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ABSTRACT

A field trial was carried out in “La Laguna”, a region
in northern Mexico during the summer of 2003. The
objective of this work was to determine the temporal
and spatial honeybee (Apis mellifera L.) distribution
in a commercial cantaloupe (Cucumis melo L.)
field with different colony densities. Starting in the
second week after the onset of blooming, honeybee
colony densities were increased by adding from one
to five colonies per hectare one day before every
observation day. Honeybee colonies were uniformly
distributed adjacents to a cantaloupe field. In five
randomly selected rows, transects 10 m long were
marked at 25, 50, 75 and 100 m from the center of
the apiary. Foraging bees were counted every 30
min from 7:30 to 19:30 h. Significant differences
(p<0.001) in the number of pollinating honeybees
were found among the evaluated distances, with
the highest density at 50 m from the apiary (7.2a),
intermediate number at 25 (6.6ab) and 75 m (6.7ab),
and the lowest at 100 m (5.3c). The number of
foraging honeybees varied temporally (p<0.0001),
observing the highest density from 10:00 to 15:00
hr, with a peak at 11:00 hr. The number of colonies
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per hectare influenced honeybee density (p<0.0001).
The maximum bee number per transect (6.08a)
was observed with three colonies per hectare;
therefore, this number of bee colonies is considered
as the optimum number for cantaloupe pollination.

Key words: Cucumis melo L., colony density,
honeybee behavior, pollination

RESUMEN

Las abejas meliferas (Apis mellifera L.), ademas de
ser importantes productoras de miel, contribuyen a
la polinizacién de diversos cultivos, entre ellos el
melén (Cucumis melo L.). Se realiz6 un experimento
de campo en la region Lagunera, situada en el norte
de México, durante el verano de 2003. El objetivo
de esta investigacion fue determinar la distribucion
temporal y espacial de las abejas meliferas en un
cultivo comercial de melén con diferente densidad
de colmenas. En la segunda semana del inicio de la
floracion, se increment6 la densidad de colmenas
de una hasta cinco colmenas por hectarea un dia
antes de cada dia de observacion. Las colonias de
abejas se distribuyeron uniformemente adyacentes
al cultivo de melon. Dentro del campo de meldn se
marcaron transectos de 10 m de longitud en cinco
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surcos elegidos al azar a las distancias del centro
del apiario de 25, 50, 75 y 100 metros. Las abejas
pecoreadoras se contaron cada 30 min de las 7:30 a
las 19:30 h. Se encontraron diferencias significativas
(p<0.001) en el nimero de abejas entre las distancias
evaluadas; el mayor numero se observo a los 50 m
(7.2a), un numero intermedio a los 25 (6.6ab) y 75 m
(6.7ab); y el més bajo a los 100 m (5.3c). EI numero
de abejas pecoreadoras vari6 en el tiempo (p<0.0001),
observandose el mayor nimero de las 10:00 a las
15:00 h y un méximo a las 11:00 h. ElI namero de
colmenas influyo en la densidad observada de abejas
(p<0.0001) de tal manera que el maximo numero
de abejas por transecto (6.08a) se observo con tres
colmenas por hectarea; por lo tanto, este nimero de
colmenas pudiera ser considerado como el 6ptimo
para polinizar el cultivo de melon.

Palabras clave: Cucumis melo L., comportamiento de
abejas meliferas, densidad de colmenas, polinizacion.

INTRODUCTION

Flowering plants that require insect pollination
typically show increased seed set with increased
visitation by honeybees (Gingras et al., 1999).
Insect pollinators also increase yields at different
percentages depending upon plant species (Heather
et al., 2004). Cross pollination by bees causes a
significant increase in fruit set not only of the self-
sterile but also the self-fertile species (Klein et al.,
2003). Poor fruit quality is usually attributed to
pollination problems, such as low bee numbers and/
or ineffective pollinators within the agro-ecosystem
(Sheffield et al., 2005). It has been determined that
foraging pollinators choose flowers according to
reward and energy waste (Rush et al., 1995; Russell
et al., 1998); recently, it has been suggested that
attractiveness is related to flower symmetry (Waser
et al., 1996; Endress, 2001), floral scents, nectar
production and color (Briscoe and Chittka, 2001;
Varassini et al., 2001).

Cantaloupe (Cucumis melo L.) pollen can only be
transferred by insects since it is sticky, therefore it is
not suitable for wind pollination. The effective period
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in which this pollen can be deposited on the stigma
is just for few hours in the morning, but if the air
temperature gets high, then the effective period may
only be of few minutes (McGregor, 1976); therefore,
extensive cantaloupe plantings requires honey bee
pollination. Since wild pollinators are often too
scarce, providing honeybees is a requirement for
cantaloupe production. This pollinator scarcity has
often been caused by agrichemicals and other modern
farming methods (Kearns and Inouye, 1997; Kearns
et al., 1998). These methods have even damaged
commercial honey bee colonies (DeLaplane and
Mayer, 1996). There is further interest in whether the
presence of honeybees in production fields relies upon
a density-dependent relationship. Though much is
known about honeybee pollination, how foragers are
distributed spatially, and to some extent temporally,
in cantaloupe fields is poorly understood. This is
particularly true when colony density is varied.

The objective of this work was to determine
the temporal and spatial honeybee distribution
in cantaloupe fields with different bee colony
densities.

MATERIAL AND METHODS

This research was carried out during June 2003 in
a commercial five-hectare cantaloupe crop sown
with the hybrid “Cruiser”, which was located near
the INIFAP-Campo Experimental La Laguna,
Matamoros, Coahuila -103° 14 west longitude,
and 25° 31’ north latitude- within the Comarca
Lagunera region, in Northern Mexico. This region
has a 235 mm mean annual rainfall, an altitude of
1139 m above sea level and 18.6 °C annual mean
temperature (Schmidt, 1989). The cantaloupe field
was furrow-irrigated and 25 bee colonies (Jumbo
size) were used. The colonies were stocked with
Italian honeybees (Apis mellifera ligustica L.), each
with a new commercial queen bee, and equalized to
ca 24 000 workers. In five randomly-selected rows
of 105 m in length, 10 m transects were marked
at 25, 50, 75 and 100 m from the apiary and five
replications were used for each distance. During
the second week from the onset of blooming, when
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is considered optimum for pollination (Eischen et
al., 1994), colony density was increased by adding
from one to five colonies per hectare, one day before
every observation, and five replications were used for
each density. Colonies were uniformly distributed
adjacent to the field. In the observation day, one
day per colony density, the foraging honeybees were
counted in the transects simultaneously every 30
min from 7:30 h until 19:30 h. Analysis of variance
following a complete randomized block design
and mean separation, using the Least Significance
Difference test (LSD), were conducted to evaluate
differences in honeybee numbers among distances,
times and colony numbers. Quadratic regression
analysis were used to describe the relationships
between honeybee numbers (dependent variable)
and colony distance, times and colony numbers
(independent variables) (Steel and Torrie, 1960).

RESULTS AND DISCUSSION
Significant (p<0.001; LSD= 0.31 bees) higher number
of honeybee foragers (x= 6.4 bees) were found at a

distance of 50 m from the colony compared with the
number at a distance of 100 m (x= 4.4 bees) (Figure 1).
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Figure 1. Mean number of honeybees at different
bee colony distances in a cantaloupe
field.

Forager numbers in other distances were at
intermediate densities. The high determination
coefficient (R?= 0.99) of the quadratic curve,
indicates that there is a strong relationship between
the number of honeybees per transect and bee
colony distance. The temporal pattern showed
that the total number of honeybees present in the
cantaloupe field varied with the hour during the
day, reaching the highest density from 10:00 to
15:00 h and observing a peak at 11:00 (Figure 2 ).
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Figure 2. Mean number of bees during the day in a
cantaloupe field.

Statistical differences were observed among the
different times of counting during the day with the
smaller number of foraging honeybees observed
early in the morning and late afternoon (p<0.0001;
LSD= 0.55 bees). The foraging activities in the
cantaloupe field ceased at sunset. The quadratic
regression model explained 89% (R?* = 0.9) of the
observed variation of honeybee density as a function
of the hour of the day (Figure 2).

Despite the fact that maximum honeybee density
was maintained in the cantaloupe field with three
and four colonies per hectare, wild honeybees
and wasps and other pollinating insects were also
observed.
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Bee-colony density influenced significantly honeybee
numbers (p<0.0001; LSD= 0.34 bees). The highest
number of foragers was observed with three (x=6.08
honeybees) and four (x= 5.91 honeybees) colonies
per hectare. However, increasing the rate to five bee
colonies per hectare showed a significantly declining
in honeybee number (x= 5.28 bees) (Figure 3). The
quadratic regression model explained 54% (R*=
0.54) of the observed variation of honeybee density
as related to colony density, which indicates a low
predicting capacity of the quadratic equation obtained.
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Figure 3. Mean number of pollinator honeybees
in the cantaloupe crop with increasing
number of bee colonies per hectare.

Results of this study were expected since honeybees
can flight considerable distance to collect nectar or
pollen (Amdam et al., 2004), but once a honeybee
gets there it will tend to maintain its foraging
activity confined in a small area, particularly when
the selected plant species is a good food source
(DeLaplane and Mayer, 2004). Using pollination
experiments along replicated distance gradients
in a coffee crop, authors found that forest-based
pollinators increased the yields by 20% within one
kilometer of forest (Ricketts et al., 2004). Honeybee
exhibits easily manipulated feeding behavior coupled
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with extremely high mnemotecnic fidelity (Meller
and Davis, 1996), this can explain their foraging
activities in the vicinity of the apiary at the evaluated
distances.

Foraging honeybee activity usually peaks by mid
morning in temperate climate (McGregor, 1976) and
these insects are active during the daylight (Tian et
al., 2004) as was observed in this work.

A small number of bees with the highest bee-hive
number was observed in this study; this suggests an
altered bee performance when the pollinating bees
must substitute the target crop by an alternative food
source. The effects of bee-hive rate observed in this
study were similar to those found in the rabbiteye
blueberry (Vaccinium ashei J.M. Reade), such that
its rate of legitimate flower visits when pollinated by
honeybee and increased bee-hive rate produced an
evasive behavior and reduced the honeybee pollen
load average and fruit size (Dedej and DelLaplane,
2003).

Different authors reported different bee-colony
number for pollinating cantaloupe from one (OSU,
1999) to six (Atkins et al., 1997) colonies per hectare.
The lower recommended bee-hive number found in
the literature varied from one (OSU, 1999) to two
(USDA, 1986; Hodges and Baxendale, 1995; OSU,
1999), while the higher number was six colonies per
ha (Crane and Walker, 1984; Eischen and Underwood,
1991; Atkins et al., 1997) and the mean number of
bee colonies per hectare from the cited references
was 3.7. Results of this work are similar to the bee-
hive number obtained in different trials in cantaloupe
pollination with three (Eischen and Underwood,
1991) and four colonies per hectare (McGregor,
1976; USDA, 1986; Atkins et al., 1997).

Insects pollinators such as honeybees are attracted
to flowers by their visual display and their scent.
Although most flowers reinforce visits by providing
rewards such as pollen and/or nectar (Galizia et
al., 2005), the general manageability of honeybees
and their demonstrated variety-specific efficacy
as pollinators suggests a renewed attention to the
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plant side of the pollination management syndrome
(Dedej and DeLaplane, 2003). This includes crops
like cantaloupe in arid conditions. In this study
the relative importance of the contribution of wild
pollinators was not evaluated, but this and related
aspects might be considered in future pollination
works.

CONCLUSIONS

There were significant differences in the number of
honeybee pollinators foraging among the distances,
times across the day and colony number tested. The
highest honeybee density was observed at 50 m
from the apiary. The foraging honeybees present in
the cantaloupe field throughout the day reached the
highest numbers from 10:00 to 15:00 h and lowered
their activity at sunset. The maximum number of bees
per transect was observed with three colonies per
hectare, thus suggesting this number as an optimum
for cantaloupe pollination in the environmental
conditions prevalent in La Laguna region of northern
Mexico.
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