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ABSTRACT

The leaves of the wine palm (Attalea butyracea) are collected and harvested along the
Magdalena River Valley in Colombia. Young leaves are used as a ceremonial symbol on
Palm Sunday, and expanded leaves are used for thatching and for making handicrafts.
In order to document leaf production and to evaluate the effect of leaf extraction on
growth and development, we marked 80 individuals under extractive conditions and
40 individuals under non-extractive conditions and we followed leaf production during
seven months. We also studied inflorescence production for one year to evaluate the
potential of 4. butyracea as a source of sap for sugar manufacture. Leaf production
in juveniles and sub-adults was correlated to the number of expanded leaves. Leaf
production in adults was correlated with the number of expanded leaves and with
stem size. Palms flower throughout the year, and several inflorescences develop
simultaneously. The flowering peak occurs during the drier season. Inflorescence
production was correlated to the stem height and to the number of expanded leaves,
and it is probably affected by leaf harvest. We recommend leaf extraction only from
individuals with stem over 3 m and with more than 25 expanded leaves. Inflorescence
production of A. butyracea gives the palm a potential for sap extraction.

Key words. Palm leaves, sustainable management, leaf harvest, Attalea butyracea,
wine palm.

RESUMEN

En el valle seco del rio Magdalena en Colombia se cosechan las hojas de la palma
de vino (Attalea butyracea) para la comercializacion. Los cogollos son usados como
Ramo Bendito durante la Semana Santa, y las hojas expandidas para la construccion
de techos y de articulos artesanales. Con el fin de documentar la produccion de hojas
y evaluar el efecto de su extraccion sobre el crecimiento y el desarrollo, marcamos y
monitoreamos durante siete meses 80 individuos en un area de reserva no cosechada y
40 individuos en un potrero donde se realiza cosecha. Adicionalmente, estudiamos la
produccion y el desarrollo de inflorescencias durante un afio, para evaluar el potencial
de A. butyracea para la produccion de savia como fuente de azucar a partir de las
inflorescencias. La produccion de hojas en individuos juveniles y subadultos estuvo
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correlacionada con el nimero de hojas expandidas, y en adultos estuvo correlacionada
con el numero de hojas expandidas y con la altura del tallo. Las palmas florecen a lo
largo del afio y producen varias inflorescencias simultaneamente. La produccion de
inflorescencias estuvo correlacionada con la altura y el nimero de hojas expandidas,
y probablemente es afectada por la cosecha de hojas. Recomendamos cosechar
unicamente las hojas de las palmas que tengan tallo mayor a 3 m y mas de 25 hojas
expandidas. La produccion de inflorescencias sugiere que A. butyracea tiene potencial
para la extraccion de savia a través de las inflorescencias.

Palabras clave. Hojas de palma, manejo sostenible, cosecha de hojas, Attalea

butyracea, palma de vino.
INTRODUCTION

The wine palm, Attalea butyracea (Mutis ex
L. f.) Wess. Boer, is abundant and widespread
in Colombia (Galeano & Bernal 2010), where
it is used for a variety of purposes (Bernal et
al. 2010). The leaves are used for thatch in
rural communities and for ceremonial objects
on Palm Sunday; at some localities, they are
also used as raw material for the production
of hats and other handicrafts (Bernal et al.
2010). Some of the uses of this palm are quite
profitable and could help guaranteeing its long
term conservation. Pulgarin & Bernal (2004)
documented the production of wine from sap
tapped from the trunk of A. butyracea. Through
a cavity made at the meristematic area, a mean
of one liter/day of sap is collected from every
palm, for a maximum of 20 days. This use
suggests A. butyracea s potential as a source
of sugar, if the current destructive practice is
replaced by the process of extracting the sap
through the inflorescences as was discuss by
Bernal et al. (2010). Because of its current
and potential uses, A. butyracea might be an
important resource for rural development in
Colombia; however, knowledge on its biology
is still limited.

In order to obtain biological information
required to establish management plans
for A. butyracea, we studied vegetative
and reproductive phenology in two sub-
populations of this species in the dry
Magdalena River Valley, where it is still an
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important component of the ecosystems.
An understanding of leaf production rate is
necessary to determine which individuals are
more suitable for leaf harvest with low impact.
Information on inflorescence production rate,
on the other hand, is important to estimate the
potential of this palm as a sugar source.

MATERIALS AND METHODS
Attalea butyracea

This palm is known as palma de vino (wine
palm), palma real or palma de cuesco.
It is widespread in Colombia, along the
Cauca and Magdalena river valleys, the
Caribbean lowlands, the Eastern Plains
and the Amazon region (Galeano & Bernal
2010). Its global distribution ranges from
Mexico throughout Central America and
into Colombia, Venezuela, Peru, Brazil,
and Bolivia. Attalea butyracea is a solitary
palm, with a stem 3-20 m tall and 25-80
cm diameter. The crown has 1546 pinnate
leaves, the petiole is short or absent and has
numerous leaflets that are usually regularly
arranged and spreading in the same plane.
Inflorescences are borne among the leaves,
and 2-5 are produced simultaneously with
male and female flowers on the same plant,
although inflorescences are predominantly
unisexual; the peduncle is straight or curved
1-1.4 m long, surrounded by a woody,
grooved bract 2-2.4 m long; the rachis is
up to 1 m long, with 170-300 flowering



branches 30-53 cm long; the male flowers
have linear petals and six stamens. Fruits are
oblong-ovoid or ellipsoid-oblong, 4.5-8.5 cm
long and 3.0—4.5 cm diameter, yellow, with a
woody endocarp and 1-3 seeds (Henderson et
al. 1995, Galeano & Bernal 2010).

Study area

The study was carried out at Municipio de
Nilo, Department of Cundinamarca (4°18’
N, 74°36’W) in Colombia, in a landscape
of low hills with a mean altitude of 450 m
and inclinations ranging from 12 to 30%.
Rainfall occurs in a bimodal regime, with an
annual mean of 585 mm, peaking in March
and September, and dry periods from June
to August. The mean annual temperature is
27°C, and the mean annual relative humidity
is 70%, with an increase in April, May and
June. Mean annual solar radiation is about
2086 sunlight hours/year, which represents an
average of six sunshine hours per day.

Despite continuous deforestation, the study
area has an important population of wine
palm. The local inhabitants harvest the leaves
for thatching and they sell the young leaves
for use on Palm Sunday. The use of young
leaves for handicrafts, such as hats and fans,
takes place only during local celebrations.
According to the inhabitants, leaves from A.
butyracea have been harvested for several
decades in this area without a major effect on
the population’s persistence.

We selected two sample sites under different
extractive conditions: harvest and non-havest
of leaves in order to compare individual
growth under both conditions. The first site
is located in the Sumapaz River basin at 710
m elevation and it is locally known as finca
Caimo-Volcanes (4°19°N, 74°37W). This
area supports a secondary forest of 46 ha that
has been protected from natural resources
exploitation since 2005, and its structure is
in recovery, as indicated by the presence of

Olivares & Galeano

a dense vegetation of herbs and shrubs. 4.
butyracea dominates the site, forminga 15 m
height canopy with a density of 70 adults/ ha,
with abundant seedlings and juveniles.

The second sample site is a privately owned
pasture, located also in the Sumapaz River at
4.7 km from the first site and 400 m elevation
(4° 20 °N, 74°34° W). This area is used for
cattle raising, and although palms were once
abundant, they are now scattered under full
sunshine with a density of 18 adults/ha. Once a
year, palms from this pasture are harvested for
Palm’s Sunday. For this purpose young leaves
from palms in all size classes are harvested,
from each palm 1-2 young leaves are cut 25
cm above the bud. Once a year, only leaves
from adult palms are harvested for thatching;
for this use, all expanded leaves (15-46 leaves)
are cut from each harvested palm, leaving only
the young unexpanded leaves. The number of
palms harvested for young leaves depends on
the demand; in this pasture all palms present
are harvested for that use. On the other hand,
the number of palms harvested for thatching
varies according to roof size and it ranges
from 40-60 palms/roof.

Leaf production

In order to measure leaf production, we defined
four size classes: seedlings (individuals with
undivided leaves); juveniles (individuals
without stem and up to 8 pinnate leaves);
subadults (individuals with stem covered by
old leaves from ground level to the crown
and without evidence of reproduction); adults
(individuals with several leaves, visible
stem and evidence of reproduction). In the
forest we marked 80 individuals in all size
classes, 20 individuals per size class, whereas
in the pasture we marked 20 subadults
and 20 adults. We marked the youngest
leaf of each individual and followed leaf
production monthly from mid-March until
mid-October 2009 (except for the size class
“seedlings”, which was followed only for
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five months, since a fire caused significant
damage), registering the number of new
leaves appearing during each time interval;
additionally, we measured height, diameter at
breast height and counted number of expanded
leaves for each individual.

Inflorescence production

Flowering and fruiting were followed in 23
individuals in the forest and 31 individuals
in the pasture. From March 2009 until
February 2010, every month we recorded
for each individual the number of buds
and inflorescences in each of the following
phases: anthesis, unripe and ripe fruits. Palms
usually have more than one inflorescence
simultaneously, at different phases. For that
reason, in the analysis we referred to the
number of reproductive structures, which
corresponds to the total number of buds,
inflorescences and infructescences present in
each sample during each time interval. Since
the complete cycle from buds to ripe fruits can
take more than one year, we could not — in the
time available — follow the whole process in
our samples; hence, we calculated the range
and the average time of each phase (bud,
anthesis, unripe and ripe fruits) and then we
extrapolated these to obtain an average time
for the whole process.

Data Analysis

In order to describe the general characteristics
of each size class, we calculated the average
stem height and diameter (in adults), the
number of non-expanded leaves and the
number of expanded leaves, and we tested for
differences between samples. We determined
leaf production rate/individual/month during
seven months. Studies have shown that leaf
production in palms changes according to the
life stage (seedlings, juveniles subadults and
adults), but for each of them leaf production
is constant throughout the year (Pifiero et
al. 1984; Lugo & Rivera 1987). Thus, we
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extrapolated the seven months rate to an
annual production value. We compared
annual leaf production for both sites and all
size classes by a multiple rank test. We also
determined annual inflorescence production/
individual/month for each site and then we
tested for differences by a Student’s t-test.

To evaluate the relationship between variables,
we carried out a correlation analysis, which
shows which variables have more influence on
leaf production and inflorescence production.
The data analyses were performed using the
software STATGRAPHICS Centurion XV.
Version 15.2.06. (©OStatpoint 1982-2009).

To estimate the palms’age, we used the
relationship between leaf production and the
number of leaf scars, as it has been done in
previous studies with palms (Bernal 1998;
Rodriguez et al. 2005); we calculated the age
of palms at different life stages: seedlings,
juveniles and adults. For germination we used
data obtained by Harms & Dalling (1995);
they established an average time of 10 months.
For seedlings and juveniles we used the
relation between age and the increase in the
number of veins with each new leaf produced;
whereas in adults we used the number of leaf
scars on the stem.

RESULTS

General characteristics and leaf
production

Stems were thicker (t=6.76413, p=5.13692E-
8) and the number of expanded leaves/
individual in adults and subadults (F=36.02;
p<0, 00001) was significantly higher in
palms of the pasture (Figure 1). Although the
differences were not significant, on average
stems were higher and there were more
unexpanded leaves in palms in the pasture
(Table 1). Annual leaf production was constant
throughout the seven months but differed in all
size classes (Figure 2; F=69.67, p<0.00001),



and it was highest in the pasture in adults and
particularly in subdadults, which produced as
many leaves per year as adults in the forest
and significantly more leaves than subadults
in the forest.
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Figure 1. Means and Tukey HSD intervals for
the number of expanded leaves/individual in
adults and subadults of Attalea butyracea at

the Magdalena River valley of Colombia.
PA: Pasture adults; FA: Forest adults; PS: Pasture
subadults; FS: Forest subadults; FJ: Forest juveniles; FSe:
Forest seedlings). All the means are significantly different
(p<0.05), except between PS and FA.

The number of expanded leaves is not related
to stem height, but all the variables are
positively related to annual leaf production in
adults (Table 2). On average, palms less than
3 m high and with less than 25 leaves had the
lowest annual leaf production (< 4 leaves/
year) (Figure 3). In juveniles and subadults,
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annual leaf production was also related to the
number of expanded leaves (r=0, 6301, p<0,
00001, n=60).

PA PS FA FS FJ FSe
Size class

Annual leaf production/individual

Figure 2. Means and Tukey HSD intervals
for annual leaf production in all size classes
of Attalea butyracea at the Magdalena River

valley of Colombia.

PA: Pasture adults; FA: Forest adults; PS: Pasture
subadults; FS: Forest subadults; FJ: Forest juveniles;
FSe: Forest seedlings.

Reproductive phenology

Inflorescence production in the forest was
not significantly different from the pasture.
In the forest, average annual inflorescence
production per individual was 6.4 (range
1.7-12), positively related to the number of
expanded leaves (r=0.7802, p=0.0004) and
weakly related to stem height (r=0.5709,

Table 1. General characteristics and annual leaf production of A. butyracea on both sample
sites (pasture, under extractive conditions and forest, without extraction) in the dry Magdalena

River valley, Colombia.

Pasture with leaf harvest Forest without leaf harvest

Variable Size Class Average Min Max S Average Min Max S
Stem height (m) Adults 2.9 1.6 4.5 0.9 2.3 0.8 4.4 1.0
Stem diameter (cm) Adults 64.2 535 795 65 50.1 362 709 6.7
# Young leaves/individual Seedlings | - e e e 0.6 0.0 1.0 0.5
Juveniles | - eemm eeen e 12 0.8 1.5 0.2
Subadults 3.4 2.0 44 0.7 2.7 1.8 3.6 0.5
Adults 3.7 32 42 0.3 3.4 3.0 42 0.3
# Expanded leaves/individual Seedlings | ----- eem een e 35 2.0 6.0 1.2
Juveniles | - eem eeem e 7.2 5.0 9.0 1.1
Subadults 20.8 9.0 320 62 14.7 10.0 200 33
Adults 30.5 220 46.0 6.2 234 200 280 23
Annual leaf production/individual Seedlings [ - seem e e 0.8 0.0 2.0 0.5
Juveniles | --eem s e e 1.8 0.0 5.1 1.3
Subadults 7.7 4.0 14 2.5 3.7 1.7 5.1 1.4
Adults 8.4 6.0 12 2.1 4.9 3.4 10.3 1.8
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p=0.0209) (Figure 4). In the pasture, average
annual inflorescence production was 7.3
(range 2.0-22) and not correlated to number
of leaves or stem height.
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Figure 3. Relation between the number of
expanded leaves, stem height and annual
leaf production (circle diameter) in adult
individuals of Attalea butyracea at the
Magdalena River valley of Colombia.
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Figure 4. Relation between stem height,
number of expanded leaves and inflorescence
production/individual (diameter of the circles),

in A. butyracea in forest at the Magdalena
River valley of Colombia.
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Table 2. Correlation analysis for annual leaf
production/individual, number of expanded
leaves/individual, stem height and diameter
in adult palms of Attalea butyracea in the dry
Magdalena River valley, Colombia.

# of

Annual

expanded leaf hsetieglllllt
leaves  production
Annual leaf production 0.6097
Stem height 0.2168° 0.3966
Stem diameter 0.5909 0.7027 0.4534

*All correlations are significant except * p<0.01(n=40)

During the sampling period the percentage of
individuals with fruits was 70% in the forest
and 66% in the pasture, but development of
reproductive structures was different at the
two habitats (Figure 5). In both habitats the
flowering peak (A) occurred in December—
January, but there were most ripe fruits in the
forest in the dry season (July—August) and
more ripe fruits in the pasture in the beginning
of the wet season (March—May). In the pasture
the average time between the first evidence
of floral buds (approx. 30 cm long) and fruit
fall was 6.8 months, whereas in the forest this
process took in average 9.0 months.

Growth

Age estimation showed that the seedling stage
lasts 5—13 years, the juvenile stage lasts 15-27
years, which is followed by 14—18 years that it
takes to produce a 5 m tall stem; thus, a palm
with a 5 m tall stem, has an estimated age of
35-59 years (this value includes the 10 months
germination period estimated by Harms and
Dalling (1995).

DISCUSSION
General characteristics

Although stem height and diameter and the
number of young leaves were not significantly
different between palms growing in forest and
in pasture, adult and subadult palms in the
pasture were, on average, higher, probably
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Figure 5. Number of reproductive structures in each phenological stage of Attalea butyracea
in the dry Magdalena River valley, Colombia, on (a) forest and (b) pasture.

A: Inflorescence in anthesis, RF: Ripe fruits.

because leaf production in palms involves
an increase in height (Henderson 2002); thus
we expected palms on the pasture to be taller
because of their higher leaf production. On the
other hand, several studies have shown that
palms, in general, do not have evident increase
in diameter after establishment growth
(Dransfield et al. 2008, Henderson 2002).
Nevertheless, we found a positive correlation
between annual leaf production and stem

height and diameter. Since the pasture is
located at a lower elevation, and palms at this
site have higher availability of sunlight, it is
possible that microclimatic conditions have
an influence on stem size-leaf production
correlation. The influence of microclimatic
conditions on individual growth has been
shown in several studies with different palm
species including 4. butyracea (Rich et al.
1995, Svenning 2001).
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Juveniles and subadults of A. butyracea have
high sunlight requirements; hence, the number
of expanded leaves in these palms depends on
their exposure to sunlight, as found for this
species at Barro Colorado Island (Araus &
Hogan 1994). Taller stems provide access to
better light conditions, which increases leaf
production, as documented for 4. butyracea
(as Scheelea zonensis L.H.Bailey; Hogan
1986) and Astrocaryum mexicanum Liebm.
ex Mart. (Mendoza et al. 1987). This explains
the relation between crown size and stem
height.

Leaf production

Leaf production in seedlings, juveniles and
subadults at each site depended only on the
number of expanded leaves. Variance within
each size class was high, probably due to
the strong influence of light conditions on
individual growth, as has been recorded for
the same species in Panama (Hogan 1986) and
for other species such as Euterpe edulis Mart.
(Carvalho et al. 1999). Leaf production of 4.
butyracea is directly proportional to the stem
height and the number of expanded leaves,
which may be related to light availability (De
Steven et al. 1987); however, as our findings
showed, under favorable light conditions stem
height is not a limiting factor, as subadults in
the pasture reached the same leaf production
as adults in the forest.

Studies on the different palm genera, suggest
that Attalea is one of the palm genera with
the highest leaf production (De Steven et al.
1987, Echeverry 1993, Henderson 2002).
The range of leaf production in our study
(3—12 leaves/year), is comparable to that
found in other large species of Attalea, such
as A. colenda, on the Ecuadorean coast (9.1
leaves/year; Feil 1996), and 4. phalerata, at
the rain forest in Bolivia, (6-8 leaves/year;
Paniagua 1998); and it contrasts to the lower
leaf production in acaulescent species as
A. amygdalina, at a secondary forest in
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Colombia (2 leaves/year; Ruiz-Echeverry
1984).

Reproductive phenology

Several studies in palms have shown
that inflorescence production is directly
proportional to light, water and soil nutrients
availability (Martinez-Ramos et al 1988;
Velarde & Moraes 2008). However, in the
pasture, where light conditions are more
favorable, the production of inflorescences
was not significantly different from that in
the forest, and it was not correlated to other
variables (stem size and number of expanded
leaves). Therefore we suggest that leaf harvest
might decrease reproduction of palms in the
pasture, because in order to compensate the
loss of tissue, plants would allocate a large
part of their resources to produce new leaves,
as has been shown in several studies of other
palm species (Rockwood 1973, Oyama &
Mendoza 1990, Ratsirarson et al.1996).

The wine palm produces flowers and fruits
throughout the year; however, we observed
flowering and fruiting peaks. On both pasture
and forest the flowering peak was evident at
the beginning of the year, during a period
of low precipitation. In the Eastern Plains
of Colombia 4. butyracea also flowers
throughout the year but the peak of flowering
was weak and occurred between August
and October, during the rainy season (Mesa
& Romero 2008); the same pattern was
found in Panama, where flowering of A.
butyracea take place mainly in the latter
part of the rainy season (De Steven et al.
1987). These differences could be explained
by the differences between rainfall patterns
in these regions (bimodal in the Magdalena
Valley and unimodal in the Eastern Plains
as well as in BCI in Panama). On the other
hand, we also found ripe fruits throughout
the year, with weak peaks for each habitat at
different times of the year. In the forest, most
ripe infructescences occurred in August, at



the beginning of the second rainy season,
whereas in the pasture they occurred between
March and April, during the first rainy season.
The reproductive cycle was shorter in the
pasture. Adler and Lambert (2008) concluded
that climatic variability at local scale has
a strong influence on fruiting patterns of
Attalea butyracea; therefore, it is possible
that light and altitude conditions stimulate
the reproductive cycle in the pasture, as it
has been found for Astrocarym mexicanum
(Martinez-Ramos et al.1988).

Effect of harvest

Experiments have shown that defoliation
in palms produces a redistribution of
resources towards new leaf production, which
compromises the growth and development of
other structures, causing an effect on growth
and reproduction, which depends in part, on
the level of harvest. (Mendoza et al. 1987,
Oyama & Mendoza 1990, Chazdon 1991,
O’Brien & Kinnaird 1996, Ratsirarson et
al. 1996, Anten & Ackerly 2001, McKean
2003, Endress et al. 2004). While the results
presented here do not test directly the effect
of leaf harvest on palms morphology, for
which harvesting essays as well as sampling
under similar environmental conditions
are a requisite, our findings indicate that
this activity could influence stem height,
number of leaves and leaf production of
A. butyracea. Sampling under similar
environmental conditions is crucial, because
environmental conditions could be more
important to explain variability in vegetative
characteristics of palms, but also because
favorable conditions of light in the pasture
could reduce the effect of harvest on palm’s
growth and hence, act as a confounding
factor. On the other side, the effect of harvest
on reproduction is probably explained by
unmeasured variables, like the proportion
of male to androgynous inflorescences, the
proportion of inflorescences that developed
into infructescences, fruit size and seed

Olivares & Galeano

production (Rockwood 1973, Oyama &
Mendoza 1990, Kinnaird 1992).

Attalea butyracea has been suggested as a
promising source of oil, sugar, and biofuel
(Bernal et al. 2010). Current sap tapping
threatens palm populations, because it implies
the palm’s death; however, sap tapping
through the inflorescences is well known
for several palm species in Asia (4renga
pinnata, Borassus flabellifer, Caryota urens,
Cocos nucifera, Phoenix sylvestris), and
this sap is used for the production of sugar,
a product commercialized in local and
international markets (Dransfield 1976, De
Zoysa 1992, Everett 1995). Therefore, the
evaluation of alternative methods of sap
tapping for A. butyracea is prioritary. If sap
extraction through the inflorescences was
achieved for this species, then the presence
of inflorescences throughout the year would
be a good starting point.

Regarding current management of A.
butyracea in Colombia, which is focused
mainly on leaf harvest, we do not recommend
harvesting young palms, because their leaf
production is low, and therefore harvest
can cause a negative effect on growth and
future reproduction. Based on our findings,
we recommend harvesting adults with stem
height over 3 m and more than 25 expanded
leaves, which have the highest leaf production
rate (5—12 leaves/year); this would decrease
the effect of harvest.

Additionally, we recommend the introduction
of A. butyracea in agrosilvopastoral systems,
as a sustainable way of management. Planted
at low density (at least 18 adults/ha, as it
is in the sampled pasture), where sunlight
conditions are favorable for pastures and
other fodders, leaf harvest and inflorescences
tapping could be possible with a low effect
on the survival and reproduction. It is also
important to protect natural forests, where
individuals in all size classes develop and to
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guarantee the constant production of fruits,
which are vital for the persistence of entire
ecosystems, because palms fruits and seeds
are fundamental gears for several soil-plant-
animal interactions.
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