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Bud rot 
in Latin A111erica 

f he economic importance of oil palm 
bud rot in Latin America is consider-
able. The disease is particularly rife 

in Ecuador, Colombia, Brazil, Venezuela 
and Suriname. It can take several forms: 
• a non-lethal form, followed by a high 

recovery percentage, notably in the ~ 
Colombian Llanos, ·~ 

:?° • a lethal form, which is predominant in .t 
the Ecuadorian and Brazilian Amazon ~ 
(photo 1). 
It has already led to various estates or 

sectors of estates being totally aban-
doned: Turbo, in Colombia, in the 1960s; 
Victoria, in Suriname, between 1982 and 
1986; Emade near Tefe, in Brazil, in 1985, 
along with Division 1 at Denpasa, near 
Belem, between 1985 and 1990. It has also 
caused considerable losses: at estates 
in the Ecuadorian Oriente (H uashito 
and Shushufindi) and on thousands of 
hectares in Colombia. 

The bud rot research programme is the 
fruit of a multiple partnership, involving 
both the main central research centres in 
the commodity chain and plantation com-
panies in Latin America. 

In Latin America, CIRAD is working 
with two private Ecuadorian partners: 
Palmeras del Ecuador, the main partner, 
and Palmoriente, primarily for test ing 
planting material with respect to bud rot. 
EMBRAPA, a State-owned Brazilian com-
pany, creates new hybrids used in part of 
these tests. A partnership, which is limited 
for the moment, is being established in 
Colombia with La Cabana, to assess plant-
ing material resistance to bud rot and con-
tinue the breeding programme, and with 
INDUPALMA, for hybrid production. 

In Côte d'ivoire, Benin and Cameroon, 
research is being conducted with CNRA, 

Photo 1. Bud rot damage in Ecuador. 

INRAB and IRAD respectively, to select 
E. guineensis material and test its resis-
tance to bud rot in Latin America. 
Moreover, in Côte d'ivoire, cloning of the 
backcross for molecular markers is being 
carried out with CNRA. 

Epidemiology - Etiology 
The biotic or abiotic origin of bud rot 
remains a controversy, and has yet to be 
elucidated. However, CIRAD has geared its 
research for many years towards biotic fac-
tors. No positive results have been obtained 
so far. 

Inl998, Pusarium inoculations were car-
ried out in the soil, at the nursery stage. A 
few months later, in 1999, a bacterial sus-
pension was applied to half the inoculated 
plants. This trial was based on the hypothe-
sis of a soil-borne origin for bud rot, caused 
by hypovirulent strains of Fusarium, 
migrating to the bud systemically and sub-
sequently encouraging bacterial develop-
ment. Disease symptoms were not repro-
duced. 

At the Shushufindi estate, in Ecuador, 
analysis and deduction work led to a 
hypothesis being put forward suggesting 
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that bud rot type diseases of oil palm were 
transmitted via the roots by a sucking 
insect living in the soi!. 

The existence of a sucking insect in the 
soi! around oil palm roots was confirmed in 
1999. It was the bug Cydnidae of the genus 
Scaptocoris. Following these observations, 
transmission trials were set up in the 
prenursery and nursery. Results are 
awaited. 

Detection 
of a neighbourhood 
effect 

In 1983 a trial , SHGP 1, was set up in 
4 Fisher blocks at the Palmeras del Ecuador 
estate to assess the performance of four 
categories derived from seed production 
(ClOOl, C2501, C6501, C7001). The experi-
mental plots comprised 16 rows of 27 palms, 
i.e. a total for the trial of around forty 
hectares. The trial was not observed for FFB 
production, but mortality records have been 
kept on a monthly basis from planting to 
date. 

An analysis of these records revealed the 
effect of certain factors involved in disease 
development. In this trial , the quarterly 
mortality rate-i.e. the proportion of palms 
dying in that quarter out of those present at 
the start of each quarter-literally 
exploded from 1995 onwards (figure 1). 
From 1983 up to the fourth quarter of 
1994, the quarterly mortality rate barely 
deviated from the mean of 1.4 deaths 
for 1,000 palms. From the first quarter of 
1995 onwards, that rate increased exponen-
tially and reached 54 deaths for 1,000 palms 
at the end of 1999. 

However, there was a substantial dispar-
ity in mortality rates depending on the 
cross categories (figure 2) and the replica-
tions. In order to obtain values characteriz-
ing each category of crosses, the mortality 
rate was modelled by logistic regression. 
This analysis revealed that mortality at a 
given date was greater in palms whose 
neighbours were affected by the disease. 
This result backed observations in the field 
of disease propagation from foci: palms 
dying at a given moment were especially 
those located at the edge of a focus exten-
sion (figure 3). This partly explains the sud-
denness with which the quarterly mortality 
rate increased: the more time went on, the 
more the palms had affected palms in their 
neighbourhood. The high mortality classes 
had an automatic increase in their number 
of infected palms, leading to greater overall 
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mortality than would have been seen if ail 
palms had remained in the same class. 

The number of dead palms on each date 
among the nearest 24 neighbours to each 
palm (NdeadN) was thus included as a 
source of additional variation in the regres-
sion. 

The importance of this factor was sub-
stantially the same as the cross category 
effect. lts introduction in the mode! con-
siderably reduced the share of variance 
attributed to time, to replications and to 
category x replicate interaction (table 1). 
The assessment of a category was thus, 
in theory, more reproducible from one trial 
to the next. 
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Logistic regression consists in modelling 
the rate of probability of being affected over 
the probability of survival for palms in each 
category, in each quarter, in each replicate 
and for each of the 25 neighbourhood situa-
tions in which they can be found (have 0 
dead neighbours, ... , 24 dead neighbours). 
This is known as the odds, or the relative risk 
of the "being affected" event for palms in a 
given context. The relative risk run by palms 
possessing any modality of a given factor 
varies, of course, depending on the modali-
ties of the other factors. On the other hand, 
as the odds ratio run by palms only differs by 
a single factor, it does not depend on the 
level they possess for the other factors. 
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Figure 1. 
Variation in quarterly 
mortality rate in trial 
SHGP 1. Date 
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Figure 3. • Living 1 Dead 
Bud rot propagation 

from foci. 

Figure 2. 
Bud rot development 
depending on seed 
category. 
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Tableau 1. Logistic regression of the quarterly mortality rate . Consequence 
of introducing NdeadN factor. 

Source of variation 1 X,2 without NdeadN X2 with NdeadN 

Quarter 1 
Replicate 1 
Category 1 
Category x replicate 1 
Number of dead neighbours 1 

It appears that the relative risk run by 
palms with 4 neighbours affected out of 24 
is twice as high as that for palms whose 
neighbours are ail still alive, ail other 
things being equal. This risk increases in 
line with the number of dead neighbours, 
becoming 10 times greater beyond 50% of 
lasses in the neighbourhood (figure 4) than 
for palms surrounded by healthy neigh-
bours. 

Taking into account the neighbourhood 
effect, category Cl501 was the only one sig-
nificantly more affected than the others 
(table 2), the relative risk being twice as 
great, ail other things being equal, for the 
palms in this category than for palms in 
ClOOl. Photo 2 illustrates differences in the 
field between Cl501 and C7001. 

This way of calculating the value of 
crosses, the merits of which are shown in 
this preliminary trial in reducing the envi-
ronmental effect, will be applied as soon as 
the first observations in the new genetics 
trials become available. 

The first trials were alll set up on forest 
and replantings began a few years ago . The 
effect of bud rot is particularly rapid in 
replantings. In a trial planted in 1997 with 
material of the C2501 and ClOOl origins, 
intended to test cultural practices, the 
average mortality rate due to the disease 
was over 20%, only three years after 
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replanting. It has not been possible to 
detect any effect of cultural practices. 

In view of this result, it was decided to 
set up genetic trials with E. guineensis 
material, which could offer resistance to 
bud rot according to observations in the 
first planting generation. A honeycomb trial 
was set up in which 7 different crosses were 
assessed, each palm being surrounded by a 
palm of the other 6 crosses. Another trial in 
an elementary plot of 9 palms with 15 repli-
cates ( 41 crosses, including the 7 in the 
honeycomb trial) was set up. An identical 
trial was planted on an extension ( 41 treat-
ments). The data will be used employing 
the method already described and we shall 
be able to compare the efficacy of the 
choice of design adopted. In addition, a bud 
rot disease has been detected in Colombia 
that is similar to that in Ecuador, but with 
different symptoms. Various trials with the 
same origin as that tested in Ecuador 
(C07**) are planned, and the seeds have 
been sent to Colombia. 

Search for high-yielding 
and resistant planting 
material 

The provisional solution adopted in replant-
ings is to use interspecific hybrid material 

Figure 4. 
Variation in risk 
depending on 
the neighbourhood 
situation. 
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between Elaeis guineensis and Elaeis 
oleifera. This material raises almost total 
resistance to the different bud rot diseases 
in Latin America, but oil production is 30% 
lower than that of Elaeis guineensis. 

The results obtained with hybrids of the 
Coari x La Mé types planted without a sta-
tistical design in Ecuador are excellent for 
FFB production and at least equivalent to 
those of the best Elaeis guineensis. 
However, the oil extraction rate from FFB is 
lower than that of Elaeis guineensis due to 
lower fertility. The main problem encoun-
tered when using these hybrids is pollina-
tion. Indeed, this material is extremely fem-
inine and the rare male inflorescences that 
appear only produce a small quantity of 
viable pollen. The attraction of pollinating 
insects to the male inflorescences is low, 
whereas attraction to the female inflores-
cences of these hybrids is good. 

In order to search for hybrids with 
greater pollen fertility and thereby limit the 
practice of assisted pollination, several 
trials have been set up in Ecuador designed 
to test hybrids corresponding to E. oleifera 
materials surveyed in the Brazilian Amazon 
basin crossed with the La Mé E. guineensis 
origin. 

Merits of in vitro cloning 
and research prospects 
The programme to search for high-yielding 
material with resistance to bud rot 
requires the introgression of resistance from 
E. oleifera into high-yielding E. guineensis. 
In order to implement that programme, it is 
necessary, for each backcrossing cycle, to 
assess the resistance of each parent, which is 
impossible as knowledge stands at the 
moment. In order to remove that obstacle, 
each parent needs to be multiplied, so that 
at least 50 individuals can be planted in a 
trial in a zone where bud rot is rife, and an 
idea can be gained of the resistance of this 
genotype. The first step was to clone a palm 
derived from a first generation backcross 
and plant a large number of its progenies in 
a zone severely affected by bud rot, in both 

Tableau 2. Risks run by the palms of each category 
compared to those of C1001 . 
Category 
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Oldds 
ratio 

2.06 
1.00 
1.38 
1.00 

Group according 
to contrasts test 

A 
B 
B 
B 
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Photo 2. 
Difference in mortality 
between seed categories. 

Brazil and Ecuador. The resistance value of 
that clone should be known in a few years. 
However, it is impossible to clone ail the 
palms of ail the backcrosses created. 

The search for molecular markers of 
resistance has been launched, in order to 
develop an early selection method. 

To that end, embryos from a first genera-
tion backcross have been cultured in vitro 
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and 200 clones, each represented by 
50 palms, will be replanted in a zone 
severely affected by the disease. The mater-
ial is currently in the laboratory, and the 
first plantings are to take place in 2002. The 
clones derived from this backcross will be 

• mapped and markers of resistance to bud 
le rot will be sought. This material will also be 

planted in a bud rot-free zone, in order to 
~ .i: assess its other agronomie characteristics. 
:r Development of such a tool is essential 

for an initial screening of ail the palms of 
backcrosses 1 and 2 planted at various 
research centres and selected solely for 
their agronomie value. 

The marker(s) of resistance to bud rot 
should make it possible to monitor the 
introgression of these traits in the best 
Elaeis guineensis palms. 

At the same time, there are plans to test 
these clones in Africa, to search for one or 
more markers of resistance to vascular wilt 
provided by Elaeis oleifera. • 
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