitable medium 
produces chlamydospores. Therefore husk extract 
media from SD and BT were not suitable for the 
fungus Phytophthora palmivora, but media from 
MYD x WAT and MRD x WAT were suitable for 
this fungus. 

We suspect that the difference in sporulation for 
the fungus Phytophthora palmivora on each husk 
extract was due to a difference in nutrient content. 
This is also mentioned in the study of Ribeiro who 
found that the difference in sporulation of the 
pathogen on medium or plant was related to a 
difference in nutrient, water, sterol, drainage, light, 
temperature and cation contents (Ca 2+, Fe2+, 
Mg2+, K+). 

loshikawa et al. (1976) reported by Ribeiro (1983) 
indicated that nutrient element on medium or plant 
can accelerate or delay sporulation of the fungus. 
Indeed the nutrient elements which can disturb or 
delay sporulation are citric acid, fumaric acid, 
aspartic acid, methionine and phenylalanine. 

The nutrient elements which can accelerate spo
rulation are succinic acid, malic acid, L. aspartic 
acid, glycine, histidine and lysin. 

The studies on sporulation (Table 1) and disease 
intensity (Table 3) showed that on SD and BT 
varieties, the total for sporangia and empty 
sporangia was low. The horizontal spot areas on 
the surface and the vertical spot depth were also 
low. But on MYD x WAT, MRD x WAT, NYD x 
WAT hybrids, the total for sporangia, empty 
sporangia, horizontal spot areas on the surface and 
infected areas inside was high. In a study of 
Mitchell and Kanwischer (1983), a similar result 
was found: the disease intensity of Phytophthora 
sporulation changes according to the medium or 
the plant. Indeed, sporulation and disease intensity 

were high on susceptible varieties, but on tolerant 
ones sporulation and disease intensity were low. 

In Table 5, the results showed that, in comparison 
to phenolic compound contents in infected and 
healthy fruits, total phenolic and salicylic acid on 
infected parts were higher than on healthy parts. 
This was also noted by Frank et al. (1970) who 
found that phenolic compounds are produced by 
interactions between the plant and the pathogen 
but not in healthy plants, or only in small 
amounts. The phenolic compounds therefore 
condition growth of the pathogen. 

Results of sporulation, disease intensity and 
phenolic compound contents on MYD x WAT, 
MRD x WAT and NYD x WAT in Tables 1, 3 and 5 
indicate that these varieties are especially 
susceptible to the disease due to their high total 
phenolic and salicylic acid conten ts favouring 
sporulation and disease intensity. This was also 
found in the research study of Kayamuro and Ono 
(1972) who found (reported by Ou, 1978) that an 
infection on resistant variety gives a quick response 
to phenolic compounds and brownish granules are 
produced which can disturb growth of the fungus 
on susceptible varieties. If the production of 
phenolic compounds is slow, growth of the fungus 
is more free and successful. 

Susceptibility as a function of fruit age 

Whatever the coconut varieties, the age of the fruit 
determines the type and total nutrients that favour 
or disturb sporulation of the pathogen, the 
intensity of the disease and the phenolic 
compound content. In Tables 2, 4, 6 the highest 
total for sporangia and empty sporangia was found 
with the husk extract medium of four month old 
fruits. 

For intensity of the diseases the highest percentage 
of horizontal spot area on the surface infected nuts 
and the part infected inside was observed on four 
month old fruits. Also the lowest phenolic 
compound content, the total phenolic and salicylic 
acid were found on four month old fruits. 

Phenolic compound and components are toxic 
substances to fungi bacteria, viruses, nematodes, 
animals or even other plants (Wheeler, 1974; 
Misaghi, 1982). Older fruits thus are more resistant 
to disease because the phenolic compound content 
is higher. In contrast the youngest fruits are 
susceptible to disease if the phenolic compound 
content is lower. 

Misaghi (1982) observed that the important enzyme 
in phenolic compounds is the polyphenolic oxy-
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dation enzyme whose content is determined by the 
age of the fruit. On young fruit, the polyphenolic 
oxydation enzyme content is very low, and the fruit 
is susceptible to disease. On older fruits , the 
polyphenolic oxydation enzyme content is high, 
then the phenolic compound content is high and the 
fruit is more resistant to disease. 

Rocha and Jimenez (1966), reported by Thorold 
(1975), mentioned that cocoa fruit resistance to 
Phytophthora palmivora is co rrelated with the 
phenolic substances present in the bark. Increasing 
the activity of polyphenolic oxydation in the plant 
induces a mechanism of resistance to the infection 
of microorganisms. Catalysis enzymes in the 
phenolic compound are obtained by polyphenolic 
oxydation. Generally, enzyme activity increases 
with the age of the plant. 

Conclusion 

According to the results obtained in this study 
on sporulation, disease intensity and phenolic 
content, we can draw the following conclusions: 

1. Coconut fruit resistance to premature nutfall 
disease is related to fruit age and varieties. Fruit 
age and varieties affect sporulation, disease 
intensity and phenolic compound content. 

2. On the plants the phenolic compound content 
in infected tissues is higher than on healthy 
ones. 

3. Out of eight coconut varieties, BT and SD 
varieties were more resistant to premature nut
fall disease than NYD x PT, NYD x BT, NYD x 
TT, NYD x WAT, MRD x WAT and MYD x 
WAT. On BT and SD varieties disease intensity 
was low, pathogen sporulation was also low but 
the total phenolic and salicylic acid contents 
were high. 

4. Considering the age of fruits, ten month old 
fruits were more resistant to premature nutfall 
than seven month old ones, and than four 
month old ones. 
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Introduction 

Phytophthora diseases were detected in Cote
d'Ivoire in 1977-78, in the southeast of the country, 
more particularly in the Samo region. Bud rot 
symptoms were the first to be observed on West 
African Tails, followed in 1982 by significant nutfall 
on the hybrids in surrounding commercial 
plantations (Quillec et al., 1984). 

A performance trial was set up at Samo in 1979 and 
1980 to compare different hybrids and ecotypes and 
supply basic information on any disease resistance. 

Immature nutfall caused by Phytophthora katsurae 
(first identified as P. hevea) was subsequently 
recorded on various types of planting material 
planted in genetic trials . It was also possible to 
obtain information in this case, which is 
summarized in this note. 

Recap of performance trial 
results 

These results were given in a previous article 
(Franqueville et al., 1989) and were covered by a 
paper given at the last meeting of partners in the 
STD2 project. 

For the record, the Samo performance trial compares 
21 ecotypes or hybrids between different ecotypes. 
The results obtained in 1990, both for immature 
nutfall and bud rot, are listed in Table 1 and largely 
confirm the data obtained previously. 

The MYD x PYT and MYD x RL T hybrids have 
remained free from bud rot. Under the conditions in 
Cote-d'Ivoire, the MYD x WAT (PB 121) is the most 
tolerant WAT hybrid. The EGD x WAT hybrid is 
susceptible to bud rot and immature nutfall, as is 
CRD x WAT. VTT, MLT and PYT progenies show a 
good level of tolerance with respect to both forms of 
the disease. 
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Table 1. Samo performance trial. Planting material 
performance with respect to bud rot and nutfall 
due to Phytophthora 

Material Bud rot% nutfall % 

MYO 5.0 1.3 
MRO 28.3 2.4 
CRO 13.3 4.2 

MYO x WAT 8.3 21.5 
MRO xWAT 20.0 14.2 
CRO xWAT 20.0 36.6 
EGO xWAT 31.7 37.2 

MYO x RLT 5.0 11.2 
MRO x RLT 15.0 6.9 
CROxRLT 6.7 11.0 

WATxRLT 8.3 7.7 

MYOxVTI 6.7 2.0 
VTixVTT 5.0 1.9 

MYO x MLT 0.0 4.7 
CRO x MLT 8.6 12.8 

VTixMLT 5.0 1.9 
MLTx MLT 1.8 3.3 

MYO x PYT 0.0 2.3 
MRO x PYT 3.3 5.3 

PBWAT 25.0 8.8 
SAMOWAT 20.9 2.9 

Phytophthora incidence in the 
genetic trials 

PB GC11 

This trial compares four hybrids (CRD x WAT, 
EGO x RL T, CRD x RL T and GYD x RL T) with a 
WAT control. The experimental design is in 
complete blocks with six replicates; the elementary 
plots comprise five adjacent rows of five trees. 

As individual observations were halted in June 1989, 
the data given here refer to the period 1984 to 1988. 

Although disease pressure differed from one year to 
the next, the hybrid classification in terms of 
susceptibility to Phytophthora remains unchanged. 
The significant susceptibility of the EGO x RLT cross 
is particularly worth noting, as it confirms the Green 
Dwarf susceptibility already detected. 

PB GC15 

This trial, planted in 1978 at a density of 160 trees/ 
ha, aims to improve the PB 121 (MYD x WAT) 
hybrid, the first between-ecotype hybrid extended 
by the Marc Delorme Station. Five MYD x WAT pro
genies, each obtained from a male parent, are being 
tested. A 4 x 4 balanced lattice design is used, with 
elementary plots of twelve trees. 

No trees have died from bud rot in this trial, but 
significant nut losses have been recorded. Since 
1984, monthly immature nutfall records have been 
kept. The table 3 gives nutfall percentages observed 
on the different progenies from 1984 to 1991. The 
data given are arithmetic mean ratios: the number of 
aborted nuts to the total number of nuts (healthy and 
aborted). Only the nuts on the ground showing typi
cal Phytophthora symptoms are counted as aborted. 

There are considerable variations in susceptibility to 
nutfall depending on the progenies tested. 
Cumulated over eight years, certain progenies lost 
34% of their nuts, whereas others only lost 4%. Of 
the three most productive progenies, two had the 
lowest nutfall rates: 4.2% for PB 2525 and 5.9% for 
PB 2528. Progeny PB 2526, the most productive, 
was sixth with 9.7% nutfall. 

The fact that the best progenies are also tolerant 
prompts a question: are these progenies really more 
productive or merely more tolerant of Phytophthora? 
In reply, it is possible to eliminate the effect of the 
disease by calculating theoretical production taking 
account of all the nuts, both healthy and aborted. In 
this case, PB 2526 comes in first place, and PB 2525 
and PB 2528 fall to fourth and fifth position. The con
trol obtained by assisted pollination falls to fifteenth 
place. Even in the absence of Phytophthora, the 
progenies chosen as productive would still be classed 
well, and considerably better than the control. 

Inoculation tests on nuts sampled from these families 
will make it possible to confirm the genetic origin of 
the resistance observed in progenies PB 2525 and 
PB 2528. 

Table 2. Trial PB GC 11: Nutfall percentages due to 
Phytophtera depending on planting material 

Planting 1984 1985 1986 1987 1988 
material 

WAT 0.6 3.9 4.9 4.3 3.8 
CRO xWAT 1.2 9.1 6.7 8.2 5.6 
EGO x RLT 1.3 10.6 7.9 15.2 7.9 
CRO x RLT 0.7 4.3 3.5 5.5 3.2 
MYO x RLT 0.7 3.1 3.8 5.6 3.1 

mean% 1 .1 6.3 5.6 7.7 3.9 
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Table 3. Trial PB GC 15: 1978 planting trends for nutfall percentages due to Phytophthora 

Progeny number 84 85 86 87 88 89 90 91 Cumul. 84-91 

PB 2525 0.5 7.5 3.1 2.5 4.5 6.1 3.6 4.8 4.2 
PB 2528 1.0 8.0 5.0 6.4 6.6 7.3 5.2 5.8 5.9 
PB 2513 4.9 9.8 6.5 5.6 7.2 11 .1 6.8 8.1 7.8 
(Control) 

PB 2524 3.3 16.2 8.7 8.4 8.7 14.5 6.3 9.1 9.6 
PB 2518 2.6 14.0 7.4 7.2 7.6 16.9 8.6 8.4 9.7 
PB 2526 3.7 12.5 9.0 6.5 12.9 12.7 6.2 10.3 9.7 
PB 2523 4.2 12.5 8.9 11.1 13.0 18.9 10.6 11.2 11.8 
PB 2520 4.1 15.0 11.6 11.0 18.3 21.7 10.9 12.2 13.9 
PB 2522 2.5 16.2 11.5 8.7 17.9 22.0 12.4 12.4 14.0 
PB 2519 6.2 13.0 12.4 12.3 18.2 22.7 15.6 17.8 15.5 
PB 2516 5.5 15.6 11.9 8.7 18.7 27. 1 15.5 21.4 16.7 
PB 2527 8.6 19.5 19.2 11.6 20.7 24.0 13.9 17.3 17.6 
PB 2521 5.8 24.2 20.9 16.8 15.3 24.9 14.1 16.3 18.0 
PB 2517 5.1 16.3 16.2 15.7 18.2 29.0 21.1 23.7 19.3 
PB 2514 7.0 16.2 16.4 20.5 22.0 25 .5 19.7 23.4 19.8 
PB 2515 13.9 34.3 33.7 26.8 38.5 46.6 36.5 37.1 34.4 

Cumulated 5.1 15.7 12.5 11.6 15.7 20.5 12.6 14.9 14.2 

Table 4. Trends for nutfall due to Phytophthora from 1986 to 1991 in trial PB GC1 6 

Nutfall percentage due to Phytophthora for four harvesting campaigns 

Progeniy number 86/87 87/88 

PB02580 0.0 0.0 
PB02577 0.0 0.1 
PB02581 0.0 1.0 
PB02572* 0.0 0.8 
PB02576 0.0 0.1 
PB02573 0.1 0.6 
PB02579* 0.1 0.8 
PB02574* 0.0 1.1 
PB02584 0.0 0.4 
PB02586 0.0 0.3 
PB02585 0.0 0.9 
PB02575 0.1 0.3 
PB02582 0.0 2.3 
PB02578 0.0 1.2 
PB02543 control 0.1 2.9 
PB02583 0.3 2.4 

Mean for the 1 5 WA T x RL T 0.1 0.8 
progenies 

Mean for the top 3(*) progenies 0.0 0.9 
from 5-1 0 years 

PB GC16 

This trial was set up with a view to improving the 
hybrid between the West African (WAT) and Rennell 
(RL T) Tai Is, one of the best Tai I x Tai I hybrids created 
at the Marc Delorme Station. Fifteen WAT x RLT 

88/89 89/90 90/91 mean 

0.2 0.2 0.1 0.1 
0.5 0.8 1.3 0.6 
0.3 1.6 0.6 0.8 
0.7 2.5 0.3 1.0 
0.5 2.6 1.1 1.1 
2.3 3.5 2.5 2.0 
2.7 4.1 1.2 2.0 
2.5 4.0 2.1 2.2 
1.2 7.6 3.0 3.0 
3.9 6.5 4.5 3.5 
6.6 5.7 4.1 3.9 
4.1 10.8 6.3 4.9 
5.9 9.3 5.1 5.0 
4.0 13.0 8.9 6.2 
6.8 16.7 9.2 7.5 
7.2 15.0 9.2 7.5 

2.9 5.8 3.2 2.9 

2.0 3.5 1.2 1.7 

progenies are being tested, along with a PB 121 
control. A design identical to that in PB GC15 was 
used. The planting density is 143 trees/hectare. 

In this trial, nutfall began at six years of age. No 
chemical treatments were carried out, but monthly 
records were kept. Table 4 shows the nutfall 
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percentages observed for the different progenies 
from 1986 to 1991. The data given are mean ratios: 
the number of aborted nuts to the total number of 
nuts (healthy and aborted). 

The disease progressed from six to nine years. The 
mean nutfall rate for WAT x RLT progen ies in
creased from 0.1 to 5.8%. At ten years, the rate fell 
back slightly, probably due to lower mean relative 
humidity. No cases of bud rot have been observed 
to date. 

There are significant differences between the 
materials tested. In the ninth year, the WAT x RLT 
progenies had nutfall rates of between 0.2 and 15%. 
The PB 121 control performed like the most 
susceptible WAT x RL T progeny. The most 
productive progenies showed a slightly better than 
average level of tolerance. However, disease 
pressure remained limited, since the most tolerant 
progenies were not the most productive . 
Furthermore, progeny PB 2574, which was first 
before the disease appeared, continued at an 
excellent level. The pressure exerted by the disease 
does not provide a satisfactory explanation of the 
poor performance of the control when adult either. 
In effect, on average from 9-10 years, the control 
produced 16.7% less than the mean for the 
WAT x RLT progenies. The difference for nutfall is 
only 8.5%. 

PB GC18 

This trial is testing the combining ability of the 
Tagnanan Tall (TNT) from the Philippines, with the 
Malayan Yellow (MYD), Malayan Red (MRD), Equa
torial Guinea Green (EGD) and Cameroon Red (CRD) 
Dwarfs. The four hybrids - MYD x TNT, MRD x TNT, 
EGD x TNT and CRD x TNT - are compared with a 
MYD x WAT (PB 121) control . The experimental 
design is complete blocks of six replicates, with 

elementary plots of twenty-four trees (two rows of 
12). The planting density is 160 trees/ha. 

Table 5 shows healthy nut production and nutfall 
caused by Phytophthora over the past two seasons. 

At ten years, two hybrids - MYD x TNT and MRD 
x TNT - were statistically superior to the control 
(taking account of better nut composition in hybrids), 
with yields of more than six tonnes of copra per 
hectare; the gap was maintained at eleven years. 

The poor performance of the PB 1 21 hybrid was 
partly due to its greater susceptibility to Phy
tophthora: the control showed 13.7% nutfall at ten 
years, whereas the MRD x TNT and MYD x TNT 
hybrids only lost 0.7% of nuts on average over the 
two seasons. The EGD x TNT hybrid is slightly more 
susceptible, with 2.3% losses over the same period. 

PB GC22 

This trial was set up in 1979 to compare combina
tions between the two Panama Tall origins GPA 1 
and GPA2 and the Malayan Yellow (MYD) and 
Cameroon Red (CRD) Dwarf ecotypes with the 
PB 121 control. The hybrids were planted at a 
density of 160 trees/ha, in a complete block design 
with six replicates. Each elementary plot comprises 
two rows of 12 trees. 

The production data are also given in Table 5. By 
the end of 1990, Ph y tophthora had caused 
8.5% nutfall on the PB 121 control, as against only 
1.2% for the MYD x PAT hybrid. At eleven years, 
however, the Phytophthora effect weakened slightly, 
with the two hybrids showing 5.1 and 0.3% nutfall 
respectively. 

The main merit of the MYD x PAT hybrid is its 
supposed tolerance of lethal yellowing. In the 
absence of the disease, its performance remained 
lower than that of the PB 121 up to nine years. At 

Table 5. Production and nutfall due to Phytophthora at 10 and 11 years in trials PB-GC 18 and PB-GC 22 

Hybrids tested 1989/90 season (10 years) 1990/91 season (11 years) 

Healthy nuts % nutfall Healthy nuts % nutfall 

Trial PBGC 18 
MYD x WAT control 144.2 13.8 126.3 9.9 
MYD x TNT 151 .7 1.0 124.9 0.5 
CRD x TNT 120.7 0.9 90.7 0.5 
MRD xTNT 137.5 0.7 113.0 0.7 
EGO x TNT 112.8 2.7 91.1 2.0 

Trial PBGC22 
MYD x WA T control 151.2 8.5 139.0 5.1 
MYD x PAT 141 .1 1.2 118.2 0.3 
CRD x PAT 88 .9 2.5 65.9 0.6 
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ten and eleven years, production levels were 
equivalent, despite PB 121 's greater susceptibility to 
Phytophthora . The trial is being continued to 
confirm the potential of the MYD x PAT hybrid. 

Conclusion 

The detection of sources of resistance to bud rot 
and/or nutfall means that it will eventually be 
possible to offer growers material bred for its 
performance with respect to the disease and draw 
up a genetic control strategy, notably involving 
improvement of PB 121 hybrid performance by only 
keeping those parents and their progenies that are 
seen to transmit high resistance potential. 

The information obtained from field observations 
can also be used as references when setting up 
pathogen inoculation tests, in which the widest 
possible range of resistance and susceptibility to 
Phytophthora diseases should be represented, in 
order to provide a reliable validation of the results. 
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Introduction 

Comparative tests revealed the effectiveness of 
two systemic fungicides: Fosetyl Aluminium 
(Aliette) and Metalaxyl (Ridomil) on bud rot in West 
African Tall (WAT) coconuts. Following these trials, 
Fosetyl-AI, which is effective against both bud rot 
and immature nutfall, was recommended on the 
Palmindustrie plantations. However, imponderable 
questions still remain: optimum economic dose, 
remanent effect, application date. 

We therefore undertook more detailed studies of 
this fungicide to provide an answer to all these 
questions. 

Material and methods 

Experimental design 

The design was in Fisher blocks with five replicates 
and a hundred coconut palms per treatment. The 
experimental units were separated from each other 
by neutral rows. 

The experiment covered an area of 16 ha. The 
treatment was repeated three months after the first 

application. The trial began on 281h December 
1984. 

Preparation of fungicide suspension 

Fosetyl-AI (Aliette at 80% a.i.) was applied in 
suspension form at a rate of 20 ml/tree. 

The concentrations were adjusted so as to apply 4, 
6 or 8 g of commercial product per tree. The 
untreated control plots were the same size as the 
treated plots. 

Fungicide application technique 

The fungicide was injected into the stem through 
two holes made with an electric drill fitted with a 
12 mm diameter bit. The holes sloped downwards 
and were diametrically opposite each other. 

The product was injected into each hole with a 
syringe. After injection, the hole was closed off 
with a rubber bung and daubed with flintkote. 

Measurement of effectiveness involved weekly 
phytosanitary checks during which the fallen nuts 
were counted. The nutfall rates were calculated in 
the treated plots and control plots and the following 
was deduced: 

- Aliette response time; 
- remanent effect; 
- minimum effective dose. 
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Results 

Evolution of nutfall caused by 
Phytophthora heveae 

EPIDEMIC NATURE OF THE DISEASE 

Figure 1 shows the cumulated rotten nutfall in the 
control treatment. 

NUTFALL DEVELOPMENT DEPENDING ON RAINFALL 

The mean weekly nutfall rate was calculated 
(percentage of rotten nuts compared to the total 
nuts observed, all nutfall combined, during the 
trial). The means of the five replicates of the control 
plots were used to plot the curves for rot evolution 
and establish a relationship with the rainfall curves 
(Fig. 2). 

The fit of these two curves (curves for nutfall rate 
evolution and rainfall per ten-day period) revealed 
a relationship between rainfall peaks and disease 
peaks, slightly staggered during the main rainy 
season from March to July 1985. The disease 
regressed during the dry season. 

NUT ROT DEVELOPMENT IN PLOTS TREATED WITH ALIETTE 

Changes in the cumulated mean percentages for 
weekly nutfall recorded in the plots treated with 
Aliette (8 g of commercial product per palm) were 
compared to that for the cumulated percentages in 
the control plots (Fig. 3). The increase in the 
number of diseased nuts in the treated plots was 
found to be very slight, with a clear decrease in the 
epidemic. 

Plotting the curves for disease development in the 
treated and untreated plots on the same graph (Fig. 
4) revealed that fungicide action was quite rapid. 

The curves for nutfall in the treated plots can be 
divided into three parts: 

- the first where the curves for the treated and 
control plots show the same trend and reveal 
almost the same nutfall levels, 

- the second where the nutfall curves for the treated 
plots clearly stand out from those of the untreated 
plots, 

- the third where the different curves meet. This 
corresponds to an increase in nutfall in the treated 
plots. 

The weekly nutfall rates, corresponding to these 
different phases, were analyzed statistically. 

Although care was taken to consider the same 
number of trees per experimental plot, the variable 

productivity in the plots and mortality due to 
meristem rot meant that the analysis could not be 
carried out directly on the raw data, but on the 
percentages after arc sine transformation of the 
square roots. 

A comparison of the means by an analysis of 
variance after transformation showed that the 
difference between the nutfall rates in the treated 
and untreated plots was significant from the fourth 
week after treatment (Annex 1 ). When the analysis 
was carried out on cumulated data, this difference 
occurred one week later (Annex 2). The time 
between the treatment date (85/12/28) and the date 
on which fungicide action became significant 
(85/01/25) is called the response time. 

This difference remained significant up to 86/10/27, 
i.e. for twenty-two months (Annex 3). 

Variation in Aliette effectiveness 
according to application date 

The results of trials spread throughout the year 
enabled the most appropriate period to be chosen 
for fungicide use. 

COMPARISON OF RESPONSE TIMES 

As previously, the weekly nutfall means were used 
to plot the disease development curves for the 
different plots (treated and untreated) and for the 
different trials set up at different dates under the 
same experimental conditions as the first. 
Examination of the different curves showed the 
different phases of the disease under natural 
conditions. 

The response time was seven to eight weeks for the 
treatments carried out in March and June (Fig. 5 
and 6) and from three to four weeks for that in 
September (Fig. 7). 

These observations were confirmed by analyses of 
variance. It should be noted that December and 
March correspond to dry periods (long and short 
dry seasons respectively) and those from September 
to June to rainy periods in southern Cote-d'Ivoire. 

The disease is at its peak during the rainy period 
from June to July. For this reason, treatments with 
an endotherapeutic product injected into the tissues 
at the beginning of the rainy season would be 
recommended. In fact, the observations revealed 
the opposite, given that treatments in the dry 
season led to shorter response times than those 
carried out in the rainy season. Faced with such 
situations, it seems necessary to take into account 
the remanent effect of the fungicide when choosing 
the treatment date. 
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Comparison of remanent effects 

The remanent effect for the treatment on 84/12/28 
was evaluated at twenty-nine months, following an 
economic calculation carried out on the data from 
our observations. 

The same observations were continued with the 
other three trials . The weekly nutfall rate 
development curves for the treated plots also reveal 
the trend of the curves showing the fungicide effect. 
However, the period over which the second phase 
relative to the remanent effect extends varies from 
one graph to the next. 

Thus, the remanent effect of Aliette would appear 
to be shorter with the treatment on 85/09/04 in 
block Bl 2 (Fig. 7); it is followed by that on 85/6/6 
in B7 (Fig. 6) and that on 85/04/28 (Fig. 5). 

A comparison of the nutfall rate means after arc 
sine transformation of the square roots by an 
analysis of variance confirmed these observations. 

Thus for the different treatments, after analysis of 
variance, the remanent effect lasted: 

- eighteen months for A2; 
- seventeen months for B7; 
- thirteen months for Bl 2. 

The economic calculations carried out on data 
from these latter three trials gave results that 
contradicted those obtained in the first trial. The 
duration of cost-effectiveness was shorter than the 
experimental remanent effect. It was eighteen 
months for trial A2, twelve months for trial B7 and 
six months for trial Bl 2, as described in Annex 4. 

Given the results of our work, we were able to 
choose the application date for this fungicide on 
good grounds. 

The best time for treatment was the end of 
December when the response time was short, the 
remanent effect long and cost-effectiveness good, 
as i llustrated below (next section). 

Treatment cost-effectiveness 

The treatment cost-effectiveness levels in the trial 
plots were based on: 

- the cost of treatment per hectare 
- the price of a kilogramme of copra 
- the quantity of copra per nut 
- the duration of the trial 

= et/ha 
pkc 

= qc/n 
= n 

These data can be used to calculate the number of 
rotten nuts (critical number= cN) per hectare under 
which treatment leads to no profit margin; the 
formula is as follows: 

et/ha 
cN = 

pkc*qcn*n 

This formula, when applied to our data, gives the 
following results expressed as the number of nuts 
per month: 

- et/ha = F 10,700 
- pkc = F 70 
- qcn = 0.1669 kg/nut 
- n = 29 months (from 84/12/28 to 87/06/03) 
- cN = 31 nuts/ha/month (according to the formula) 

Reduced to the experimental unit of 100 coconut 
palms (one hectare comprising a hundred and fifty 
palms), this value corresponds to twenty nuts for a 
hundred coconut palms. Over this threshold, 
treatment becomes cost-effective. 

Conclusion 

Our observations revealed a relationship 
between nutfall and rainfall , as already observed. 
This was clearly established in the case of 
Phytophthora palmivora attacks on cocoa pods. 

In the case of coconut, nutfall severity during the 
rainy seasons is shown in Figure 2. Rainfall seems 
to be one of the essenti a I c Ii mati c factors for 
triggering Phytophthora heveae rot development in 
coconut. 

The link between the disease and rainfall poses 
problems for fungicide spray treatment, hence the 
value of systemic products injected into the tissue. 

Aliette has good properties, but it has to be used at 
the right period its full potential to be expressed. 
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Annex 1 

Table a. Analysis of nutfall rates 

Data after arc sine v% transformation 

Replicates Treatments 

c 4g 6g 8g 

28.86 29.67 13.18 26.85 
2 58.82 35.24 42.42 28.93 
3 51.71 31.69 31.37 24.58 
4 41.27 32.77 26.99 27.28 
5 45.75 31.69 32.33 44.14 

Mean 45.3 32.2 29.3 30.4 

Table b. Statistical analysis on transformed data in block 
C2 

origin of SSD DF F value F 0.05 
variance 

Total 2054.813 
Replicate 663.115 4 3.038 3.25 
Treatments 829.474 3 5.901 3.48 
Residual 562.224 12 

Annex 2 

Table a. Effect of Al iette doses 5 weeks after treatment 
(cumulated means) 

Data after arc sine transformation 

Replicates Treatments 

c 4g 6g 8g 

28.93 28.66 28.79 27.90 
2 46.20 31.44 41.50 30.00 
3 43 .62 37.11 35.30 30.33 
4 34.08 25.48 24.80 27.28 
5 37.76 27.69 28.86 38.17 
Mean 30.12 30.08 31.85 30.57 

Table b. Effect of Aliette doses 5 weeks after treatment. 
Analysis of variance (on cumulated means) 

Statistical analysis 

Origin of Sum of the 
variance squares of 

Total 
Replicate 
Treatments 
Residual 

the differences 

738.08 
312.140 
207.371 
218.570 

DF 

4 
3 

12 

(*) There is a treatment effect 

Annex 3 

F value 

2.748 
3.795 (*) 

F 0.05 

3.25 
3.48 

Table a. Data after arc sine V% transformation for nutfall 
rates twenty-two months after treatment in block C2 

Data after arc sine ..f"/o transformation 

Replicates Treatments Means 

c 4g 6g 8g 

5.13 4.44 4.80 4.49 4.70 
2 1.99 5.44 3.63 5.13 4.04 
3 4.44 4.44 2.69 4.44 4.00 
4 5.13 5.13 7.27 6.29 5.95 
5 7.92 4.05 4.80 5.13 5.47 

Means 4.92 4.70 4.63 5.64 

Table b. Statistical analysis on transformed data in 
block C2 

Statistical analysis 

Origin of Sum of the DF F value F 0.05 F 0,01 
variance squares of 

the differences 

Total 33.91 19 
Replicate 11.97 4 1.68 3.49 5.95 
Treatments 0.63 3 0.11 3.26 5.41 
Residual 21.29 12 

(*) There is no treatment effect 
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Annex 4 

Table 1 Recap of Aliette properties when used on different dates in the year 

Trial number 

Trial No 1 
Trial No 2 
Trial No 3 
Trial No 4 

10 -

5 -

Set-up date Response time 

28/12/84 4 
28/03/85 8 
06/06/85 7 
04/09/85 3 

weekly cumulated% of rotten nuts 

Remanent effect Critical number of nuts 
(nuts/ha/month) 

22 months 31 
19 months 34 
17 months 37 
13 months 43 

,' Controls 

,-" 
I 

I 
I 

, , ,, 

,,,,,"" 

I 

"'" 

I 
/ 

,,,."' 

4/1/85 

/ ,. 
I 

I 
/ 

,. I 

--
I 

,/ 
,/ 

I 

I 

3/5/ 

/ 
,1 

I 
I 

I 
I 

I 
I 

I 
I 

I 

, 

I 

6/9/ 
I 

27/12 

Trial cost-effectiveness 
(in months) 

29 at least 
18 
12 
6 

Dates (weeks) 

Figure 1 Curves for the cumulated weekly nutfall percentages for rotten nuts (in the control plot 5) 
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Figure 2. Time-course of nutfall relation to rainfall 
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Figure 3. Comparative curves for the cumulated weekly nutfall percentages for rotten nuts in the control 
plots and in plots treated with 8 g of commercial product per palm 
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Figure 5. Time course of nutfall (in A2 treated at the end of March 1985) 
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Chemical control of coconut Phytophthora diseases 
in North Sulawesi, Indonesia 

H.F.J. MOTULO, J.M. THEVENIN, 5. KHARIE 
Balai Penelitian Kelapa (BALITKA). PO Box 1004. Manado 95001 . Indonesia 

Introduction 

Phytophthora diseases can cause severe 
damage on coconut. In Indonesia, losses due to 
immature nutfall have been estimated at 50% on 
Nias Yellow Dwarf in the Paniki seed garden 
(Bennet et al., 1985), whilst damage due to bud rot 
can reach 40% on certain smallholdings planted 
with the PB 121 (Nias Yellow Dwarf x West African 
Tall) hybrid (Thevenin, 1992). In Cote-d'Ivoire, 
according to Quillec et al. (1984), 50% mortality 
can be seen on Local Tall Coconuts within a few 
years on certain smallholdings, and 10 to 25% 
premature nutfall is recorded each year on Yellow 
Dwarf x WAT hybrids (de Franqueville and Renard, 
1989). 

In the case of bud rot, preventive control is 
required, due to the late appearance of symptoms. 
The first trials carried out by the Manado Coconut 
Research Centre, Indonesia, gave inconsistent 
results as regards the use of Aliette liquid formula 
by root uptake (Kharie et al., 1992, Motulo et al., 
1992, Warokka et al., 1992), whereas very good 
results were obtained in Cote-d'Ivoire with Aliette 
in wettable powder form, by stem injection. This 
paper gives the results of new trials set up in 1991-
1992 to test two treatment methods and several 
fungicides. 

Material and method 

Treatment methods 

Root uptake: the roots used for root uptake should 
still be active. Roots brownish-red in colour, 
around 1 cm in diameter are chosen, 50-100 cm 
from the coconut stem. A space is cleared around 
the root, which is then cleaned and inserted into a 
plastic bag containing the fungicide solution. Care 
should be taken to ensure that the tip of the root is 
in contact with the bottom of the bag, hence that 
all the solution is taken up; to this end, the root 
often has to be held in place with a small piece of 
bamboo. Uptake should be monitored regularly 
and the root changed if necessary. 

Stem injection: using a self-propelled drill, holes 
5 cm deep and 12 mm in diameter are bored 
around 1 m from the ground. Once the solution is 
injected, the hole is sealed with a wooden plug 
impregnated with insecticide (Monocrotophos). 

Monitoring fungicide migration 

To check for the presence of fungicide in nut husks 
(protection against nut rot), artificial inoculation tests 
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were carried out in the laboratory, on immature 6-
month-o Id nuts; the tests used a suspension of 
zoospores and mycelium isolated from nutfall, 
cultured for 15 days on a PCA medium (20 g of 
potato, 20 g of carrot, 20 g of agar per litre). The 
nuts were wounded slightly using a needle and the 
drop of inoculum was covered with adhesive tape, 
creating a mini damp chamber. A statistical analysis 
(analysis of variance) was carried out on the area of 
the symptoms observed, using Tukey's test, after 
data transformation (x --> v'[x + 0.5]). 

Trials set up 

See the list of products used in Table 1. 

• Trial 1: test of fungicides and treatment methods 

Site: Tetey/Kolongan, North Sulawesi 

Planting year: 1984 

Design: 

Treatments: 

26.5% bud rot at the time of 
treatment at Tetey and 14.1 % at 
Kolongan 

Application date: June 1991 

2 factors, 5 replicates 

Elementary plot: 10 trees 

Factor 1: Product 

A - Aliette 80 WP, 10 g a.i. 

B - Aliette 100 CA, 10 g a.i . 

C - Ridomil 35 SD, 10 g a.i. 

D - Phosphorous acid 14% (buffered), 7 g a.i. 

E - Control 

Factor 2: Application method 

T - stem injection 

R - root uptake 

• Trial 2: test of phosphorous acid-based products 

Site: Koka, North Sulawesi 

Planting year: 1983 

Design: 

Treatments: 

31 .1 % bud rot at the time of 
treatment 

Application date: June 1991, by stem 
injection 

Randomized blocks, 5 replicates 

1 0 trees per elementary plot 

A - Aliette 80 WP, 6 g a.i. 

B - Phosphorous acid 14% (buffered), 4.2 g a.i. 

C - Foli-r-fos, 4 g a.i. 

D - Foli -r-fos, 8 g a.i. 

E - Foli-r-fos, 12 g a.i. 

F - Control 

• Trial 3: treatment period influence 

Site: Pinilih, North Sulawesi 

Planting year: 1984 

Design: 

Treatments: 

19.3% bud rot at the time of 
treatment in July 

Application dates: July 1991 
(dry season) 

December 1991 (rainy season) 

Stem injection 

Randomized blocks, 5 replicates 

10 trees per elementary plot 

A - Aliette 80 WP, 6 g a.i., rainy season 

B - Aliette 80 WP, 6 g a.i., dry season 

C - Aliette 80 WP, 3 g a.i., dry season and 

3 g a.i., rainy season 

D - Phosphorous acid, 4.2 g a.i., rainy season 

E - Phosphorous acid, 4 .2 g a.i., dry season 

F - Phosphorous acid, 2.1 g a.i., dry season and 

2.1 g a.i., rainy season 

G - Control 

• Trial 4: use of high doses of Aliette 

Site: Warisa, North Sulawesi 

Planting year: 1984 

32.3% bud rot at the time of 
treatment 

Application date: April 1992 

Design: Split-plot, 55 replicates 

1 tree per elementary plot 

Treatments: 

Factor 1: application method 

R - root uptake (Aliette 100 CA) 

T - stem injection (Aliette 80 WP) 

Factor 2: Aliette dose 

A- Control 

B - Aliette 10 g a.i. 

C - Aliette 15 g a.i . 

D - Aliette 20 g a.i. 

• Trial 5: Aliette persistence in the nuts 

Site: Tetey, North Sulawesi 

Planting year: 1983 

Design: 

Treatments: 

C - Control 

Application date: 14th August 1991 

Randomized blocks, 10 replicates 

1 tree per elementary plot 

R - root uptake, Aliette CA, 20 g a.i. 

T - stem injection, Aliette WP, 20 g a.i. 
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Table 1. Products and methods used 

Active Commercial Dose of 
ingredient product a.i. 
(a.i.) (c.p.) 

3 
6 

Aliette 10 
80WP 

Fosetyl 15 
aluminium 20 

Aliette 10 
100 CA 15 

20 

Metalaxyl Ridomil 
35 SD 10 

Foli-r-fos 4 
400 8 

Phosphorous 12 
acid 

Buffered 2.1 
phosphorous 4.2 
acid 14 % 7 

Results and discussion 

Preliminary comments on root uptake: 

Root uptake was inconsistent from one product to 
another and from one tree to another for a given 
product. 

The liquid formulas such as Aliette CA, Foli-r-fos 
and neat phosphorous acid were generally absorbed 
rapidly, provided the roots chosen were still active 
and in good condition. In the case of Aliette WP 
(although the wettable powder form was used) and 
of Ridomil SD, the liquid phase was absorbed 
whereas the solid part was left at the bottom of the 
bag. Consequently, these two formulas are not 
recommended for root uptake. 

Furthermore, differences in uptake were also seen 
from one tree to another for a given product, such as 
Aliette CA; the tree's physiological state and root 
condition, along with bag installation, are 
undoubtedly the main factors affecting uptake. 

Trial 1: results are given in Table 2. 

In this trial, the total number of coconut palms 
affected in the case of root uptake was lower than 
with stem injection. However, there was no 
difference between the control plots and the treated 
plots. 

Trial 2: results are given in Table 3. 

In September 1992, i.e. 15 months after treatment, 
there was a clear distinction between the control 
plot and the treated plots, but there was no 
difference between the products used. 

Trial 3: results are given in Table 4. 

Dose of solution/ treatment 
c.p. method 

3.75 g 15 ml 1 hole 
7.5 g 30 ml 2 holes 
12.5 g 60ml 3 holes or 1 root 

30 ml 2 holes 
18.75 g 45 ml 3 holes 
25 g 60 ml 4 holes 

100 ml 2 roots or 3 holes 
150 ml neat 3 roots 
200 ml 4 roots 

28.6 g 60ml 3 holes or 1 root 

10 ml 1 hole 
20ml neat 1 hole 
30ml 2 holes 

15 ml 1 hole 
30ml neat 2 holes 
50ml 3 holes or 1 root 

Here again, the control plot had slightly more new 
cases than the treated plots, except for treatment C. 
14 months after the first application, there did not 
seem to be any difference between Aliette and 

Table 2. Number of coconut palms affected by bud 
rot at Tetey/Kolongan (cumulated) 

Treatment 91/09 91/12 92/03 92/06 92/09 

Stem injection 
A 2 3 5 7 
B 2 2 2 4 6 
c 1 1 2 2 3 
D 0 0 1 1 1 
E 2 2 2 2 5 

Root uptake 
A 0 0 
B 1 2 
c 0 2 2 2 4 
D 2 2 2 2 2 
E 1 1 1 1 2 

phosphorous acid or between dry season and rainy 
Table 3. Number of coconut palms affected by bud 
rot at koka (cumulated) 

Treatment 91/09 12/91 03/92 06/92 09/92 

A 0 2 3 3 3 
B 1 2 2 2 2 
c 2 2 2 2 2 
D 0 1 1 1 1 
E 1 2 2 2 3 
F 0 1 2 3 7 
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Table 4. Number of coconut palms affected by bud 
rot at Pinilih (cumulated) 

Treatment 91/09 91/12 92/03 92/03 92/09 

A 2 2 3 3 
B 2 2 2 2 2 
c 3 7 7 8 10 
D 1 4 4 4 4 
E 0 0 0 0 3 
F 3 3 3 3 4 
G 1 4 7 

Table 5. Bud rot cases at Warisa (cumulated) 

Treatment 

Root uptake 
A 
B 
c 
D 

Stem injection 
A 
B 
c 
D 

92/06 

0 
1 

0 
0 

0 
0 
0 
0 

92/09 

4 
1 

0 

0 
0 

Table 6. Biotest on nuts at Warisa (% failure rate 
for inoculation) 

Treatment Stem injection Root uptake 

A 27.8 22.2 
B 40.0 51.1 
c 51.1 58.9 
D 21.1 55.6 

season treatments. 

Trial 4: the first results are given in Tables 5 and 6. 

These resu Its concerning bud rot are sti 11 
preliminary, and observations will have to be 
continued over a longer period. However, the 
results of the biotests on nuts six months after 
treatment are interesting; tests were carried out on 
15 of the 55 replicates . They showed that on 

average, the higher the Aliette dose, the higher the 
inoculation failure rate. For non-treated trees, three 
quarters of the inoculations were successful. These 
results show that six months after treatment, the 
fungicide (or the products of its degradation, which 
also have a fungicide effect) is still present in the 
nut epicarp. 

Trial 5: results are given in Table 7. 

These results show that Aliette persistence in the 
nuts from trees treated by stem injection is at least 
3 months, as opposed to at least 8 months for root 
uptake . Aliette application by root uptake is 
therefore advisable as a preventive control method 
against immature nutfall due to Phytophthora. 

Conclusion 

Most of the trials were set up in 1991 and the 
observation period was a year and a half at most. 
The results seem to be encouraging, particularly for 
trials 2 and 5, and to a slightly lesser extent for 
trial 3. No response to treatment has yet been seen 
in trial 1. 

Although the plots are not very far apart, there are 
differences between them that can affect disease 
expression and the effect of treatments: upkeep 
(cleanness of the plot, fertilization, phytosanitary 
condition, cover crops), agro-climatic factors (soil 
type, rainfall distribution, environment, etc .), 
Phytophthora strains. The treatments were due to 
be repeated in trials 1, 2 and 3 at the start of 1993, 
with a large number of isolations carried out in the 
different plots. 
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Coconut Phytophthora control in cote-d'Ivoire 
assessment of the effectiveness of Fosetyl-AI 

treatment methods: first resu Its 
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Introduction 

Previous work (Renard et al., 1986 - de Franque
ville and Renard, 1989) showed the effectiveness 
and long-term remanence of Fosetyl-AI in chemical 
control of immature nut-fall in Cote-d'Ivoire, caused 
by Phytophthora katsurae, initially identified as 
Phytophthora heveae. The technique used in this 
work consisted in injecting the product into the stem 
after drilling a 15 cm deep hole using a cordless 
drill. This technique, which many growers consider 
traumatic for the coconut palm, could be used 
merely in certain situations, provided a substitute 
technique such as root uptake or pressurized 
injection using Chemjet syringes could be found. 

The limited number of areas sufficiently attacked to 
provide significant results forced us to base our work 
on the biotest method, involving pathogen ino
culation after treatment, a method which had given 
excellent results in previous work (Bujung, 1990). 
The first observations made are covered by this note. 

Material and methods 

Treatment methods 

There were four treatments using Aliette, a 
commercial product containing 80% Fosetyl-AI in 
wettable powder form (WP) or 10% in emulsible 
concentrate form (EC). The methods were as follows: 

• Aliette injection after piercing the stem with a 
cordless drill: this is the standard treatment which 
is known to give good results in Cote-d'Ivoire. 
Aliette in wettable powder form is mixed with 
water to apply 10 g of commercial product to 
each tree, i.e. 8 g of active ingredient, after dril
ling a hole in the stem. After treatment, the holes 
were stopped up with a wooden peg, coated with 
Flint-kote to prevent Rhynchophorus attacks. 

• Root uptake of Aliette: to provide each tree with 
the same amount of active ingredient, four roots 
were cleared of soil and each soaked in a plastic 
bag containing 20 ml of Aliette EC at 10% 
Fosetyl-AI. A bamboo hoop was used to hold the 
bagged root down. 

• Aliette injection using Chemjet syringes: 2-cm 
deep holes were punched in the stems using a 
sharp cork borer to ensure that the cut was as 
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smooth as possible. The syringes, each contai
ning 20 ml of Aliette EC, were fitted in the holes: 
four syringes were therefore necessary to provide 
each tree with 8 g of Fosetyl-AI, as in the first two 
treatment methods. In order to be effective, the 
system has to be completely airtight. 

• Untreated control 

In the trial , each treatment comprised 15 Equatorial 
Guinea Green Dwarfs (EGO), considered to be 
susceptible to the disease. The trees were planted in 
1978. 

Nut harvests and inoculation 

The protocol stipulates the harvesting of two nuts 
per tree from bunches at leaf ranks 18 and 19, i.e. 7 
to 8-month-old nuts, recognized in previous work as 
extremely receptive to pathogen inoculation. 
Harvests were scheduled for 14 days, 11/2 months, 
3 months and 41 /2 months after treatment, but only 
the results of the first harvest are avai I able as yet. 

P. katsurae was grown for 8 days in Petri dishes con
taining V8 medium with 0.02 g of ~-sitosterol added 
per litre of medium, so as to favour the formation of 
sporocysts, which this homothallic species has 
difficulty producing otherwise. Zoospore release was 
triggered before inoculation by immersing and 
chilling the cultures (4° C) for 30 minutes. 

The detached nuts were inoculated, without prior 
wounding, on the equatorial line; two drops of 
zoospore suspension were placed in a container 
consisting of a piece of plastic tubing stuck to the 
epidermis of the nut. 

Observations were carried out daily for 15 days to 
detect any development of bud rot symptoms due to 
Phytophthora. The diameter of the patches caused 
by the parasite was measured and the number of 
affected nuts noted. 

Results 

Aliette absorption 

There is little information on the time taken for 
Aliette to be absorbed in the case of injection after 
piercing with a cordless drill. In the case of root 
uptake, the time varied greatly, ranging from a few 
hours to several days, depending on the roots. There 
were also times when the product was not com
pletely absorbed. 

In the case of injection with a Chemjet syringe, the 
absorption time also varied, between around ten 
minutes and eight hours or so, but the product was 

invariably completely absorbed. Around 65% of 
injections were over within two hours, and 24% 
took more than 5 hours. 

Symptom development 

This is shown in Figure 1 (trends for the number of 
nuts attacked over time) and figures 2 and 3 (mean 
trends for lesion diameter observed on rank 18 and 
19 nuts). 

Fourteen days after application, the treatments 
distinguished themselves from the untreated control, 
in which 28 out of the 30 inoculated nuts were 
diseased (Fig. 1 ). The results obtained with the 
treatments were very similar to one another, as there 
were 20 diseased nuts after root uptake of Fosetyl
AI, 19 after the reference treatment (stem injection 
after drilling) and 18 in the case of treatment with a 
Chemjet syringe. 

The mean diameter of the lesions caused by 
Phytophthora was the same, irrespective of the 
treatment, on rank 18 nuts (Fig. 2), and was 
markedly different from that observed on nuts 
harvested from untreated trees. It varied slightly 
more on rank 19 nuts (Fig. 3). 

Discussion 

The results described briefly in this note show 
that the effectiveness of Fosetyl-AI treatments is clear 
right from the 14th day after application, irrespective 
of the treatment method. 

However, they cannot be used to judge the changes 
in product effectiveness, which will be measured 
during the successive harvests planned in the pro
tocol and by replication over time (at different times 
of year). Extending this trial to other materials, par
ticularly hybrids, could also provide interesting 
information. 

The cordless drill proved effective and practical 
under the conditions in Cote-d'Ivoire, where 
development companies frequently have very large 
areas to be treated. The root uptake method is 
undoubtedly more difficult to implement over large 
areas, and is less reliable, as varying amounts of 
product actually reach the plant. Provided its 
effectiveness is confirmed, the Chemjet syringe 
method seems to be the simplest and fastest 
technique, whilst being less traumatic for the tree 
than the standard method. Installing these syringes 
on the stem is quick, and although the absorption 
time is somewhat long, this drawback can be 
avoided if enough syringes are available to be able 
to rotate the trees treated. 
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P hosphonates, chemical structure, determination, 
mode of action and mobility in coconut trees 

G. BOMPEIX B. LEPEN 
Universite Pierre et Marie Curie. Laboratoire de Pathologie Vegetale. 
4, Place Jussieu. C 155. 75252 Paris Cedex 05. France 

Chemical structure 

Phosphonates, generally speaking, fall into two 
groups. Ethyl-phosphonates and phosphonates. 
Ethyl-phosphonate in plant tissues and soil is rapidly 
transformed into phosphonate (the active meta
bolite). This is a class of ecological compounds 
because finally in the soil after some months through 
oxydative processes, they lead to phosphate (ortho
phosphori c acid, commonly named phosphoric 
acid) and enter the phosphate metabolism cycle in 
nature. In addition, the term phosphonic acid 
(phosphonates) must be preferred to phosphorous 
acid (phosphites). 

Determination 

When the chemical dermination is carried out 
phosphonates can be transformed accidentally into 
phosphates. 

The determination may sound difficult but in fact is 
relatively easy to achieve. So far, two different 
systems are in use, the HPLC in order to prepurify 
natural plant extracts and GC (with MT B S T F A) as 
a silylating reagent for very precise measurement. 

The only problem with HPLC is the very short life of 
the columns (anion exchange) with coconut extracts. 

A new system has been developed based on the 
destruction of organic compounds by pyrolysis 
(180°) in certain conditions so that HPLC can be 
omitted. This is less time-consuming than the older 
method. 

Mode of action 

Both an indirect mode of action through 
stimulation of the host's defence mechanism and 
direct mode of action have been proposed to 
explain the effect of phosphonate compounds. The 
primary target of the anions seems to be the fungus. 
In the presence of very high concentrations, 
mycelial growth is suppressed, but the efficiency 
strongly depends on the phosphate content and the 
nature of the medium used. Sub-inhibitory doses 
were shown to enhance the capacity of 
Phytophthora (and even Nectria) to overproduce 
elicitors or toxins. 

Recently, we showed that the change was only 
quantitative, a new molecule has not been detected. 

In cowpea leaves infected with Phytophthora 
cryptogea and floated on buffer phosphonate 
solution, lesion development is reduced and lesions 
are restricted within 24 hours of inoculation. 
The level of Kievitone reaches a maximum of 
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134,5 µg!g-1 fresh weight in phosphonate floated 
leaves within 24 hours of inoculation, compared 
with a concentration of 57,2 µg!g-1 fresh weight in 
untreated infected tissues. The concentration of 
Kievitone which accumulates in arrested lesions at 
24 hours is more than the concentration required to 
inhibit Phytophthora cryptogea by 90 percent. The 
treatment also induces high levels of phaseollidine. 

In addition, it is worth noting that the targets for 
metalaxyl and phosphonates being different, no 
cross-resistance can be detected. This was 
confirmed experimentally. 

Mobility of phosphonates 
in coconut tissues 

Preliminary results obtained on coconut grown 
in a glasshouse close to the laboratory (trunk
injection) have shown: 

a) Phosphonates are less phytotoxic than other 
fungicides (6 g Fosetyl-Al/15-20 kg coconut), do 
not kill treated coconut trees. 

b) Generally, phosphonate is considered to be the 
only fungicide with a downward systemic effect. 
Actually in our experiment its upward systemic 
effects was largely dominant. This fact can 
explain the possible treatment of bud rot. An 
adverse effect demonstrated here is the export of 
phosphonate by young tissues like leaves. 

c) Four months after treatment high concentrations 
were detected (up to 500-700 ppm) in the rachis 
of the leaves, and around the injection point. 
The question arises as to the chemical status of 

the phosphonate? Immobilized? Phosphonate 
stock? Does gradual release explain the long
term effect previously shown in Cote-d'Ivoire? 

Experiments done on behalf of the EEC are not 
completely achieved. However, its new findings 
could be noted: 

a) High concentrations can be detected only five 
days after trunk injection. 

b) These amounts (for instance 64 g injection) are 
sufficient to directly kill the pathogen ED50 and 
ED90 for Phytophthora katsurce and Phytoph
thora palmivora suggest such a mode of action . 

c) Later we envisage that an indirect mode of 
action takes place for a long time before the 
final loss of efficiency. 

d) Variability in the authorized concentration indi
cates that not all the tissues are really protected; 
this is what is observed in the field. 

Conclusion 

Comparing the different phosphonates, their 
water solubility and modes of migration, could be of 
interest to improve efficiency. Taking into account of 
all economic considerations (price of equivalent 
phosphonic acid for each formulation), the best 
candidate would be pure phosphonic acid (about 
$6/kg). Apart from root diffusion and trunk injection, 
trunk paint should be assessed. 

In any case, increasing the concentration in new 
experiments could be recommended. 
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M yrothecium roridum and M. verrucaria as 
potential antagonists of Phytophthora spp. on 
coconut 

J.J. Tusn, C. H1NAREJOS, A. BuJ, A. MouNs, V. CEBOLLA 
Departamento de Proteccion Vegetal. lnstituto Valenciana de lnvestigaciones Agrarias (l.V.l.A.). Moncada. 
Valencia. Spain. 

Introduction 

Bud rot and nutfall are the major diseases 
caused by Phytophthora fungi on coconut (Cocos 
nucifera L.). Among the Phytophthora spp. reported 
to be involved in these diseases, P. palmivora 
(isolated generally in insular Asia) and P. katsurae 
(isolated generally in African and American areas) 
are the most important due to their great incidence 
in both diseases (Ooka and Uchida, 1984 ; Steer 
and Coates-Beckford, 1990). Only two available 
fungicides (Fosetyl-AI and metalaxyl) are partially 
effective in suppressing these pathogens (de 
Franqueville and Renard, 1989). A permanent use 
of these site-specific fungicides is not recommended 
because fungicide-resistant isolates or strains of 
Phytophthora spp. may occur through their exces
sive or continued use (Cohen and Coffey, 1986). At 
present there is a need for effective, broad-based, 
integrated control of Phytophthora diseases, 
especially in wood plants (Tuset et al., 1984 ; 
Coffey, 1987). This control may combine the use of 
resistant rootstocks, improvement of cultural 
practices, new translocation fungicides, and 
development of biological control methods. 

Few experiments have been conducted with 
antagonistic fungi to control Phytophthora species, 
both in vitro and in vivo. Only Gees and Coffey 

(1989) on P. cinnamomi, Rands on avocado (Persea 
americana Mill.) and Tuset et al. (1990) on P. 
nicotianae var. parasitica in Citrus plants (sweet 
orange and clementine) have carried out most of the 
research leading to the current possibilities of 
Phytophthora fungi control with other fungi. Myrot
hecium roridum Tade ex Fr., a cosmopolitan strong 
antibiotic producer soil fungus, inhabitant in 
temperate and tropical climate regions, is involved 
in both cases. This fungus suppresses root infection 
by 50-94 % compared with uninoculated control 
plants (case of P. cinnamomi in avocado). M. 
roridum stops bark lesions in citrus plants 
7 or 10 days after inoculation and limits the 
development of cankers in the field (case of P. 
nicotianae var. parasitical. In these experiments, 
there was no significant difference in the level of 
control achieved by either M. roridum or 
phosphonate fungicides. In both studies, M. roridum 
played an active role in Phytophthora sp. control 
showing that it is a good antagonistic fungus. 

With the aim of extending the potential antagonistic 
activity assessment of Myrothecium fungi, our study 
describes in vitro and in vivo tests conducted with 
M. roridum and M. verrucaria (Alb. and Schw.) 
Ditm. ex Fr. (another soil fungus which is very 
active in eliminating Phytophthora fungi) on several 
isolates or strains of P. palmivora and P. katsurae. 
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Materials and methods 

Isolation of Myrothecium fungi 

M. roridum was isolated from dark-green sporo
dochia present on the surface of stem base necrotic 
tissue of Euphorbia lathyris L. M. verrucaria was 
isolated from a natural suppressive soil used to 
control Fusarium fungi. Both fungi were maintained 
on potato-dextrose agar (PDA) and sterilized soil 
(generally, sandy soil), in darkness, at 24°C. 

Obtention of culture filtrates 

M. roridum and M. verrucaria were grown for 
20 days at 24 ± 1°C in a liquid basic salts medium 
(pH 6.3-6.7) containing (g/L): K2HP04, 1 ; K Sb 
C4H406.o, 2.2 ; MgS04.7H20, 0.5 ; FeS04, 0.5 ; 
CuS04, 0.03 ; ZnS04, 0.5 ; MnS04, 0 .05 ; 
KT2Mo04.5H20, 0.05; dextrose, 10. 

Agar discs (4 mm diameter) from the edge of a 15 
day old colony of both fungi were placed into a one 
litre Erlenmeyer flask with 200 ml of the above 
described medium. Afterwards the mycelium was 
separated from the culture broth and filtered first 
through No. 40 Whatman paper, then through a 
Millipore filter (pore size 0.65 µm). 

Phytophthora isolates used 

Isolates of the species involved in the experiments 
were: P. palmivora Pp-12, Pp-19, Pp-21 (from 
Indonesia) and P. katsurae Pk-8, Pk-12, Pk-22 (from 
Cote-d'Ivoire). The isolates were maintained in pure 
cultures on PDA or malt agar (MA). 

In vitro antagonism 

DUAL CUL TURES 

M. roridum and M. verrucaria isolates were tested in 
vitro for antibiosis against several isolates of P. 
palmivora and P. katsurae. Cultures of both Phyto
phthora species were grown on PDA in the presence 
of the potential antagonist. M. roridum and M. ve
rrucaria agar plugs (4 mm diameter) were placed at 
the periphery of petri dishes and incubated 7 days in 
the dark at 24°C. Afterwards agar plugs of Phyto
phthora isolates were placed 4 cm from the 
antagonistic fungi colonies and growth was moni
tored after 3, 7 and 11 days. 

EFFECT OF CULTURE FILTRATES ON THE GROWTH OF 

P. PALM/VORA AND P. KA TSURAE 

Culture filtrates of M. roridum and M. verrucaria 
were added to tubes containing PDA at 2.5 %, 5 %, 
7 .5 % and 10 % (v/v) when the temperature of the 
tubes was about 40°C. After shaking, they were 
poured in petri dishes. When solidified, P. palmivora 
and P. katsurae agar plugs were placed in the center 
of each petri dish. Dishes were incubated at 24°C 
and growth monitored after 6 days. 

In vivo antagonism 

One isolate of P. palmivora (Pp-21) and one of P. 
katsurae (Pk-22) were tested under glasshouse 
conditions on coconut seedlings (approximately 2 
years old) in order to establish the in viva 
antagonistic potential as well as the phytotoxic 
activities of M. verrucaria. Five groups of 10 plants 
each were tested as fol lows: 

1 inoculated with M. verrucaria only 

2 inoculated with M. verrucaria first, and with 
P. palmivora 10 days later 

3 inoculated with M. verrucaria first, and with 
P. katsurae 1 0 days later 

4 inoculated with P. palmivora only 

5 inoculated with P. katsurae only. 

The inoculation of coconut seedlings was conducted 
in a similar way for all the tests. lnoculum of 
M. verrucaria was prepared from 15-20 day old 
cultures and both Phytophthora species from 4-6 
day old cultures. Each plant was bored in the base to 
the core of coconut producing a wound of 4-5 cm 
deep and 0.6 cm wide. Four agar discs (0.4 cm 
diameter) of these cultures were subsequently 
placed into the hole. Then it was covered with 
cotton wool moistened with water, wrapped with 
polythene film and aluminium foil, and kept for a 
period of 25 to 40 days. 

All inoculated plants were placed in the glasshouse 
and assessed weekly for symptom development 
(canker, bud rot, wilting and death) for 30 days. The 
trial was conducted during a 6 month period. 

Mobility of M. roridum and M. verru
caria in the soil 

Sterilized sandy soils containing high conidia 
populations (7.3 x 106 conidia of M. roridum and 
3.5 x 106 conidia of M. verrucaria per gram of soil), 
were placed on a muslin mesh (30 lines per cm) on 
the top of plastic pots (height = 11 cm ; diameter = 
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7 cm), filled with sterilized natural soil. Then water 
was added until the field capacity level was 
reached . The plastic pots were maintained for 30 
days in the dark at 24°C. Then, 3, 6 and 9 cm deep 
soil layers were analyzed in each plastic pot to 
determine the population density of M. roridum and 
M. verrucaria. A one gram soil sample from each 
layer was mixed with 100 ml of water plus agar at 
2% and placed on a rotary shaker at 200 rpm for 20 
min . Two milliliter samples of these suspensions 
(three replicates) were placed on Komada medium, 
composed of (g/L): K2 HP04 , 1; KCL, 0.5; 
MgS04 7H20, 0.5; Fe EDTA, 0.1 ; L-asparagine, 2; 
galactose, 1 O; agar, 20. 

After 1 0-12 days, M. roridum and M. verrucaria 
colonies were counted. Population densities were 
expressed as colony-forming units (in this case, it 
referred to conidia) per gram of soil. 

Results 

In vitro antagonism of Myrothecium 
species against P. palmivora and 
P. katsurae 

EFFECT OF DUAL CUL TURES 

M. roridum and P. verrucaria strongly inhibited the 
growth of P. palmivora and P. katsurae in vitro 
(Table 1 ). Once both Myrothecium fungi had been 
established on the new medium, the growth of 
Phytophthora species was almost totally inhibited. 
Due to their slow growth, M . roridum and M. 
verrucaria always needed a longer period of time 
(some 7-12 days) to establish on PDA. P. palmivora, 

isolate Pp-21 , proved to be more susceptible to 
Myrothecium fungi than P. katsurae, isolate Pk-22. 

EFFECT OF CULTURE FILTRATES OF MYROTHECIUM SPECIES 

ON THE GROWTH OF P. PALM/VORA AND P. KA TSU RAE 

When added to PDA, all concentrations of culture 
filtrates from the two strains of M. roridum and M. 
verrucaria obtained by grow ing both fungi 
separately in a liquid basic salts medium for 20 
days, strongly inhibited the mycelial growth of P. 
palmivora and P. katsurae isolates (Tables 2 and 3). 
A 10 % concentration of culture filtrate caused 
complete inhibition of the mycelial growth of all 
isolates of both Phytophthora fungi after a 6 day 
period. Mycelial growth was also completely (table 
3) or almost completely inhibited at a 7.5 % 
concentration (Table 2). While at 2.5% the 
inhibition was approximately 50% in all isolates of 
both Phytophthora fungi. In these tests, 
M. verrucaria and M. roridum showed very similar 
antagonistic activity. 

In vivo antagonism 

Bud rot disease developed when agar plugs of P. 
palmivora, isolates Pp-21 and Pk-22 were placed 
into the holes bored in the base of coconut 
seedlings. The first symptom was a necrotic lesion 
which extended distally from the interior of the 
crown to the exterior of the lowest part of the leaves. 
Phytophthora spp. symptoms developed within 12-
15 days following the inoculation. Similar symptoms 
were developed by M. verrucaria. 

Approximately 30 days after the M. verrucaria 
inoculation (20 days after the inoculation of 
Phytophthora fungi), all tested fungi had caused 
necrosis in the host issues of all inoculated coconut 
seedlings (Table 4). No significant differences in 

Table 1. Inhibition of radial growth of P. palmivora and P. katsurae caused by two Myrothecium species on 
PDA in dual cultures. 

Mean colony diameter (cm) 
Antagonistic fungus 

P. palmivora (Pp-21) P. katsurae (Pk-22) 

After 3 days After 7 days After 11 days After 3 days After 7 days After 11 days 

M. roridum 0 (3.5)2 0 (4.8) 0.7 (6.9) 0 (3 .5) 0.8 (5 .0) 1.0 (7.8) 

M. verrucaria 0 (3.7) 0 (5.1) 0.6 (7.5) 0 (3.5) 1.0 (5.1) 1.0 (7.8) 

1 Agar plugs of the antagonistic fungi were placed at the periphery of petri dishes and incubated 7 days at 24°C. Afterwards, agar plugs 
of Phytophthora isolates were placed 4 cm away from the colonies of the antagonistic fungi and the effects on their growth were 
assessed. Each result represents the mean of five replicates. 
2 Data in brackets: growth achieved in the control. 
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Table 2. Six days mycelial growth of Phytophthora palmivora and P. katsurae at different concentrations of 
culture filtrate of Myrothecium roridum in potato-dextrose agar (PDA) at 24°C in the dark. 

Concentration Mean colony diameter (cm) 

of culture filtrate' (%) P. pa/mivora isolates P. katsurae isolates 

Pp-12 Pp-19 Pp-21 Pk-8 Pk-12 Pk-22 

2.5 3.2 3.6 3.8 4.3 4.7 4.2 
5.0 1.7 2.1 1.9 2.0 2.7 2.0 
7.5 0.1 0.1 0.4 0 0.3 0.2 
10.0 0 0 0 0 0 0 
Control 7.8 8.0 8.0 8.1 8.2 7.9 
(adding water only) 

1 Culture filtrate was obtained from M. roridum grown for 20 days in a liquid basic salts medium with a low amount of glucose. Each 
resu It represents the mean of five rep I icates. 

Table 3. Six days mycelial growth of Phytophthora palmivora and P. katsurae at different concentrations of 
culture filtrate of Myrothecium verrucaria in potato-dextrose agar (PDA) at 24°C in the dark . 

Concentration Mean colony diameter (cm) 

of culture filtrateH%) P. palmivora isolates P. katsurae isolates 

Pp-12 Pp-19 Pp-21 Pk-8 Pk-12 Pk-22 

2.5 3.65 3.25 3.0 4.13 4.17 3.8 
5.0 1.45 1.35 1.30 2.25 1.85 1.15 
7.5 0 0 0 0 0.3 0 
10.0 0 0 0 0 0 0 
Control 7.60 7.40 7.70 8.00 8.00 8.10 
(adding water only) 

1 Culture filtrate of was obtained from M. verrucaria growin for 20 days in a liquid basic salts medium with a low amount of glucose. 
Each result represents the mean of five replicates. 

susceptibility to both Phytophthora fungi were 
found. However, significant differences in 
susceptibility between M. verrucaria and Phyto
phthora fungi as well as in their ability to rot the 
leaves, to produce cankers and finally to dry the 
external leaves were observed. Only coconut 
seedlings inoculated with both P. palmivora and P. 
katsurae only had been completely killed. 

After 6 months, plants inoculated with M. verrucaria 
first and then with P. palmivora and P. katsurae 
showed no yellowing, drying or bud rot symptoms. 
All coconut seedlings had recovered. Rotting due to 
Phytophthora fungi was completely stopped. A 
similar behavior was observed in plants inoculated 
with M. verrucaria alone. No symptoms of the 
disease were observed in these plants which also 
showed a good health pattern. 

MOBILITY OF M. RORIDUM AND M . VERRUCARIA 

IN THE SOIL 

Conidia of Myrothecium fungi showed good 
mobility down to the bottom layers of the soil. 

Conidia of M. roridum and M. verrucaria leached 
down to 9 cm in depth after 30 days in natural soil 
inoculated on the top layer when moisture was at 
field capacity (Table 5). Population densities, 
expressed as number of conidia per gram of soil, of 
4 x 1 03 (for M. roridum) and of 3 x 1 03 (for M. 
verrucaria), were obtained in this experiment. These 
conidia densities were sufficiently high to infest 
natural soil in a short period of time (months). 
Conidia production was higher in M. roridum than 
in M. verrucaria (ratio 2:1 ). Lateral dispersion of 
both Myrothecium fungi conidia did not occur. 

Discussion 

These results demonstrate the capacity of M. 
roridum strains, originally isolated from necrotic 
areas in stems of Euphorbia latyris L. and M. 
verrucaria isolated from a suppressive soi I to 
Fusarium spp., to inhibit both P. palmivora and P. 
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Table 4. Effect of Myrothecium verrucaria on bud rot caused by Phytophthora palmivora and P. katsurae in 
coconut seedlings under glasshouse conditions 

% affected plants by' 

Inoculated M. verrucaria M. verrucaria then M. verrucaria then P. pa/mivora P. katsurae 
plants2 alone P. palmivora P. katsurae (Pp-21) (Pk-22) 

(Pp-21) (Pk-22) alone alone 

At 30 At 6 At30 At 6 At30 At 6s At 30 At 6 At30 At6 
days months days months days months days months days months 

Coconut 
(Coccos 100* O*' 100** O*' 100*** O*' 100*** 100*** 
nucifera) 

1 lnoculum of the fungi consisted of agar-mycelium plugs (0.4 mm 
diameter) placed into a hole bored in the basal part of the 
coconut seed Ii ngs. 

2 Ten coconut seedlings (2 years old) per group and pathogen. 

Symptoms observed: 

* Internal rot and canker. Some external leaves showed yello
wing and drying. 

** Internal rot and canker, both Myrothecium and Phytophthora 
inoculation. Rot and canker caused by Phytophthora was very 
limited. Some external leaves showed yellowing and drying. 

***All plants were dead. 

*' 6 months later all plants had completely recovered. Rots and 
cankers were completely stopped. 

Table 5. Evaluation of the conidia mobility of two Myrothecium species in an artificially infested soil. 
lnoculum: sandy soils containing conidia of M. roridum (7.3 x 106 conidia/g soil) and M. verrucaria (3.5 x 
106 conidia/g soil) 

Population density (expressed as No. of conidia per g of soil) 
Soil layer tested 

M. roridum M. verrucaria 

Layer A = 3 cm. deep 
Layer B = 6 cm. deep 
Layer C = 9 cm. deep 

= 6 x 105 

= 12.0 x 103 

4x10' 

= 2.5 x 105 

= 70 x 103 

3 x 103 

Full plastic pots filled with a sterilized natural soil were inoculated with sandy soils containing conidia of both Myrothecium species on 
the top layer. Each result represents the mean of five experiments. 

katsurae in vitro and in vivo. The potential of M. 
roridum and M. verrucaria (especially the latter) as 
biotic agents to control P. palmivora and P. katsurae 
was clearly demonstrated both in petri dishes and on 
coconut plants. 

Phytophthora fungi are common soil inhabitants of 
temperate and tropical climatic regions. These 
pathogens generally attack the roots and the basal 
part of stems or trunks of their hosts. To stop 
pathogen activity, promising biological control 
organisms must be antagonists of these pathogens 
before the infection takes place (suppressing agents) 
or once their penetration into the host tissues has 
occurred (in vivo antagonism). As for the first 
described effects, different suppressive soils to 
Phytophthora (Broadbent and Baker, 1974 ; Cook 
and Baker, 1983 ; Gees and Coffey, 1989) have 
been described, although the nature of such a 
suppression remains unknown. M. roridum and M. 
verrucaria show strong cellulolytic activity (Domsch 

et al., 1980). This ability to colonize cellulosic 
material might be a significant factor in allowing 
these fungi to compete and colonize rhizosphere 
fungi in the soil. Our tests on both Myrothecium 
fungi soil mobility have demonstrated their ability to 
leach down to deep soil layers. Their long conidia 
life in the soil may also favor an easy and quick 
colonization of natural soils. 

M. roridum and M. verrucaria are strong antibiotic 
producers (Harri et al., 1962 ; Pawar et al., 1965 ; 
Bamburg, 1983). Macrocyclic trichothecenes 
(roridin, verrucarin etc.) are generally the antibiotics 
produced by these species, showing strong 
fungistatic activity in vitro against some other fungi, 
including Phytophthora spp. (Brian et al., 1948 ; 
Tuset et al., 1984 ; Gees and Coffey, 1989). 
Antibiotics produced by Myrothecium fungi in vitro 
may play an active role in the suppression of 
Phytophthora in the soil. Their inhibition potential 
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for both P. palmivara and P. katsurae mycelia has 
been clearly demonstrated in this study. 

The control of pathogens after host tissue infection 
by antagonistic microorganisms has been a goal of 
the phytopathologists for decades. The activity of 
antibiotics or toxins produced by M. raridum has 
permitted the control of foot rot and gummosis 
diseases caused by P. nicatianae var. parasitica 
(Tuset et al., 1990) in citrus plants. Phytaphthara 
foot rot disease (artificial and natural infection) 
affecting orange and clementine trees completely 
stopped when agar-mycelium discs of M. roridum 
were inoculated on the bark of the main roots or in 
the basal part of the trunks. It is suggested that this 
could be caused by M. raridum antibiotics or toxins 
moving acropetally through the vascular system 
(xylem) into roots and trunks. This inhibiting in viva 
activity on Phytaphthara produced by Myrothecium 
fungi, was clearly demonstrated in our experiments 
under glasshouse condition . M. verrucaria 
inoculated on the basal part of coconut seedlings 
stopped bud rot produced by P. palmivara, isolate 
Pp-21, and P. katsurae, isolate Pk-22, in a short 
period of time (months). Antibiotics or toxins 
produced by M. verrucaria are able to reach the 
mycelium of Phytaphthara fungi within the coconut 
tissues causing their inhibition. 

The potential of these fungi against other pathogenic 
fungi in viva is encouraging, especially against 
Phytaphthara causing rots in roots, stems or trunks. 
New strategies to improve M. raridum and M. 
verrucaria antagonistic activity within the plant 
tissues should thus be developed. Future research 
should focus on the obtention of toxins or antibiotics 
as well as their application both in soil (rizosphere 
area) and in plant organs (leaves, roots, stems, fruits, 
etc.). 
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