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ABSTRACT

This article presents an overview of the main results obtained
from research on oil palm bud rot. Aetiologic studies with bi-
otic and abiotic approaches were explored, aiming for a model
that would help in the understanding of the ethology of this
disease. It also discusses how the results of the studies are con-
tradictory and how the arguments for biological causes have
not shown progress. Furthermore, the results of measuring the
influence of abiotic factors, where there is greater consensus,
are discussed; however, there is controversy due to the fact
that different researchers placed different weight on the final
model of this disease. This situation has led to controls being
directed toward potential pathogens associated with the dis-
ease, as determined by circumstantial evidence, wherein the
positive or negative response to the control may be confused
with extrinsic factors such as disease escape or foci formation.
Even the role played by the insect Rhynchophorus palmarum
(L.) in the death of palms affected by this disease is in doubt.
Finally, this paper shows how the process of general disease
research has important biases arising from the risk aversion
of palm producers or the lack of continuity in results obtained
by different research groups.

Key words: epidemiology, tropical diseases, aetiology, abiotic
stress, biotic stress.

En este articulo se exploran los estudios etioldgicos bajo
enfoques bidticos y abidticos de la enfermedad pudricion del
cogollo de la palma de aceite. También se muestran las dife-
rencias en los analisis y resultados de las investigaciones en la
etiologia bidtica, asi como sus sesgos. Por otro lado se discute
sobre los resultados que miden la influencia de factores abioti-
cos, resultados que tampoco se libran de ser controvertidos y
que dependiendo del investigador reciben diferentes niveles
de ponderacién en el modelo final de la enfermedad. Esta
situacion ha generado que los controles dirigidos a los posibles
patdgenos asociados a la enfermedad, se tengan que basar en
evidencias circunstanciales, donde la respuesta se confunde
con factores extrinsecos a esta. Inclusive la responsabilidad
del insecto Rhynchophorus palmarum (L.) en la muerte de las
palmas afectadas por la enfermedad se puede considerar que
estd en duda. Se muestra finalmente como el proceso de inves-
tigacion general de la enfermedad presenta sesgos importantes
que surgen de la presion de los agricultores a este sistema, el
cual se da ante la inminencia de pérdidas econdmicas o a la
falta de continuidad en el aprovechamiento de los resultados
obtenidos por diferentes grupos de investigacion.

Palabras clave: epidemiologia, enfermedades tropicales,
etiologia, estrés abiotico, estrés bidtico.

Introduction

Oil palm bud rot (BR) is a disease that destroys the young
tissue of palms. The initial lesions (Fig. 1A) descend from
the middle of unopened internal leaves (spears) towards
the meristematic zone. The progress of the lesions leads
to colonization by several pathogenic and saprophytic or-
ganisms, thereby completing the symptomatology (Sarria
et al., 2008).

Depending on the quantity of affected tissue and whether
or not the infection reaches the meristem (Fig. 1B), BR
can be a lethal disease (lethal bud rot, LBR) or a disease
that only inhibits the growth of the palm for some period
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(Chinchilla and Durdn, 1998). The former has been seen
in the Brazilian and Ecuadorian Amazon, certain zones
of Suriname, and the Colombian western zone (WZ)
(Franqueville, 2003; Corredor et al., 2008). The latter (Fig.
1C) has been reported in the Eastern Plains of Colombia
(EPC) (Fig. 2). A unique case occurred in the Middle
Magdalena River Valley (MMRYV), where the infections
did not reach the meristem, but, despite this, effective
recovery did not occur (Benitez, 2015). It was stated that
the insect Rhynchophorus palmarum L. (Coleoptera: Cur-
culionidae) was the reason why the palms were unable to
recover, due to its direct damage to the bud (Hurtado et
al., 2009; Aldana de la Torre et al., 2010; Quintero, 2010;
Montes and Ruiz, 2014).
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FIGURE 1. Symptomology of oil palm bud rot. A, initial lesions in unopened leaves. B, necrosis descending toward the meristematic zone: B1
=petiolar bases, B2 = rotted tissue, B3 =meristematic zone; C, recovering palms with the production of new leaves after being affected by BR.

Photographs: A and B were provided by Cenipalma to the MIRE-PC project.
ARCHIPELACO DE SAM ANDRES

B LA GUAIIRA

ATLANTICE

‘Enzsnnmmm

ARALICA,

SANTANDER

ANTIOGUIA

CHCOD

CALDAS

QUINDIO

VALLE DEL CALCA TOLIMA

GUAVIARE

F . MARIAC
e

CADUETA
PUTUM#A D i

VALPES

AMAZOMAS

WICHADS

GLAINIA

FIGURE 2. Map of Colombia showing the locations of the principal palm cultivation areas. A, Uraba zone (UZ); B, North Coast zone (NCZ); C, South
of Cesar zone (SCZ); D, Middle Magdalena River Valley (MMRV) zone; E, Eastern Plains of Colombia zone (EPCZ); F, Western zone (WZ).
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Despite the fact that BR symptoms are easy to recognize
in productive plantations, there are two main reasons why
diagnostic confirmation through the isolation of the causal
agent with Koch’s postulates has not been possible: first of
all, contradictory studies on the causal agent and second,
the fast growth of saprophytic and opportunistic organisms
over rooted tissue make the isolation of any causal agent
difficult. This is why only when the disease has dissemi-
nated throughout a population and formed foci is possible
to differentiate it from other similar types of pathologies
that have a lesser impact on the crop, such as juvenile dis-
ease, spear rot (Martinez et al., 2014), or abiotic disorders
(Renard and Quillec, 1984; Villanueva, 1988; Breure and
Soebagjo, 1991; Louise et al., 2007). This fact has led to the
development of breeding programs in Colombia that use
epidemiological approaches rather than direct inoculation
for resistance selection (Navia et al., 2014).

Economic importance

The Colombian association of palm producers recognizes
the fact that one of the biggest challenges for sustainability
in this agroindustry is diseases control (Fedepalma, 2007;
Kraul, 2010). It was reported that, in 2007, the two more
notable diseases, lethal wilt (LW) and BR, resulted in los-
ses of up to US$58.5 million (Fedepalma, 2007) through a
reduction in oil production that oscillated between 2.3 and
9.9% in the case of BR (Acevedo et al., 2000) and through
palm deaths caused by LBR and LW.

Plantations have been devastated by BR in the WZ, affect-
ing the economy of this region. Reports for 2008 stated
that 1,540 direct jobs were lost due to this disease, with
reductions in the potential revenue of the region of up to
46%, amounting to close to US$ 120 million (Corredor et
al., 2008), and, according to Fedepalma (2014a) for the re-
gions Puerto Wilches (Santander) and Cantagallo (Bolivar)
in MMRY, BR has resulted in losses of more than US$2.85
billion and more than 8,000 direct and indirect jobs.

History

BR, as compared with other plant diseases, has had a short
and accidental history that started at the beginning of the
twentieth century. Reinking made one the first reports in
1928 in Panama (Franqueville, 2003); nevertheless, Van
Hall mentioned a similar symptomatology in India starting
in 1920 (Van Hall, 1922). This disease has affected palm
cropsin Latin American, part of Africa (Franqueville, 2003)
and apparently in India (Van Hall, 1922). Its effects have
varied from lower production to the complete destruction
of crops. In Colombia, recent reports have been made for
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the MMRV zone where, in 2006, the first foci for the disease
appeared (Silva and Martinez, 2009). This disease has dem-
onstrated different levels of aggressiveness throughout the
geography of Colombia. It started in the UZ in the 1960s,
where its effects were devastating (Franqueville, 2003).
Afterwards, the disease appeared in the 1990s in the EPCZ
(Tovar, 2014) and, although its incidence almost reached the
entire zone in a period of three to four years (Tovar, 2014),
the recovery of the palms was high. This phenomenon has
been explained by the fact that, in this zone, the wet and dry
seasons are well-defined; however, this explanation has not
been demonstrated. In this region, the producers initially
started to eradicate diseased palms, but, once recovery of
the palms was observed, they developed a practice called
surgery, which consisted of removing all of the affected
tissue in the bud area with the objective of giving way to
healthy tissue and favoring the natural processes of recov-
ery in the diseased palm. This practice was implemented
by producers in subsequently affected zones: the MMRV
and WZ zones. However, the expected recovery was not
seen in these two regions. It was speculated that the failure
of this practice in these two zones was associated with the
fact that, in the first years of the disease’s appearance, there
were historically high rainfalls resulting from the La Nifa
phenomenon between the years of 2005 and 2008 (NOAA,
2014) and that there was alack of coordination between the
affected plantations, which impeded the implementation
of opportune, coordinated and effective regional activi-
ties. At the beginning of the current decade, this disease
was reported in the NCZ; nevertheless, the evolution of
this disease in this zone has yet to show the exponential
behavior that has been seen in the rest of the country. This
has facilitated the development of regional work incentives
that, with coordination among the plantations, generate
preventive and curative management plans, similar to the
work done by plantations in the SCZ under the regional
initiative called “Palmeros Unidos” (Fedepalma, 2014b).

Parallel to the advance of the disease, an interaction has
been reported with R. palmarum, wherein palms are being
destroyed through the invasion of this insect (Martinez et
al., 2009). In this sense, R. palmarum adults are consid-
ered an opportunistic organism that detect the odor of
rotting tissue and initiate the colonization of palm buds.
Their larvae can destroy internal structures and eventu-
ally reach the meristem, resulting in the death of the palm
(Fig. 3). However, to date, no study has been conducted to
measure their impact on palm crops and those that have
been published only offer circumstantial evidence. On the
other hand, in evaluations carried out by the first author
(unpublished data) on 11,000 palms affected by this disease
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in the MMRYV zone between 2008 and 2009, in the expo-
nential phase of the epidemic, only 2.2% were infested with
this insect: 0.3% with pupae, 0.9% with larvae, and 0.9%
with adults, which is a very low incidence rate that did not
demonstrate the superposition of generations and that, as
a result, was not conclusive for determining this insect as
a significant factor in palm deaths.

FIGURE 3. Presence of R. palmarum larvae in oil palm plants affected
by bud rot. Photograph provided by Cenipalma to the MIRE-PC project.

Aetiology of the disease

The history of the aetiology of this disease has been approa-
ched from two angles: the infectious approach with Koch’s
postulates and the abiotic approach that considers BR a
physiological result of the palm’s interaction with adverse
environmental conditions. Franqueville (2003); Bergamin
Filho et al. (1998), Franqueville (2003), and Bergamin et al.
(1998) argued for abiotic origins; however, Van der Lande
(1993) and Van der Lande and Zadoks (1999) concluded
that this disease is biotic in nature.

Biotic aetiology

In the biotic discussion, there has been an abundance of
hypotheses, arguments, contradictions, and conclusions
for the responsibility attributable to the organisms in-
volved in this pathogenic process. Fig. 4 shows how, after
almost a century of studies on this disease, Sarria et al.
(2008) agreed with Reinking’s 1928 report, who stated
that Phytophthora sp. is the causal agent of this disease;
nevertheless, it is important to emphasize that this genus
is the only one to have been explicitly discarded by Quillec
(1983). There are also contradictions between the findings;
for example, Ploetz (2007a) reported Thielaviopsis para-
doxa as a possible casual agent but later discarded this idea
in the same year (Ploetz, 2007b), even suggesting that this
disease does not have a biotic origin. Interestingly, with

the exception of viruses, viroids, phytoplasma (Dollet,
1991, 1992; Dollet et al., 1994) and nematodes (Guevara
and Nieto 1999), almost all of the taxonomic groups of
pathogenic microorganisms have been associated in one
form or another with the pathogenesis of this disease
(Franqueville, 2003) (Fig. 4). Specifically, in regards to
casual agents, the following have been implicated: Erwinia
sp. for bacteria (Quillec et al., 1984; Allen et al., 1995);
Thielaviopsis and Fusarium for fungi (Vargas, 1992; Nieto,
1996; Sanchez, 1990; Gémez et al., 2000); and Pythium and
Phytophthora for Oomycete (Quillec et al., 1984; Nieto,
1996; Sanchez et al., 1999; Sarria et al., 2008).

Abiotic aetiology

In the abiotic debate, the majority of authors have used
the approach that nutritional factors have an effect on the
increase or decrease of this disease. However, there are
exceptions from authors such as Pacheco et al. (1985), Go-
mez (1995) and Van Slobbe, (1996), who indicated that the
incidence of this disease is independent of the nutritional
state of the soil or of the plant. Notably, at the foliar level,
the research results have indicated that the disease develops
under conditions of high levels of the macroelements nitro-
gen, calcium, and magnesium and the microelement iron,
and with deficiencies of the macroelements phosphorus
and potassium in conjunction with the microelements zinc,
copper, iron, and manganese. In regards to the soil values, it
has only been reported that a general deficiency of nutrients
is correlated with a higher incidence of the disease. For the
other physicochemical properties of the soil, the findings
agree on the idea that all of the variables associated with
drainage problems, including porosity, water conductivity,
clay content, and compaction, facilitate the development
of BR; likewise, the concentration of exchangeable alumi-
num and pH are variables that are highly correlated with
this disease (Fig. 5, Tab. 1). All of these findings led to the
development of the first disease management programs in
Colombia (Munévar et al., 2001).

In order to evaluate the influence of humidity on the de-
velopment of epidemics, Martinez (2010) reported that the
disease has been more severe in regions with high precipita-
tion, where the dry season is not well-defined, such as in
the WZ or the MMRYV zone. This author noted that one or
two weeks without precipitation results in a reduction in the
number of lesions in the first stages of the disease, which
shows that there is a relationship between precipitation and
the advance of BR; however, this assertion is not supported
by any particular analysis. On the other hand, Venturieri et
al. (2009), in the Para zone of Brazil, found negative correla-
tions between water balance and incidence of the disease
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FIGURE 4. History of research on the biotic aetiology of bud rot disease in oil palm in Colombia. Dotted lines indicate that the study only found an
association between the organism and the disease; solid lines indicate that the author(s) concluded that the organism is the causative agent. Rein-

king(1928) as cited by Franqueville(2003).

when analyzing the moisture parameters with the use of
geographic information systems. When the results from
the biotic and abiotic approaches are compared, the first
shows a larger number of inconsistencies than the second.
This is the reason why opportune management based on
agronomic and cultivation practices, including drainage
management and improvement of the soil fertility, has been
the only method that has demonstrated adequate control,
as has been reported for the EPZ in Colombia (Munévar
et al., 2001; Fedepalma, 2008).
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Agroecological factors, such as the reduction of possible in-
oculum through the eradication of diseased palms and the
existence of vectors of the Orthoptera order, have not been
the object of systematic studies (Gomez, 1995; Franqueville,
2003; Torres et al., 2008a, 2008b; Martinez et al., 2009).

Genetic resistance

Advances have been slow for producing material in palm
genetic breeding programs; since no protocols exist for the
infection of the disease, breeders cannot clearly identify
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FIGURE 5. Diagram representing the studies that have been carried out on the relationship between abiotic factors and the oil palm bud rot. Solid lines
indicate an inverse relationship between the factor and oil palm bud rot and dotted lines indicate a direct relationship. The numbers in parentheses
indicate the number of authors that reported the results, which can be seen in Tab. 1.

TABLE 1. Summary of the principal studies on the relationship between physicochemical variables of the soil and foliar nutrients with the incidence
of oil palm bud rot.

Site  Author Variable %ses:eﬁ?;:::n‘q";?ége
Chinchilla-Lopez and Duran(1999); Acosta and Munévar(2003) Phosphorus -
Chinchilla-Lopez and Duran(1999); Acosta and Munévar (2003) Potassium -
Chinchilla-Lépez and Duran(1999); Viégas et al. (2000) Zinc -
Chinchilla-Lépez and Duran (1999); Viégas et al. (2000); Acosta and Munévar (2003) Copper -

Foliar Viégas et al. (2000) Manganese -
Chinchilla-Lopez and Duran (1999); Acosta and Munévar (2003) Calcium +
Chinchilla-Lopez and Duran (1999); Acosta and Munévar (2003) Magnesium +
De Rojas Pefa and Ruiz (1972); Gémez et al. (2000) Nitrates +
Chinchilla-Lopez and Durén (1999) Nitrogen +
Viégas et al. (2000) Iron +
De Rojas Pena and Ruiz (1972); Gomez et al. (2000); Rodrigues et al. (2000); Hartley (1965); Drainage )
Franqueville (2003)

Rodrigues et al. (2000) Water conductivity -
Acosta and Munévar (2003) Porosity -
Silveira et al. (2001); Acosta and Munévar (2003) Sulfur -
Silveira et al. (2001) Calcium -
Cristancho et al. (2007) Potassium -

Soil Silveira et al. (2001); Acosta and Munévar (2003) Boron -
Silveira et al. (2001); Acosta and Munévar (2003) Copper -
Silveira et al. (2001); Acosta and Munévar (2003) Iron -
Silveira et al. (2001); Cristancho et al. (2007) Manganese -
Acosta and Munévar (2003); Franqueville (2003) pH -
De Rojas Pefia and Ruiz (1972); Gémez et al. (2000) Clay +
Rodrigues et al. (2000); Franqueville (2003) Compaction +
Acosta and Munévar (2003); Franqueville (2003); Cristancho et al. (2007) Aluminum +
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resistant genotypes. Furthermore, in the cases that have
shown a possible resistance response, it could have been the
result of disease escape (Louise et al., 2007; Chinchilla et
al.,2007). However, despite these disadvantages, the hybrid
material Elaeis oleifera H.B.K. x E. guineensis Jacq. has been
reported to be resistant (Amblard et al., 2004; Louise, et
al.,2007; Zambrano and Amblard, 2007; Navia et al., 2014),
as well as seeds with parental sources from material of the
Ekona region of the Democratic Republic of the Congo
(Chinchilla et al., 2007). These resistant materials are being
planted in the most affected zones, WZ and MMRYV, with
positive results to date. Another interesting methodology
was reported by Navia et al. (2014), wherein they used the
epidemiological approach to select for resistant materials.
They calculated the disease progress rate (r) for different
genetic materials and defined the resistance based on this
value. However, possible disease escape cannot be ruled out.

Final considerations

This framework of inconsistencies and reformulations in
the the aetiological question could be caused by the failure
of the classic phytopathological model to give a conclusive
answer, resulting in divergent approaches for this type of
pathosystems. Furthermore, the debate has been centered
on the circumstances of the disease rather than on the
analysis of experimental information.

Another factor revealed in this analysis was the little coor-
dinated work of the research groups, within and between
the institutions that decided to conduct studies on this
disease. There are plantations that, due to their size, can
support research infrastructure and, as a management
strategy, have decided to conduct their own research, lead-
ing to a high number of studies on the disease, generating
redundant studies and contradicting results, in short,
disarticulation between the research groups. Producer
associations exert pressure on research institutes because
of the lack of convincing short-term results and demand
changes in research priorities. Research processes for this
pathosystem require years to obtain results and are halted
under this situation. As a result, the logic of the studies is
based on fears of imminent losses rather than on technical
scientific discussion.

BRis a disease that differs in many aspects from the more
well-known common diseases, including the group of dis-
eases considered by forest pathologist as declines (Manion,
1991; Chinchilla, 2011, personal communication) that has
characteristics that vary from those of BR, mainly in terms
of the temporal and spatial speed of propagation (Manion,

396

1991; Ostry et al., 2011). However, it is plausible that a study
on BR could be focused on a complex analysis scheme as
proposed by Wallace (1978) and Ostry et al. (2011), who
agreed with Franklin et al. (1987), and Hyink and Zeda-
ker (1987) that this type of disease has both pathological
and ecological problems and that, in order to establish
diagnostic methods, studies must be carried out with a
synoptic approach with multiple regression equations.
Nevertheless, Wallace (1978) recommended that, in order
to decide whether or not to consider determinant factors of
the disease, researchers must select the more probable; in
this sense, there has been a return to the report by Sinclair
(1967) and Ostry et al. (2011), who summarized declines
into three groups: predisposing factors, inciting factors, and
contributing factors, which can be used as a study scheme
for future research on BR.

Finally, as with decline diseases, it is clear that it is not
necessary to create a group of different diseases for their
classification and that the concept of a disease triangle
as proposed by Ostry et al. (2011) and Scholthof (2007) is
sufficient for explaining any pathogenic process; therefore,
and by way of summary, considering that the cause and
effect relationship between the elements of the triangle
of the disease are not being fully quantified or validated
and a comprehensive view of the problem is not being
undertaken, the aetiology of this disease will not be fully
understood, culminating in the consequences already seen
in the devastated regions.
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