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Authors abstract

Hanny L. van de Lande, 1993. Studies on the epidemiology of spear rot in oil palm
Elaeis guineensis Jacq.) in Suriname.

The epidemiology of spear rot, an infectious disease of unknown etiology, was studied
over 10 years at three government-owned oil palm plantations in Suriname. As with other
and similar diseases, amarelecimento fatal in Brazil and pudricién del cogollo in Latin
America, which too show rot and yellowing, fatal to the young leaves, the affected trees
die. Remission of symptoms may occur more than once during the life of a diseased
palm, but is not permanent. A combination of classical and modern methods, used to
analyze the temporal and spatial patterns of disease spread in the plantations, led to the
conclusion that (i) there were two different patterns of dispersal, (ii) initial inoculum
sources were outside the plantation, (iii) the disease was vector-transmitted (iv) disease
increased logistically, and (v) dispersal was influenced by the wind. A situation where
diseased trees were maintained to harvest the last bunches, led to the conclusion that
blocks be abandoned at about 40% disease incidence. At that point yield was down to
50% and marginal profits from extra bunches turned to losses. Recommendations for
plantation-managers and policy-makers dealt with problems of replanting, opening up new
oil palm areas and prioritizing research on spear rot.

Keywords: amarelecimento fatal, critical point assessment, decision making, disease
pattern, epidemiology, fatal yellowing, geostatistics, gradient, plantation management,
pudricién del cogollo, remission, spatio-temporal analysis, symptomatology.



Resiimen del autor

Hanny L. van de Lande, 1993. Estudios sobre la epidemiologia de la pudricién de l1a
flecha en la palma aceitera (Elaeis guineensis Jacq.) en Suriname.

La epidemiologia de la pudricién de la flecha, una enfermedad infecciosa de una etiologfa
desconocida, fue estudiada durante diez afios en tres plantaciones de palma aceitera que
son propiedad del gobierno de Suriname. Cémo en otras enfermedades similares, tales
cémo ’amarelecimento fatal’ en Brazil y ’pudricién del cogollo’ en la America Latina,
las cuales también originan pudricién y amarillamiento, que son fatales para las hojas
jovenes y finalmente producen la muerte del arbol. Remisién de los sintomas observada
no era permanente. Una combinacién de metodologias clasicas y modernas, usada para
analizar los modelos de diserinacién de la enfermedad en las plantaciones en ¢l tiempo
y en el espacio, aporto las siguientes conclusiones: (i) hay dos modelos diferentes de
dispersién, (ii) las fuentes iniciales de inoculo prosedian de fuera de la plantacién, (iii)
la enfermedad fue transmitida por vectores, (iv) la enfermedad aumenté de manera
logistica y (v) la dispersi6n de la enfermedad estaba enfluenciada por el viento. De una
situacién en que los drboles enfermos fueron mantenidos hasta la recoleccién de los
dltimos racimos, se puede concludir que las parcelas deben de abandonarse cuando la
enfermedad ha afectado al 40% de los drboles. En este punto el rendimiento de la cosecha
disminuye un 50% y los beneficios marginales de racimos supplementarios se convierten
en pérdidas. Las recomendaciones a gerentes de plantaciénes y estrategas politicos
implican problemas de replantacién, apertura de nuevas dreas para el cultivo de la palma
aceitera y prioridades para la investigacién de la enfermedad.

Palabras clave: ‘amarelecimento fatal’, determinacién del momento critico, tomar
deciciones, modelo de la enfermedad, epidemiologfa, *fatal yellowing’, la ’geostatistics’,
gradiente, gerencia de plantacién, pudricién del cogollo, remisién, andlisis en el tiempo
y en el espacio, sintomatologifa.




Resumo do autor

Hanny L van de Lande, 1993. Estudos sobre a epidemiologia da podridio da flexa no
dendé (Elaeis guineensis Jacq.) no Suriname.

A epidemiologia da podridfio da flexa, uma doenga infecgiosa de etiologia desconhecida,
estudada num periodo de dez anos, em tres plantacios de dendé, de propiedade do
governo do Suriname. Como em outras doengas similares, amarelecimento fatal no Brasil
¢ ’pudricién del cogollo’ na América Latina, que também mostram podridio e
amarelecimento que sio fatais para as folhas jovens, as drvores afetadas morrem. Pode
ocorrer reducao de sintomas mais de uma vez durante a vida de uma drvore doente,
porém nio € permanente. Uma combinacio de métodos cldssicos e modernos usados para
analizar a desiminagdo da doenga, no tempo € no espaco, nas plantagios levou a
conclusdo que (i) sc trata de dois modelos diferentes de dispersdo, (ii) as fontes iniciais
de infecgdo eram fora da plantagdo, (iii) que a doenca foi transmitida por vetores, (iv) a
doenga aumenta logisticamente ¢ (v) a dispersao foi influenciada pelo vento. Baseado na
situacéo onde as drvores doentes foram mantiadas para colher os ultimos cachos, pode-se
concluir, que parcelas deven ser abandonadas quando a incidencia da doenga chega a
40%. Neste ponto o rendimento de produgio diminui ate 50% e os lucros marginais
destes cachos se convertem em prejufzos. Faz-se recomendag@ios aos gerentes de
plantagios ¢ estrategistas politicos a respeito de problemas de replantio, aberture de novas
areas para dendé e priorodade de pesquisas sobre a podridio da flexa.

Palavras chave:  amarelecimento fatal, analise espaco-temporal, determinagio doponto
ctitico, epidemiologia ’'fatal yellowing’, ’geostatistics’, gerenciamento de plantacio,
gradiente, padrio de doenga, ’pudricion del cogollo, remisséo, tomada de decisdo,
sintomatologia.



Résumé de 1’auteur

Hanny L. van de Lande, 1993. Etudes sur 1’ épidemiologie de la pourriture de [a fléche
dans le palmier d’huile (Elaeis guineensis Jacq.) au Suriname.

L’ épidemiologie de la pourriture de la fleche, une maladie infectieuse d’éticlogie
inconnue, fut etudiée pendant dix ans 2 trois plantations au palmier d’huile apportenant
au gouvernement de Suriname. Comme d’autres maladies similaires *amarelecimento
fatal’ au Brésil et "pudricién del cogollo’ en Amerique hispanophone, qui ce manifestent
également comme pourriture et de jaunissement les arbres affectées meurent. Rémission
des symptomes ce peut passer plusieures fois pendant la vie d’une palme malade, mais
elle n’est jamais permanente. Une combinaison de méthodos classiques et modernes,
utilisées pour analyser le développement temporal et spatial de la maladie dans les
plantations, permet de conclure que (i) il y avait deux fagons differentes de dissémination,
(i1} que les sources initiales de 1'inoculum se trouvaient en dehors des plantations, 9iii)
la maladie fut transmise par des vecteurs, {(iv) la maladie progresse suivant le modele
logistique et (v) la dissémination fut influencé par le vent. Une situation permettant de
maintenir les arbres malades & fin de récolter les derniers régimes laisse conclure que les
parcelles doivent étre abandonés une incidence de la maladie de 40%. A ce point le
rendement est reduit & 50% et le profit marginal des régimes supplémentaires devient
ngatif, Des récommendations ont été soumise aux gérants de plantations et aux politiciens
sur les problemes de la réplantation, du défrichage de nouveaux terrains pour la culture
du palmier huile et des prioritées de recherches sur la pourriture de la fleche.

Mots-clé:  ’amarelecimento fatal’, analyse temporal et spatial, décisions, distribution
de la maladie, épidémiologie, ’fatal yellowing’, géostatistique, gradient, management de
la plantation, point crtique, "pudricién del cogollo’, rémission, symptomatologie.
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'We shall find the real epidemic muddy and uncomfortable. And the
explicit and logical analysis of our scattered observations is not less
comfortable than the statement of generalities, it also puts our cards
on the table for all to see. Nevertheless, we must put or shut up,
striving constantly to use to the utmost the knowledge accumulated
with such pain’ (Waggoner, Paul E., 1962, Weather, space, time and
chance of infection. Phytopathology 52: 1100-1108).




1. Introduction

Importance of oil palm cultivation

African oil palm (Elaeis guineensis Jacq.) is one of the important oil producing
crops in the world. Total world production is over 8 million tonnes of palm oil.
Malaysia, the main palm oil producer, has a planted area of close to 2.0 million
hectares (Anonymous, 1989a) and produces about two thirds of the world palm
oil total. Qil palm is of considerable importance to South and Central America.
The high market value of palm oil in the world, the need to cope with the
demand of increasing populations, and the necessity to replace imported oils,
to save foreign currency, contributed to a rapid establishment of large oil palm
plantations. In South America, Colombia is the main producer with a planted
area of over 115.000 hectares of African oil palm. Suriname, a republic since
its independence, is situated in the north of South America, bordered north by
the Atlantic Ocean, east by French Guiana, west and south by, respectively,
Guiana and Brazil. The oil palm plantations discussed in this study are situated
at about the 5th degree Northern Latitude. The climate is tropical and humid
with an annual mean temperature of about 26° C. Four annual seasons can be
distinguished, the major rain season from May to mid August, the major dry
season from mid August to November, the minor rain season from December
to mid February, and the minor dry season from mid February to April. In
Suriname, oil palm ranks third in importance among the agricultural crops after
rice and bananas. With the establishment of the oil palm industry more
possibilities were created for the development of the interior and the substitution
of imported edible oils.

The estimated essential fat requirement per capita is about 20 kilograms per
year. With an average production of 20 tonnes of fresh fruit bunch (FFB) per
hectare and an area of 3.000 hectares, it should have been possible to obtain an
annual production of 60.000 tonnes of FFB. Assuming an oil extraction of 13%
approximately 7.800 tonnes of crude palm oil would have been produced.
Around 1981 the population of Suriname counted approximately 380.000
persons. Based on an area of 3.000 hectares the average availability of palm oil
per capita was estimated to be about 20 litres per year. In order to meet the
local requirements and to export part of the crude oil, the planted area was
more than doubled between 1982 and 1986 (Table 1).

11



Table 1.  Planned, planted and productive areas (in hectares) of African oil
palm in Suriname between 1980 and 1992.

Plantation Area Planted area Productive area
planned

1980 | 1986 April April

1991 1992

Victoria 1.650 1.650 | 1.710 700 200

Phedra 876 600 876 800 850
Patamacca 5.000 - 3.295 -- --
Smalihoiders 307 307 307 100 --

Total 7.833 2.557 | 6.188 1.600 1.050

* Productive area approximately 1.800 hectares.
* Productive area approximately 4.400 hectares.
-~ Not productive.

The first commercial plantation of oil palm, Victoria, was initiated in 1969.

Eight years later Phedra was started, followed by the establishment of the
Patamacca plantation between 1981 and 1986. The plantations, all government-
owned, are situated in the interior of Suriname in the districts of Brokopondo,
Para and Marowijne, respectively. The smallholder plantings are situated next
to Victoria at its southern border.
This complex of palm oil production and processing industries offered
employment to over 700 persons in 1986. With the area of oil palm extending,
the import of edible oil became superfluous and the possibility of establishment
of other local industries such as soap factories came within reach.

In early 1992, the total planted area had shrunk from about 6.200 (in 1986)
to approximately 5.100 hectares, of which only 1.050 hectares of oil palm were
in production. At Victoria and Phedra, the planted area decreased to
approximately 40%, primarily due to spear rot or fatal yellowing. The largest
and youngest area, Patamacca, needs to be cleaned from weeds and affected
trees after a 5 year period of negligence resulting from inaccessibility of the
plantation (Van de Lande, 19902} due to political problems in the interior of the
country.
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Occurrence of spear rot or fatal yellowing in Suriname

The most important phytosanitary problems in the cultivation of the African oil
palm in Suriname are spear rot or fatal yellowing, an infectious disease of
unknown etiology, Marchitez sorpresiva (Van de Lande, 1986), attributed to
flagellates, and Castnia daedalus, an insect pest. As a result of years of
research on the latter two problems, effective control possibilities are within
reach (Genty, 1981; Van Slobbe, 1983). Spear rot, a fatal disease with limited
control possibilities in the short run is considered the number one problem of
oil palm (Van de Lande, 1986, 1990a) in Suriname, and in all of Latin
America.

Spear rot or fatal yellowing is a disease which is characterized by rot of
spears and a gradual chlorosis, which starts in the youngest leaves and proceeds
with time to the middle and older leaves. The name spear rot is the English
translation of the Dutch word ’speerrot’, generally accepted in Suriname. The
explanatory addition of ’fatal yellowing’ is used in accordance with the
nomenclature by Turner (1981) to keep in line with the Spanish ’pudricién del
cogollo’ and to distinguish it from ’pudricién de la flecha’, which is a non-fatal
problem in oil palm.

The disease was found for the first time around 1976 in a 4 year old planting
of Victoria. For years, spear rot only occurred incidentally in a few blocks. Six
years later, in 1982, focal development of the disease was encountered in
several blocks of the 1972 to 1973 and the 1980 plantings in the north of
Victoria (Van de Lande, 1986). Between 1982 and 1984, discased trees were
eliminated immediately after detection during phytosanitary rounds. Meanwhile,
research was started to elucidate the etiology, symptomatology and the
epidemiology, and to control the disease. In spite of several phytosanitary
measures disease progress was exponential in several blocks of northern
Victoria. Considering that diseased trees bore normal bunches, that they had an
average disease duration of two and a half to three years and that the plantings
in northern Victoria were economically of high age, the management of Victoria
decided to maintain most of the affected palms in the northern part of the
plantation to benefit from their production as long as possible (Van de Lande,
1990a). In spite of eradication of affected trees in the initial stage of the
disease, which was carried out in the southern part of Victoria between 1985
and 1990, the disease continued to spread within blocks. At the same time spear
rot started to spread throughout the smallholder plantings which, since they
were deprived of any phytosanitary action, probably contributed to the infection
of the southern part of Victoria.
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Pudriciéon del cogollo and amarelecimento fatal in South America

The first mention of a disease with similarities to spear rot or fatal yellowing
in Suriname dates back to the early sixties from the Arenosa plantation in
Turbo, Colombia (Turner, 1981). Within few years a disease, named pudricién
del cogollo (PC), wiped out the entire plantation (Turner, 1981; Renard and
Quillec, 1984; Anonymous, 1989b). The disease was also present in Panama
and probably in Nicaragua (Van Slobbe, 1990). In the early eighties, a
transition from isolated cases to focal development of a disease, named
amarelicimento fatal (AF; Martins e Silva and Oliveira Freire, 1990) was
observed at the Paricatuba plantation near Belém in Brazil, very similar to the
spear rot situation at Victoria (Van de Lande, 1986) in Suriname. About 1983
mention was made of a comparable PC problem occurring at plantations in
Ecuador (Perthuis, 1990b). The number of plantations afflicted with these
respective diseases has grown steadily since.

The disease continues to spread in the affected plantations and no effective
means of control are available yet. Replanting of formerly affected and cleared
areas is not recommended considering the danger of infection of the newly
planted areas at a young age (Anonymous, 1974; Turner, 1981; Renard and
Quillec, 1984; Van de Lande, 1990b), so that investments in the layout of
plantations and in corollary infrastructure are lost.

Spear rot endangering the oil palm cultivation in Suriname

In Suriname oil palm has been cultivated at a commercial scale for over 20
years now. With the growing number of diseased trees developing towards the
advanced stage of spear rot, the production of bunches decreased steadily and
maintenance costs increased because of weed development in areas with almost
defoliated palms. The management of Victoria was left no choice but to
abandon, burn down and clear the heavily affected blocks as soon as these were
no longer of economical interest. The consequences are tremendous. Labour
costs went up because of increased activities in the phytosanitary and
maintenance section and the yield of fresh fruit bunches decreased gradually.
In 1992, with the originally planted area of Victoria reduced to less than one
seventh within 10 years after focal outbreaks of disease, the continuity of oil
palm cultivation in Suriname and of the employment of over 400 people is
endangered. An important part of the edible oil needs is met again by imports
of, predominantly, soybean oil.

14




Research on spear rot and other fatal yellows in Suriname and elsewhere
in South America

After finding focal development of the disease in 1982, the frequency of
phytosanitary rounds at Victoria was increased in order to localize the affected
trees earlier. Between 1982 and 1990, research efforts were focused in the
fields of agronomy and pathology. Experiments were undertaken to

1. test the effect of applications of micro-nutrients (Van Slobbe, 1984),

2. evaluate the effect of surgical removal of affected parts and treatment of the
wound with disinfectants (Van de Lande, Cloesen and Jubithana,
unpublished),

3. isolate and test the pathogenicity of several fungi and bacteria (Van de
Lande, 1984),

4. evaluate the prophylactic treatment of supposedly healthy trees with a
variety of chemicals (Van Dijk and Van de Lande, 1990; Van de Lande,
unpublished), and

5. eradicate the disease by cutting isolated trees and trees in foci including a
border area (Van Slobbe, 1984; Van de Lande, 1990a).

In the southern part of Victoria, between 1985 and 1990, affected trees were
killed immediately after their detection during phytosanitary rounds. But as a
result of ongoing problems of political nature in the interior of Suriname during
the same period, the day-to-day routine at the plantations suffered. Too often,
phytosanitary rounds were interrupted for days or even weeks so that affected
trees could be killed in an advanced stage only. Despite all actions the disease
did not slow down at Victoria, At Phedra and Patamacca, affected trees were
removed except for the troublesome period in the interior between 1986 and
1990 (Van de Lande, 1990a).

The fatal character and the wide occurrence of ’spear rot’ in Suriname,
‘amarelecimento fatal’ in Brazil and ’pudricién del cogollo’ in Spanish speaking
countries in South and Central America urged several scientists working in the
field of oil palm throughout the world to combine their research strengths
{Martins e Silva and Oliveira Freire, 1990) to gain insight in the eticlogy,
epidemiology and control of these diseases.

During the past five years research concentrated in the fields of
phytopathology, entomology, virclogy, agronomy and breeding (Anonymous,
1989b). Preliminary results were presented at an international seminar devoted
to spear and bud rot diseases, held in Paramaribo, Suriname, 1988 (Barcelos
and Amblard, 1990; Celestino Filho and Lucchini, 1990; Louise, 1990; Martins
e Silva and Oliveira Freire, 1990; Perthuis, 1990a, Van Dijk and Van de
Lande, 1990; Van de Lande, 1990a and Van Slobbe, 1990). In the short run,
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no effective control means are available. In the long run, solutions are to be
found in breeding for resistance which will take some twenty years more
(Barcelos and Ambiard, 1990).

Qutline of this thesis

Studies on the epidemiology of spear rot of African oil palm in Suriname began
in 1983, Chapter 1 summarizes the situation of oil palm and the detrimental
effects of spear rot or fatal yellowing on this crop in Suriname, South America.
In chapter 2 symptomatological and histopathological studies are reported to
find indications about the etiology of the disease. In chapter 3 the symptom
remission is studied to elucidate the origin of fluctuations in the occurrence of
remission. In chapter 4 disease progress in time is analyzed and four
mathematical models are fitted to the disease incidence data. Epidemics in the
Victoria and Phedra plantations, with their different disease histories, are
compared in chapter 5. Epidemic rates are related to environmental parameters.
The spatial pattern of spear rot epidemics in selected blocks at Victoria and
Phedra is analyzed in chapter 6 by semivariogram and gradient analysis to gain
insight in the behaviour of the disease and to trace physical and biological
mechanisms which may underlie the development of spatial patterns. In chapter
7 the relation between the evolution of spear rot progress and the decrease in
fresh fruit bunch yield is studied to determine the critical point where bunch
yield becomes limiting because of accumulating losses. The results of this study
are intended to provide recommendations for optimal management of the
plantations (chapter 8).
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2. Overview of spear rot or fatal yellowing of African oil
palm in Suriname, South America

(Submitted, author Hanny L. van de Lande)

Abstract: For more than eight years studies were conducted on the
epidemiology and symptomatology of spear rot or fatal yellowing, a disease of
unknown etiology in oil palms in Suriname. The palms were studied in different
developmental stages of the disease. Remission of disease occurred in individual
palms but was not permanent. Symptom expression and disease duration could
differ between young and adult palms. Seasonal variation in symptomatology
was present. Histopathological studies carried out by light microscopy did not
reveal the presence of microorganisms in association with spear rot affected
tissue. Intensification of research is urgently needed to provide more insight into
the epidemiology and control of this devastating disease.

Keywords: Elaeis guineensis, fatal yellowing, epidemiology, symptomatology,
seasonal variation, histopathology.

Introduction

Spear rot or fatal yellowing (Turner, 1981) of oil palm (Elaeis guineensis Jacq.)
was first detected in Suriname at the Victoria plantation about 1976 (Van de
Lande, 1986). A disease similar to spear rot and known as pudricién del
cogollo (PC) in Turbo, Colombia (Turner, 1981; Anonymous, 1989), wiped out
the entire Arcnosa plantation during the early seventies. The disease is also
known under that name in other Spanish speaking countries in South and
Central America. The most important feature of PC is chlorosis of the young
leaves, accompanied by partial rot of the spear leaves. In Brazil, a disease
similar to spear rot (Van de Lande, 1986) and known first as guia podre,
podriddo da flecha (Van Slobbe, 1990a) and podriddo do broto final (Van de
Lande, 1986) was later renamed amarelecimento fatal (AF) according to Van
Slobbe (1990a). The palms affected by spear rot, amarelecimentc fatal and
pudricién del cogollo ultimately die (Van de Lande, 1986; Anonymous, 1989;
Perthuis, 1990a; Van Slobbe, 1990b).
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Spear rot or fatal yellowing of oil palm is a disease of unknown etiology
(Van de Lande, 1990b). The disease has an epidemic character (Van de Lande,
1986; 1990b). In earlier studies (Van de Lande, 1984) no pathogenic fungi and
bacteria could be isolated from affected spear leaves of diseased palms. The
economic significance of the disease in Suriname is beyond doubt, and the
exploitation policy of the plantations had to be changed radically (Van de
Lande, 1990a).

This study attempts to give an overview of the epidemiology,
symptomatology and histopathology of palms affected by spear rot or fatal
yellowing at three plantations in Suriname.

Materials and methods

Locations and observation period. Between 1982 and 1991 more than 400
palms were examined externally and internally at plantations in Suriname;
Victoria, Phedra and Patamacca (Figure 1), located in the interior in the
districts of Brokopondo, Para and Marowijne, respectively. In addition, several
hundreds of palms were examined for external symptoms at these plantations
in dry and rainy seasons.

Layout of the plantations. The plantations are divided in blocks or subblocks.
In most cases palms were planted in rows according to a triangular 9x9 m or
8.5x8.5 m design.

Disease assessment. Spear rot incidence (= proportion of diseased trees relative
to the total number of trees) was assessed through frequent detection rounds by
technicians of the phytosanitary departments at the respective plantations and
by the author who, in an area infested by spear rot, inspected all trees for the
initial symptoms of the disease. For examination of the internal symptoms,
selected palms were felled and dissected by chain saw, machete and dissecting
knife.

Developmental stages. The initial, advanced and final stages of the disease were
assessed according to procedures reported earlier (Van de Lande, 1986). The
three characteristic stages of development of the disease were: slightly affected
palms with few chlorotic leaflets in one leaf, palms with up to ten chlorotic
leaves, and palms with over ten chlorotic and/or broken central and middle
leaves respectively. Chlorosis of central leaves is usually accompanied by rot
of spear leaves.

20




Paramaribo

P o=,
adlamacca,_

]
.. Suriname

Figure 1. Situation of the Victoria, Phedra and Patamacca plantations
in Suriname, South America

Disease duration. Once a palm is affected by spear rot the tree might go back
and forth to a certain developmental stage of the disease (Van de Lande, 1986);
the approximate period to any disease stage was assessed by calculating the time
elapsed since the first detection date of initial symptoms.

Histopathological studies. From June to October, 1989, anatomical studies with
light microscope were made from leaf and stem tissues of young and adult
palms in varying developmental stages of spear rot at Victoria. Tissues sampled
at comparable locations in green, supposedly healthy oil palms served as a
check. Palms in various developmental stages of the disease were chosen at
random from blocks of different planting years. The palms were felled by chain
saw. Starting with approximately leaf number thirty, a palm was stripped leaf
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by leaf and petioles and rachis were dissected to study the symptoms of the
young leaves and inflorescences. When some of the palms examined lacked the
youngest unfolded leaves, samples for anatomical examination were taken
generally from the petiole just below the lowermost leaflets, and from rachides
of the spear leaves (numbers -1 to -7, number -1 being the oldest spear leaf and
the first one to expand; the youngest expanded leaf is leaf number 1) including
the young central leaves present. Trunk tissues were sampled about ten
centimetres below the growing point. In green palms samples were taken from
locations corresponding to those described for affected palms. Frechand
longitudinal and cross sections of the fresh material were mounted in water or
in a solution of cotton blue in lactophenol for examination under the light
microscope.

Results

Topography of plantations. Plantations were arranged in blocks of variable
sizes and shapes, depending on the topography, with areas from close to three
to over 40 hectares. Blocks (at Victoria-North numbered 1 to 35) were irregular
in shape due to gullies and marshy areas (Figure 2). The plantations in
Suriname are surrounded and intersected by primary and/or secondary forest.

First appearances. Spcar rot was found in all ages of plantings, irrespective of
the provenance of the material and of soil types. At all three plantations,
initially, isolated palms with spear rot were found predominantly at the border
and, occasionally, in the centre of a block. The disease appeared in foci of three
to four trees from 1982 onwards.

Year of first disease record. Spear rot was found for the first time about 1976
at Victoria in the 1972 plantings. The disease increased notably during 1982 in
the 1972 and 1973 plantings. In a 1980 block, spear rot was observed within
one year after planting. At Phedra, spear rot was seen in 1981 in the 1978
plantings; it increased steadily. Focal development occurred within three years.
In young plantings of Patamacca, the disease was observed within two years
after planting but it stayed at a low level.

In conclusion, early records of spear rot were made between one and four
years after planting, at the three plantations in Suriname.
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Figure 2. Situation of the Victoria plantation (Suriname), and blocks
in the northern part { in black: forest, swamp area and
gullies).

Disease duration. Observations of adult palms in highly infested areas at
Victoria indicated an average duration of spear rot symptoms from the initial
(only few leaflets of one leaf affected) to stage three (less than ten green outer
leaves left) of the disease development between one and a half and two years.
The shortest period from initial to final stage was ten months.

Disease situation. At Victoria, disease progress of spear rot was linear at first
but by mid 1985 a transition to exponential growth was observed. By 1989
about one third of the planted area at Victoria was abandoned, mainly because
of tree death due to the disease; early in 1992 less than one fifth of the area was
still in production. Over 85% of the planted palms were diseased or dead. At
Phedra over 10% of the palms were affected in 1992. Here, diseased and
suspected palms were cut at regular intervals after detection during monthly
inspection rounds, as a phytosanitary precaution. Both at Victoria and Phedra
there are indications that spread of the disease is influenced by the direction of
the wind. At Patamacca, up to 1986 affected palms were removed immediately
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after detection during phytosanitary visits at monthly intervals. Due to the
political situation in the interior of Suriname there was no access to this
plantation for almost 5 years. At the end of 1986 spear rot incidence at
Patamacca was less than 0.001.

Control measures. Removal of affected trees in the south of Victoria between
1988 and 1990 and at Phedra between 1988 and 1991, within two days after
their detection during phytosanitary rounds at approximately one month
intervals, did not stop the disease spread. At both plantations disease progress
was exponential. At Patamacca no phytosanitary measures were carried out
between 1987 and 1991.

The hybrid of Elaeis oleifera and E. guineensis descending from crossings of
Colombian and Surinamese oleifera and planted in a one hectare plot in north
Victoria in 1978, appears to be resistant to spear rot. In all blocks surrounding
this plot the majority of palms are either affected or killed by spear rot.

Histopathology. Histopathological studies were carried out at Victoria between
April and November during the rainy and dry seasons of 1989. Out of 24
affected palms from the planting years 1971, 1973, 1974 and 1984, eleven trees
were in the early stage of the disease and were detected less than six months
before dissection. The remaining palms were in the advanced or in the
remission stages of the disease and were approximately between six months and
two years with spear rot symptoms. The presence of tyloses and gum-like
substances was assessed in samples taken from the rachides and petioles of
affected spear leaves. Only 5% of vascular bundles showed partial blockage.
Parenchyma, sclerenchyma and phloem tissues generally appeared normal.
Xylem and sclerenchyma displayed a brown colour when high numbers of
xylem cells were blocked. One young (1974) palm showed irregularly dispersed
brown spots in the trunk tissues below the apex. Here, the parenchyma showed
meristematic cells and blockage of xylem cells. The majority of young male and
female inflorescences, enclosed in their spathes, were brown or glossy. There
were no microorganisms found in association with the phloem, xylem or
parenchyma cells. Tissues from supposedly healthy palms, used as a check,
showed no deformations whatsoever.

24




*9911 paseasip 2y} Jo doy
1|[J oY) 0) Sunsenuod AYIesy oY) Ul WI0) IB[NIILY JY} jou

{S9ABI] [BIUSO JO SISOIOMYD YIm (WYI1I) urjed paseasip pue
(y2op) 2°n Ayyesy ‘wyed (1o ur Sumofa£ jeyey Jo jo1 Ieadg

"¢ oan31y

25




Figure 4. Spear rot or fatal yellowing in ocil palm. Broken spears and

chlorosis (see arrow) of young leaves.
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External symptoms. Palms in the initial stage of spear rot presented necrotic
patches in several leaflets of one or more spears and chlorosis of a few leaflets
in unfolded leaves 1, 2 or 3. In some palms, however, chlorosis was hardly
visible. The yellowish colour could be restricted to one part of a leaf or could
have an irregular pattern. Young palms in the early stage of spear rot had a
more pronounced drying of leaflets than adult palms. In the advanced stage
(over six months) more leaves had chlorosis (Figure 3) and often one or more
spears were broken (Figure 4) in the middle or near their base. With time
chlorosis gradually spread from the central (usually, leaves one to ten) to the
middle leaves (usually, numbers ten to twenty). In the advanced to final stages
(Figure 5) all central leaves and most of the middle leaves were broken, giving
the trees a flat-top appearance (generally, over one and a half years with spear
rot). During the dry season young chlorotic leaves had a pronounced yellow to
orange-yellow colour, as compared to the rain season when chlorosis tended
more towards yellowish-light green. Breaking of spear leaves occurred during
heavy rainfall, mostly at the onset of the rain season.

Irrespective of the disease stage or age of palms, bunches appeared normal
in the first and second year of spear rot. They became smaller towards
advanced stages of the disease, when fewer leaves were left.

Remission of the disease, indicated by the production of new green and
seemingly healthy, though slightly smaller than normal, leaves occurred in
individual palms irrespective of the disease stage. The remission phase could
last from less than one to over six months. A single tree could pass through the
remission phase more than once.

Internal symptoms. Irrespective of the external symptom expression internal
symptoms could be quite variable. Whereas some palms with the initial
symptoms of chlorosis and rot of spears showed no or only slight rotting of
rachis and leaflets of spears, other palms with comparable external symptoms
showed advanced wet rot of young enclosed spears, sometimes including the
apex. Generally speaking rot of spears remained over 40 cm away from the
growing point in adult palms over one year old. In young palms however apex
rot occurred more frequently. Rot of the upper part of inflorescences, enclosed
in their spathes, occurred more frequently in young than in adult palms.
Independent of age or seasonal variation rot of spears was either watersoaked
or dry.

Studies, performed on eight adult palms revealed only a few secondary roots
with slight tip necrosis. In two supposedly healthy palms root tip necrosis was
incidentally found.
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Discussion

Occurrence of spear rot. Considering the geographical location of most early
disease cases, irrespective of plantation, there seems to be a relationship
between early disease incidence in the border of a block and the nearby
presence of secondary or primary forest in Suriname as in Ecuador (Perthuis,
1990a).

Considerable concern arose in the early 1980°s with the transition of isolated
to focal incidences (Van de Lande, 1986, Van Slobbe, 1990a}. A substantial
increase of the disease was found in 1982 to 1983 in Surinamese plantations as
well as with AF in Brazilian (Van de Lande, 1986; Van Slobbe, 1990b) and
with PC in Ecuadorian plantations (Perthuis, 1990a). At most plantations in
Suriname and in Brazil (Van de Lande, 1986) disease developed initially in one
to four year old plantings and later in plantings of other ages.

Incubation fime. Since the disease could be found within one year after planting
healthy young palms in a cleared area, the incubation time must be about one
year or slightly less. An incubation pericd of about 15 months was assumed in
plantings in Ecuador (Perthuis, 1990b). In Colombia the incubation period of
PC appeared to be about one year (Turner, 1981; Van de Lande, 1990b).

Age dependant susceptibility. Trees of any age may be affected and there is
little evidence of an age dependant susceptibility in palms affected by spear rot
or fatal yellowing. Symptom expression, however, may depend on the age of
the tree. Similarly, PC and AF were found in trees of any age (Turner, 1981;
Van Slobbe, 1990b).

Disease duration. Discase duration in the plantations of Suriname varied from
about one to two years. Similar variation was observed elsewhere (Colombia:
Turner, 1981; Brazil: Van de Lande, 1986; Van Slobbe, 1990b). Typically,
disease duration of PC in Amazonian Ecuador was much shorter, about two
months or less (Perthuis, 1990b). Disease duration at Victoria, Suriname,
seemed to be 24 to 36 months in the early years (Van de Lande, 1984, 1986).
In recent years (around 1991} disease duration was about two years, or less.
This shortening might be an effect of increased inoculum pressure in blocks
where the affected trees were not regularly removed since 1985 (Van de Lande,
1990a). Lack of maintenance caused the continuous presence of weeds (Van de
Lande, 1990a). The shortening of the disease duration might be due also to
increased competition by weeds as a consequence of negligent management.

29






