
Received for publication: 13 November, 2014. Accepted for publication: 30 March, 2015. Doi: 10.15446/agron.colomb.v33n1.47199

1 Oil Palm Biology and Breeding Research Program, Colombian Oil Palm Research Center (Cenipalma). Bogota (Colombia). hromero@cenipalma.org
2 Department of Biology, Faculty of Science, Universidad Nacional de Colombia. Bogota (Colombia)

Agronomía Colombiana 33(1), 36-42, 2015

Phenology of the reproductive development of Elaeis oleifera (Kunth) Cortes
Fenología del desarrollo reproductivo de Elaeis oleifera (Kunth) Cortes
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ABSTRACT RESUMEN

The phenological stages of oil palm can be coded using the 
BBCH scale, which has three digits due to the inclusion of in-
termediate stages between the principal and secondary stages in 
order to provide greater detail on each developmental stage. For 
the phenological description of the reproductive development 
of Elaeis oleifera, the principal stages used were emergence of 
inflorescence, flowering, fruit growth and development, and 
fruit ripening. The observations were made in Colombia over 
a 12 month-period on E. oleifera palms planted in 1991; the 
observations were made on the daily course or depending on 
the development stage. The duration of each phenological stage 
was measured in days. Thus, the appearance of new leaves took 
20.1±2.8 days, reaching preanthesis I (601) took 145.09±19.61 
days, from this stage to preanthesis II (602) took 7.50±1.50 
days, then to preanthesis III (603) took 7.39±1.56 days and 
finally to anthesis (607) took 5.74±1.32 days. At the population 
level, it was found that the phenology cycle of inflorescence is 
annual and that the production of flowers and the opening of 
inflorescences with pistils is asynchronous.

Los estadios fenológicos de la palma de aceite pueden ser 
codificados de acuerdo a la escala BBCH, que consta de tres 
dígitos, debido a la inclusión de mesoestadios entre los estadios 
principales y secundarios con el fin de presentar más detalles 
de cada etapa de desarrollo. Para la descripción fenológica del 
desarrollo reproductivo de Elaeis oleifera se tomaron como base 
cuatro de estos estadios principales: emergencia de inflorescen-
cias, floración, crecimiento y desarrollo de fruto y maduración 
del fruto. Las observaciones se realizaron en Colombia sobre 
palmas de E. oleifera sembradas en 1991, durante un período 
de 12 meses; las observaciones se realizaron diariamente o 
dependiendo de la etapa de desarrollo. La duración de cada 
etapa fenológica se midió en términos de días. Así, la aparición 
de nuevas hojas tomó 20,1±2,8 días, llegar a preantesis I (601) 
145,09±19,61, de allí a preantesis II (602) 7,50±1,50 días, a 
preantesis III (603) 7,39±1,56 y a antesis (607) 5,74±1,32 días. 
A nivel poblacional se encontró que el ciclo fenológico de inflo-
rescencias es anual y la producción junto con la apertura floral 
de las inflorescencias pistiladas fue asincrónica.
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Introduction

According to the current classification of the Elaeis genus, 
it belongs to the Liliopsida class (monocotyledonous) of 
the Arecaceae family (Palmaceae). This family includes 
over 2,500 species distributed throughout all of the tropi-
cal and sub-tropical regions of the world. They also offer 
broad morphological diversity and are confined primarily 
to tropical rainforests in Asia and the Americas. Though the 
genus Elaeis has three species, only two are of agronomic 
and economic importance: Elaeis guineensis, known as the 
african oil palm (Combres et al., 2013; Dransfield et al., 
2005), and Elaeis oleifera, native to tropical America, which 
is the second most important species in this genus and grows 
naturally from northern South America (Brazil, Colombia, 
Ecuador, Venezuela, Guyana, and Suriname) to Central 

America (Costa Rica, Nicaragua, and Honduras) (Rey et 
al., 2003; Rey et al., 2004; Rivera et al., 2013). The species 
Elaeis odora is not cultivated and little is known about it. 

The American palm E. oleifera has single stalks that grow 
1-3 m high and 25-30 cm wide, with erect or semi-erect 
growth habits, covered by strong petiole bases and crowned 
by a rosette of pinnate leaves arranged in a spiral shape; the 
leaflets are regularly distributed along the rachis and in-
serted on a single plane (de Andrade Miranda, 2001; Rocha 
et al., 2006). The flowers, numerous and inconspicuous, are 
grouped in a sword-shaped inflorescence (spadix) and are 
protected by two bracts, generally woody. The flowers have 
three sepals and three petals, are generally single-sex, and 
may be found on the same tree. The fruit is a drupe, with 
a meaty and fibrous pericarp (de Andrade Miranda, 2001).

http://dx.doi.org/10.15446/agron.colomb.v33n1.47199
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Most commercial plantations are planted with African 
genetic stocks (Tenera hybrid); however, some commer-
cial plantations are currently planted with inter-specific 
hybrids (OxG), obtained by crossing a E. oleifera mother 
and E. guineensis father, which apparently offer tolerance 
to the most damaging diseases. However, the hybrids 
obtained to date, in addition to having lower productivity 
than the African palms, have problems related to abnormal 
inflorescences, low pollen viability, and some productivity 
limitations related to the development of bunches (Sánchez, 
2008). 

Oil palm research has focused on materials produced 
through crosses with various parents, as in the case of the 
American palm E. oleifera, whose characteristics offer great 
potential for genetic improvement, especially because it 
can be easily crossed with African palms (Meunier and 
Boutin, 1975; Meunier, 1991). Studies of this species have 
been undertaken not only because of its genetic potential, 
but also because its biology is generally not well-known. 
For this reason, it is necessary to carry out detailed research 
on this species, particularly on the phenology of the plant 
development, in order to be able to predict its behavior in 
different environments. 

The BBCH scale is used to identify the development of 
mono- and dicotyledon plants. Phenological stages are 
used in several scientific disciplines (crop physiology, en-
tomology, etc.) and in the agricultural industry (application 
of agro-chemicals, fertilization, agricultural insurance 
policies, etc.). This scale establishes a coding system that 
divides growth into principal and secondary stages and is 
based on the system of Zadoks et al. (1974) for cereals. The 
BBCH scale offers numeric characteristics for each stage, 
is universal, and can be standardized for other species. 
The scale has 10 principal stages (seed germination, leaf 
development, tillers, stem elongation, development of the 
plant’s harvestable parts, emergence of inflorescence, flow-
ering, fruit development, fruit ripening, seed formation, 
and senescence), of which 8 apply to oil palms according 
to Forero et al. (2012).

This paper establishes, in detail, the stages of female floral 
development and fruit and bunch growth and development 
for the American Oil Palm as the first step to understanding 
how the plant phenology changes. 

Materials and methods

The study area was in the municipality of Paratebueno 
(Cundinamarca, Colombia), at the Cuernavaca Estate of 

the Unipalma Plains Plantation, plot CPT 18, with an 
altitude of 240 m a.s.l.; the E. oleifera (Brazil) palms were 
planted in 1991. Climate conditions in the study area are: 
average temperature of 27°C and average rainfall of 3,800 
mm year-1, in a mono-modal distribution; the rainy season 
occurs from March to November and the dry season occurs 
from December to March, featuring a very marked drop 
in precipitation (Ideam, 2012). Five different codes were 
selected based on the different origins of the parent plants 
(codes 3531, 3530, 3527, 3551, 3557, and 3563) and a sample 
of six palms was taken for each one, for a total of 30 palms.

The duration of the phenological stages of leaf opening and 
development of inflorescence was measured in terms of 
days, as well as the phenological stages of flower develop-
ment, flowering and producing fruit. They were described 
using the BBCH general phenological scale of Bleiholder et 
al. (1991), Hack et al. (1992), and Hess et al. (1997).

Phenological monitoring was performed on a weekly basis 
or as required by the speed of growth of the organs over 
a period of 12 consecutive months (December of 2010 to 
December of 2011) for 30 individuals (palms) randomly se-
lected in the study area. Data were collected for leaf growth, 
flowering and fruit development. The BBC phenological 
scale has been used for the phenological description of 
the oil palm E. guineensis Jacq. (Forero et al., 2012) and 
the inter-specific hybrid OxG (E. oleifera × E. guineensis) 
(Hormaza et al., 2012). For the estimation of leaf growth, 
data were taken for 5 months; the initial lanceolate leaf 
was labeled (H0) and the number of days it took to reach 
the position of leaf 1 was established (leaf with 70% of the 
leaflets open); subsequent leafs were sequentially labeled 
(H2, H3, H4… etc.) 

For the description of the development of the floral struc-
tures (inflorescences), the phenological scale proposed by 
Hormaza and Romero (2012) was used, making appropriate 
adjustments to the morphological differences of the species 
E. oleifera. Additionally, morphological recognition was 
carried out for the floral structures. For each sample unit 
(palm), three consecutive inflorescences were studied, be-
ginning with stage 501 (undifferentiated, 10% growth) and 
starting on December 2, 2010. Observations of the flower-
ing stage were taken on a weekly basis and occasionally 
more frequently, depending on the rate of changes in the 
floral structures. A group of 50 inflorescences was selected. 
Once these inflorescences entered the anthesis stage, the 
prophyll and peduncle bract were removed to expose the 
flowers and assisted pollination was performed. The pollen 
applications were repeated due to the asynchrony in the 
opening of the stigmata. 
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Results and discussion

Description of the BBCH scale for E. oleifera
The description of the reproductive phenology of E. oleifera 
showed four principal stages (emergence of inflorescence, 
flowering, fruit growth and development and fruit ripe-
ning) according to the BBCH scale (Tab. 1).

TABLE 1. Description of the reproductive phenological stages of E. oleifera.

Decimal 
code Phenological stage

Principal growth stage 5: emergence of female-male inflorescence

500 Floral structure attached to the petiole base
501 Emergence of 10% of the floral structure
502 Emergence of 20% of the floral structure
505 Emergence of 50% of the floral structure and tearing of the prophyll
509 Emergence of 90% of the floral structure

Principal growth stage 6: female-male flowering
Female flowering

601 Female pre-anthesis 1; the rachillae are tight toward the center

603
Female pre-anthesis 2; flower buds begin to swell and can be seen 
in the axil of each flower bract

605
Female pre-anthesis 3; greater separation of the rachillae and elon-
gation of the inflorescence axis, causing a tear in the peduncle bract

607 Female anthesis; opening of the stigma lobes 
609 End of flowering; wilting of the stigmata

Male flowering

601 Pre-anthesis I
603 Pre-anthesis II
605 Pre-anthesis III
607 Anthesis
609 End of flowering

Principal growth stage 7: fruit development

700 Fertilized female flower; enlargement of ovary
701 10% of final fruit size
703 30% of final fruit size
705 50% of final fruit size
709 90% of growth. Fruit reaches normal size for species

Principal growth stage 8: fruit ripening

800 Beginning of change to the characteristic ripe color
803 There is a range of green, yellow and orange colors
805 Endocarp is fully developed
807 Fruit ripens
809 Over-ripening of the fruit

Principal growth stage 5: emergence of inflorescence 
A characteristic of the American oil palm is that it conti-
nuously produces inflorescence cycles. Throughout the year 
of monitoring, the fruits developed at a different rate and 
at different proportions. This was a long and continuous 
reproductive pattern that also occurs in other palm species 
(Barfod et al., 2011). Inflorescence is attached between the 
petiole base and the stem (stage 500); two fibrous bracts 
protect the floral structure: the prophyll and the peduncle 
bract, which are joined in a thick and lignified consistency. 

Later, the protective bracts that protect the floral structure 
begin to lose their lignified consistency, and the base of 
the structure begins to thicken (stage 501). At stage 503, 
the inflorescence is at nearly 30% of its growth. The floral 
structure thickens and is also visible in the leaf axil (Fig. 1). 

Stage 501 Stage 503

FIGURE 1. Growth and emergence of the inflorescence in the leaf axil 
stage. Photos: L. Chan and L. Moreno (2011).

The base and middle sections of the floral structure con-
tinue to thicken; the floral structure protrudes along the 
leaf axil in the opposite direction of the phyllotaxis position 
of the palm; the floral structure begins to separate from the 
leaf petiole. The prophyll begins to shred and acquires a 
fibrous consistency, and both the prophyll and the peduncle 
bract continue to cover the floral structure, which reaches 
50% of its total size (stage 505). Each leaf has a potential 
inflorescence, which implies that, until the leaf completes 
its growth, the rapid growth phase of inflorescence may 
not be started, which is the stage when the axil becomes 
visible in the leaf. 

When the floral structure has reached close to 90% of its 
final size, two protection bracts are clearly differentiated, 
which provide adequate conditions for the development 
of the flower buds; the first bract or prophyll tears and ap-
pears shredded; the end section of the second bract, called 
the peduncle bract, is visible; it is smooth and has no clefts 

Stage 505 Stage 509
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on the surface, which implies that, at this time, the sex of 
the structure is not yet visible although it has already been 
differentiated (stage 509).

Principal growth stage 6: flowering
Once growth of the inflorescence axis is finished, the flower 
buds begin to grow, starting with tearing of the bracts that 
cover the inflorescence axis; between 10 and 30% of the 
peduncular bract is torn and the rachillae are visible. The 
sex of the inflorescence can now be observed, male and/or 
female, the prophyll continues to cover the floral structure, 
the rachillae are not visibly separated from one another, 
and the flower buds are not yet clearly visible (stage 601). 

At stage 602, the peduncle bract opens further and the 
tear appears between 30 and 60%; the prophyll continues 
to cover the inflorescence. Inside, the separation between 
the rachillae and the floral bract is visible, as are the flower 
buds in the axil of the floral bract (Fig. 2). Afterwards, the 
structure of the peduncle bract becomes fibrous and very 
strong and continues to cover the inflorescence; cracks ap-
pear on the bract, but the rachillae are not visible because 
the peduncle bract is very thick. The flower buds are ob-
served to protrude and leave the brown tepals uncovered. 
The floral bract breaks due to the growth of the flower bud. 
The rachillae are very far apart (stage 603).

At stage 607, the prophyll practically disappears and the 
peduncle bract is broken but remains firmly attached to the 
inflorescence, fully covering it. The bract must be manu-
ally removed in order to clearly observe the opening of the 
flower bud, exposing the stigma lobes, which are coated 
with a mucillagenous substance that facilitates adhesion to 
pollen (Fig. 2). The flower buds open into an acropetal and, 
in some cases, in an asynchronous manner, which causes 
lack of uniformity in the opening of the flower buds. After 
pollination, the flower secretes a reddish brown substance, 
possibly indicating the loss of receptivity in the stigma. This 
receptivity loss is due to the degradation of the pectineal 
layers of the cells in the stigma groove and the formation 
of compounds that prevent pollen germination (Hormaza 
and Romero, 2012). After this, the flower takes on a black 
color, giving way to senescence (stage 609). 

Principal growth stage 7: growth and development 
of oil palm bunches and fruits in E. oleifera
During the growth and development of the bunches and 
fruits of the American oil palm, five significant pheno-
logical stages were defined with morphological changes 
between the different phenological stages, which occurred 
in a continuous and gradual manner. Stage 700 begins 

Stage 601

Stage 603

Stage 607

Stage 609

FIGURE 2. Flowering principal stage: inner and outer appearance of the 
inflorescences. Photos: L. Chan and L. Moreno (2011).
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between 0 and 2 weeks after pollination. During this sta-
ge, the stigmata begin to wilt, taking on a brown to dark 
brown color and the petals and sepals protect the ovary. 
This is the early fruit development phase, phase I of rapid 
fruit growth (Fig. 3).

Between 2 and 4 weeks after pollination, the fruits have 
reached close to 10% of their final size and are still protected 
by the sepals and petals; they are a shiny olive green color 
in the apical and central sections and a parchment color 
at the base (stage 701). The fruits continue to grow and, 
between approximately weeks 4 and 8, they reach 30% of 
their final size (stage 703). Between 9 and 15 weeks after 
anthesis, the fruits grow to 50% of their size (stage 705). 
Between 16 and 18 weeks after anthesis, the fruits reach 
the end of growth phase I and are 90% of their final size. 
The epidermis color changes slightly, losing the olive green 
shade and turning yellow (stage 709).

Principal growth stage 8: fruit ripening
Once the fruits have reached their maximum size, the 
ripening process begins, defined as the physiological, 
biochemical, anatomic and, in some cases, morphological 

transformations that lead to the ripe stage, when the fruit 
is harvested or falls from the tree and decomposes (Gil-Al-
bert, 1995). At stage 800, the fruits are at the end of growth 
phase II and at the beginning of ripening (approximately 
18 WFP), when the color of the fruit epidermis begins to 
change to the typical ripe color, from olive green to lemon 
yellow (Fig. 4). Afterwards, a greater range of colors is seen 
with various shades of green, yellow and pale orange on 
the fruit epicarp (stage 803). 

At stage 805, the entire bunch is pale orange and the en-
dosperm is completely developed; at stage 807, the fruits 
are very close to falling off or there are between 1 and 10 
fruits per bunch already detached. The fruits have grown 
to their maximum size in weight, thickness and length; the 
epidermal color is bright orange and the surface of the fruit 
is smooth and shiny. Afterwards, the over-ripening stage 
begins, when cracks are displayed in the apical section of 
the fruits, abscission from the rachis begins, and, conse-
quently, all of the fruits begin to fall off from the bunch; 
saprophyte fungi begin to grow on the fruits, giving them 
a dark gray color (stage 809).

FIGURE 3. Fruit and fruit bunch development and growth stage. Photos: L. Moreno (2011).

FIGURE 4. Fruit and fruit bunch ripening stage. Photos: L. Moreno (2011).

 Stage 700 Stage 701 Stage 703 Stage 705 Stage 709

 Stage 800 Stage 803 Stage 805 Stage 807 Stage 809
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Duration of the phenological stages in days

Duration of leaf opening

The average number of days in which the growth of new 
leaves was observed was 20.1±2.8 for E. oleifera (Tab. 2) 
and the average rate of new leaf shoots was 1.4 leaves/
month. In contrast, for E. guineensis and the inter-specific 
hybrid, the duration of stage 159 was 12.4-14.3 and 14.4 d, 
respectively, with approximately 2.0-2.5 new leaf shoots 
emerging per month.

Duration of inflorescence stages

Inflorescence involves a series of changes during develop-
ment. Table 3 shows the duration in days of the phenologi-
cal stages of emergence and flowering for oil palm. It was 

TABLE 2. Number of days±SD for leaf emergence in different accessions of palms in Colombia.

Stage BBCH*
E. oleifera E. guineensis1 E. oleifera × E. guineensis2

Code studied Time in days Cultivar
Time in days

Time in days
North Zone Central Zone

Leaf 70% 
open

159

3527 1 19.5±2.2
Golden Hope 13.4 14.1

14.4±0.3

3530 2 20.0±2.2
3557 3 19.7±2.2 Guthrie  13.9 14.7
3551 4 19.7±1.7

United Plantations 14.3 13.6
3563 5 20.5±2.6
3531 6 20.9±1.9 Dami 13.4 12.4

* BBCH, Biologische Bundesantalt, Bundessortenamt und Chemische Industrie.
1 Forero et al. (2012).
2 Hormaza et al. (2012).

TABLE 3. Number of days±SD between the changes in inflorescence and the phenological changes in different palm accessions of in Colombia.

Stage BBCH code
E. oleifera E. guineensis1 E. oleifera × E. guineensis2

Time in days Cultivar
Time in days

Time in days
North Zone Central Zone

Leaf 1 to emergence 
of 10% of the floral 
structure

501

Golden Hope 250.3±2.2 233.8±3.2

229.7±1.0
Guthrie 242.6±2.2 227.6±2.3

United Plantations 241.3±2.4 218.3±2.2
Dami 238.8±2.1 244.0±3.0

Pre-anthesis I 601 145.09±19.61

Golden Hope 30.2±1.3 29.1±1.4

97.7±1.0
Guthrie 27.8±1.3 31.2±1.3

United Plantations 22.3±1.0 32.1±1.5
Dami 28.8±1.3 31.8±1.6

Pre-anthesis II 602 7.50±1.52

Golden Hope 7.6±0.1 7.8±0.3

4.5±0.3
Guthrie 7.6±0.1 8.1±0.3

United Plantations 7.1±0.1 7.6±0.3
Dami 7.2±0.1 8.4±0.3

Pre-anthesis III 603 7.39±1.56

Golden Hope 7.8±0.2 7.4±0.2

3.3±0.1
Guthrie 8.0±0.2 7.6±0.2

United Plantations 7.4±0.2 7.1±0.2
Dami 7.1±0.2 6.6±0.1

Anthesis 607 5.74±1.32

Golden Hope 5.1±0.2 7.9±0.2

2.3±0.1
Guthrie 5.1±0.1 8.0±0.3

United Plantations 4.9±0.1 7.3±0.2
Dami 4.9±0.1 7.1±0.2

BBCH, Biologische Bundesantalt, Bundessortenamt und Chemische Industrie.
1 Forero et al. (2012).
2  Hormaza et al. (2012).

observed that, in E. oleifera, it takes 166 d from when the 
undifferentiated structure is visible to the start of anthesis, 
where the period of rapid growth of inflorescence lasts 145 
d and flowering lasts 21 d. According to studies by Forero 
et al. (2012), the hybrid has intermediate characteristics at 
stage 601 of inflorescence development, as compared to 
their parents, though there are similarities at stages 602 
and 603 between E. oleifera and E. guineensis.

Conclusions

The BBCH scale provides a detailed description of the 
growth and development events of the various oil palm 
organs; this scale can be used to facilitate understanding 
of the various developmental stages and, thereby, widely 
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disseminate the findings. The phenological analysis of the 
reproductive stages of the American oil palm and their 
coding using the BBCH phenological scale make it possible 
to standardize the language of the different disciplines 
involved in growing oil palm. 

The rate of leaf emission for the E. oleifera oil palm is 1.43 
leaves per month and a new leaf emerges approximately 
every 20.1 d, which implies that 18 leaves are produced 
per year.

The period from when the undifferentiated structure is 
visible (stage 501) to the start of anthesis lasts 166 d, where 
the inflorescence rapid growth period lasts 145 d and 
flowering lasts 21 d.
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