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ABSTRACT: Although canola, (Brassica napus L.), is considered a self-pollinating crop, researchers have
indicated that crop productivity increases as a result of honey bee Apis mellifera L. pollination. Given this
crop’s growing importance in Rio Grande do Sul State, Brazil, this work evaluated the increase in pod and seed
productivity with respect to interactions with anthophilous insects and manual pollination tests. The visiting
frequency of A. mellifera was correlated with the crop’s blooming progression, and productivity comparisons
were made between plants visited by insects, manually pollinated plants (geitonogamy and xenogamy) and
plants without pollination induction. Pod set and seed production per plant were determined for each treatment.
Among the 8,624 recorded flower-visiting insects, Hymenoptera representatives were the most prevalent
(92.3%), among which 99.8% were A. mellifera. The correlation between these bees and blooming progression
was positive (r = 0.87; p = 0.002). Pollination induction increased seed productivity from 28.4% (autogamy)
to 50.4% with insect visitations, as well as to 48.7 (geitonogamy) and to 55.1% (xenogamy) through manual
pollination.
Key words: flower-visiting insects, blooming, canola productivity

Abelhas melíferas na polinização de canola no Sul do Brasil

RESUMO: A canola (Brassica napus L.) é considerada autocompatível, embora pesquisadores indiquem aumento
na produtividade da cultura resultante da polinização efetuada por Apis mellifera L.. Considerando-se a crescente
importância dessa cultura no Rio Grande do Sul, avaliou-se o incremento da produtividade de síliquas e
sementes a partir de interações com insetos antófilos e com testes de polinização manual. A freqüência de visitas
de A. mellifera foi relacionada com o desenvolvimento da floração da cultura e a produtividade foi comparada
entre plantas visitadas por insetos, polinizadas manualmente (geitonogamia e xenogamia) e com ausência de
indução de polinização. Em cada tratamento avaliou-se a produtividade de síliquas e de sementes formadas por
planta. Dentre os 8.624 insetos visitantes florais registrados destacaram-se representantes de Hymenoptera
(92,3%), dos quais 99,8% eram A. mellifera. A relação entre essas abelhas e o curso da floração foi positiva (r =
0,87; p = 0,002). A indução de polinização elevou a produtividade de sementes de 28,3% (autogamia) para
50,4% com livre visita de insetos e com polinização manual, respectivamente, para 48,7 (geitonogamia) e
55,1% (xenogamia).
Palavras-chave: insetos visitantes florais, floração, produtividade agrícola

Introduction

Canola, Brassica napus L., is a genetically modified se-
lection of colza. The levels of erucic acid and
glucosinolates present in native rapeseed limit suitability
for human and animal consumption. Thus, genetic modi-
fications were made with the aim of reducing the levels
of these substances, and thereby allowing the consump-
tion of oil extracted from seeds, which is known as canola
oil. Canola belongs to the family of Brassicaceae and is
cultivated throughout Brazil’s southern grain production
systems (Barni et al., 1985; Tomm, 2007), standing out as
an excellent economic alternative due to its use in the pro-
duction of human consumable oils and biodiesel (Cunha,
2007; Tomm, 2007; Marjanovic-Jeromela et al., 2008).

Klein et al. (2007) highlighted the importance of in-
sect pollination in the production of fruits and seeds.
Besides contributing to the preservation of natural eco-
systems, bee pollination is one of the main alternatives
for the improvement of crop productivity (Westcott and
Nelson, 2001; D’Ávila and Marchini, 2005). Thus, honey
bees, Apis mellifera L., are considered the most impor-
tant flower visitors (Delaplane and Mayer, 2000) and
most efficient B. napus pollinators (Free, 1993; Sabbahi
et al., 2005).

Although canola is considered a self-pollinating crop,
the presence of insect pollinators, especially A. mellifera,
increases its seed productivity (Eisikowitch, 1981; Kevan
and Eisikowitch, 1990; Delaplane and Mayer,  2000;
Westcott and Nelson, 2001). An adequate pollination
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process, resulting from consecutive bee visits, ensures
the reproductive cycle of the Brassicaceae, increasing
their productivity indices (Abrol, 2007). Mussury and
Fernandes (2000) demonstrated an increase of 31.9% of
seeds per plant under natural pollination condit ions,
when compared to autogamy condit ions. Concerning
average seed weight, Williams et al. (1986) and Adegas
and Nogueira-Couto (1992) found increases of 34.5% and
19.2%, respectively, when comparing plants under bee
influence to plants without any insect influence.

Considering the current worldwide need for canola
seed production and the growing importance of this crop
in the Rio Grande do Sul State, Brazil, the production
of pods and seeds resulting from self-pollination, manual
pollination and interactions between honey bees and
flowers was evaluated in this study.

Material and Methods

This study evaluated B. napus cultivar Hyola 432 de-
velopment from pre-blooming to pod harvesting, in a
field of 13 ha , in the Três de Maio, Rio Grande do Sul
State, Brazil (27º46’ S; 54º14’ W). There were two apiar-
ies in the region, each with 20 and 18 colonies, respec-
tively, at about 0.2 km and 1 km from the crop’s bound-
aries; potential wild bee areas were very small, since
they were reduced due to the presence of native frag-
ments throughout the region. Data gathering was per-
formed between July and October of 2007; temperature,
precipitation and relat ive humidity were respectively
14.6ºC, 2.8 mm and 74.6%. The data were provided by
the meteorological station of the existing headquarters
in the fields of canola.

Apis mellifera,  as well as other pollinators, were
counted throughout the blooming period in order to de-
termine their abundance. This procedure was performed
by three 30-minute periods (as of 12h00, 14h00 and 16h00),
twice a week, at temperatures over 12ºC, totaling 27 h
of records. Records were made over a transect of 300 m
in length and 1 m wide, at an average speed of about 0.6
km h–1. Insect identification was only made at the order
level, while A. mellifera was identified at the species
level. The blooming progression was monitored using
120 plants, which were labeled with colored ribbons and
distributed in the four ends of the field and at eight
points in the inner portion of the crop field. The num-
ber of flowers on each plant’s main inflorescence was
evaluated during the entire blooming period.

Concerning the pollination efficiency test, seed pro-
ductivity was compared between four experiments: (i)
autogamy, covering the inflorescences during the entire
anthesis period; (ii) control, allowing spontaneous insect
access; (iii) geitonogamy - manual pollination between
flowers of the same plant; (iv) xenogamy - manual polli-
nation between flowers from different plants. Four rep-
licates were performed for each treatment, where each
replicate included seven plants. To evaluate the auto-
gamy, geitonogamy and xenogamy treatments, the plants
were protected with wooden frames (1 × 1 × 1.8 m),

covered with a thin mesh (Voala tissue), allowing air cir-
culation, to and excluding insects.  The control treat-
ment was marked with wooden stakes and kept unpro-
tected to allow insect visits. As this treatment is unpro-
tected, it also includes abiotic factors. For manual pol-
lination purposes, pollen grains were transferred be-
tween vigorous flowers using a thin brush, in four-day
intervals, because the anthesis period has approximately
the same time interval. Considering that a few flowers
outlived their vigorous stage over untreated time peri-
ods, the index of manually treated flowers was calcu-
lated based on the total number of flowers produced,
amounting to 51.9% and 42.6% concerning the
geitonogamy and xenogamy treatments, respectively. At
the end of crop cycle, the plants were harvested and the
following parameters were evaluated: total number of
pods / plant (n = 28 plants / treatment); number of seeds
/ pod (n = 160 pods / treatment); and seed weight (n =
160 pods / treatment).

The percent of seed / plant was estimated for each
treatment, using the formula: average number of seeds
per pods multiplied by 100 and divided by the average
number of ovules obtained from 100 flowers with ma-
ture ovaries. The total seed weight per plant was calcu-
lated by multiplying the average individual seed weight
by the number of seeds per plant.

To determine flower attractiveness to the bees, the
relation between the foraging behavior of A. mellifera
and the blooming progression of B. napus was calculated
by Pearson’s correlation test. Since the parameters total
number of pods / plant and seed weight showed para-
metric data, the averages of the pollination treatments
were compared using variance analysis (ANOVA), fol-
lowed by the Games-Howell test (95% confidence inter-
vals) for non-homogeneous samples (number of pods /
plant, pod weight and seed weight). The number of seeds
/ pod parameter was characterized by non-parametric
data. In this case, the Kruskal-Wallis test and the Student
- Newman - Keuls test (95% confidence intervals) were
used to compare the averages. SPSS version 11.5 statis-
tics package for MS Windows was used in all analyses,
except the Student – Newman – Keuls test, for which
the Bioestat version 5.0 program was used.

Results and Discussion

During the blooming process of B. napus plants, 8.624
insects were recorded on their flowers. They included
species of Hymenoptera,  especially A. mellifera
(99.83%), Diptera, Lepidoptera and Coleoptera (Table
1). The attractiveness of B. napus flowers to A. mellifera
is associated with the availability of food resources,
whether nectar or pollen, according to previous records
by Free (1993), Delaplane and Mayer (2000) and Mussury
et al. (2003). Another explanation for the intense visita-
t ion of bees to flowers is  that canola is a crop that
blooms in winter. During this period, food resources
from other sources are scare because the plants usually
are not in bloom during the winter.
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Apis mellifera frequency was directly related to the
progression of B. napus blooming, and it differed from
that of other insect groups (Figure 1). The correlation
between the number of B. napus flowers in the crop and
the number of recorded honey bees during the bloom-
ing period was positive (n = 9 days; r = 0.87; p < 0.05).
The abundance of food resources offered by B. napus in-
creased flower attractiveness and, consequently, bee pol-
lination, resulting in higher seed productivity (Manning
and Boland, 2004). The introduction of A. mellifera colo-
nies in the crop is an alternative for productivity im-
provements and should be performed when approxi-
mately 10% of the blooming has occurred (Abrol, 2007).
If the beehives are established before this period, the
bees may be forced to feed on other plants which may
be in blooming, preventing pollination increases in the
crop itself (Abrol, 2007). Concerning the cultivar stud-
ied, Hyola 432, this 10% index occurred between the 2nd

and 3rd weeks of blooming, a period during which the
beehives should be introduced.

Brassica napus Hyola 432 productivity in all pollina-
t ion induction situations, whether manually
(geitonogamy and xenogamy) or by insects and abiotic
conditions (control), exceeded autogamic productivity
(Table 2). The productivity results for manually polli-
nated plants, through geitonogamy and xenogamy, were
statistically similar regarding the number of pods / plant
and seeds / pod, as well as pod weight and seed weight
/ pod (Table 2). The number of pods in these plants was
higher than in the other treatments. However, in plants
subjected to normal insect visitation (control), the num-

ber of seeds / pod, pod weight and seed weight / pod
were higher than with manual pollination treatments,
and even higher when compared to autogamic pollina-
tion. This lower productivity in terms of number of
seeds / pod, as well as pod and seed weights obtained
with manual pollination treatments can be attributed to
low stigma receptivity at the moment of pollination
(Muthugapatti et al., 1993). Stigmas are receptive for only
two days (Free, 1993),  while the intervals between
manual pollination procedures were four days. Given
that manual treatments were only applied to vigorous
flowers, it is plausible to infer that certain flowers were
not yet receptive. On the other hand, once pollen grains
are deposited on yet unreceptive stigmas, their viability
decreases with t ime, according to Bots and Mariani
(2005). Therefore, any pollen deposited prior to stigma
receptivity becomes less viable, affecting seed produc-
tion.

High rates of A. mellifera visitations were recorded
during the anthesis period. Due to this intense pollina-
tion, the flowers were most likely visited more than once
during this period. Hence, it is also likely that pollen
grains came in contact with the stigma during its recep-
tive period. On the other hand, flowers under manual
pollination treatments were only supplied once with
pollen. Production losses in manual pollination pro-

Table 1 – Observed insect pollinators on flowers during
the canola blooming period, 2007.

Taxon 12h00 14h00 16h00 PM
-------------------- % ---------------------

Apis mellifera  92.6  87.9  96.3
Other Hymenoptera  0.2  < 0.1  0.2
Diptera  6.9  11.3  3.4
Lepidoptera  0.2  0.7  0.1
Coleoptera  0.1  < 0.1  0

Values given as average ± SD. (1)Average values based on production percentages. 2Values for number of pods / plant, pod weight and
seed weight followed by same letters are not different (Games- Howell test, p < 0.05). 3Average values obtained by the Kruskal-Wallis
test, followed by the Student – Newman – Keuls test (p < 0.05) for non-parametric data.

Table 2 – Brassica napus productivity according to treatments.
Percentage of
pods / plant

(n = 28 plants /
treatment)1

Seeds / pod
(n = 160 pods /

treatment)

Seed
weight/pod(g)

(n = 160 pods /
treatment)

Number of
flowers / plant (n

= 28)

Number of  pods
/ plant (n = 28)

(% of  pods
formation)

Estimated
number of

ovules / plant

Estimated number
of  seeds / plant
% of  developed

seeds)

Estimated
seeds weight/

plant (g)

Control 59.5 ± 1.55 b2 390.5 a3 0.07 ± 0.001 a 318.5 ± 154.6 189.0 ± 101.9 6836.5  3449.3(50.45)  14.5

Xenogamy 70.6 ± 2.18 a 307.6 b 0.06 ± 0.002 b   409.9 ± 206.5 291.8 ± 67.5 8797.7  4890.6(55.12)  19.8

Geitonogamy 65.5 ± 1.56 a 321.2 b  0.06 ± 0.002 b 438.1 ± 189.6 286.5 ± 79.3 9401.6  4583.9(48.75)  18.3

Autogamy 43.8 ± 2.61 c 252.1 c 0.04 ±0.002 c 306.7 ± 134.4 128.4 ± 60.5 6582.8  1867.4(28.36)  5.6

Figure 1 – Frequency of insect occurrence according to B. napus
blooming progression. Empty bars represent A.
mellifera; filled bars represent other insects. The line
represents blooming progression.
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cesses can be attributed to insufficient pollen placement
on flower stigmas (Kwak and Jennersten, 1991). The pol-
linating efficiency of A. mellifera is due to morphologi-
cal characteristics that favor the transportation and depo-
sition of large quantities of pollen on flowers (Abrol,
2007). The manual pollination procedures chosen were
most likely not as efficient as honey bee pollination con-
cerning the placement of pollen grains on flower stig-
mas.

All parameters concerning the production of pods and
seeds in manually pollinated plants, especially in
xenogamy treatments, were higher than those of the other
treatments, except for the parameter “estimation of the
number of seeds per plant” in geitonogamy, which was
1.7% below the estimate of the control (Table 2). Mussury
and Fernandes (2000) found different results while work-
ing with the cultivar CTC-4 at Dourados, Mato Grosso
do Sul State, Brazil, where spontaneous insect pollination
(control) produced greater numbers of seeds per plant
(51.5% and 77.9%) than manual treatments through
geitonogamy and xenogamy, respectively. This variation
may be related to the differences in pod development be-
tween the cultivars in question, the study methods ap-
plied, and the climatic conditions in the study regions.

The self-fertility index for B. napus Hyola 432, ob-
tained through the autogamy test, indicated that 28.4%
of ovules developed into seeds. However, the results for
the other treatment, whether through spontaneous insect
visits or manual pollination, indicated that pollination
induction increased productivity, yielding up to 55.1%
in ovule fertilization in plants of the xenogamy treat-
ment. Seed productivity may be increased through the
introduction of bees in the crop during the blooming pe-
riod, given that seed numbers and weights were higher
for plants treated through xenogamy or receiving spon-
taneous insect visits.  However, honey bee foraging ac-
tivit ies and, consequently,  their pollinating potential,
were limited by low temperatures in the study area ,
since the effective recording of bee visits always began
at 12h00, when the temperature reached 12ºC (Woyke
et al., 2003).

Many authors indicate ideal numbers of bee colonies
needed to improve canola productivity, where recom-
mendations vary, among other factors, according to lo-
cality, cultivar, plant density, number of flowers / in-
florescence on each plant, blooming duration, internal
colony condit ions and number of flowers / hectare
(Abrol, 2007). Abrol (2007) recommends the introduc-
tion of three to four colonies per hectare, while Sabbahi
et al. (2005) states that it is important to insert at least
three colonies per hectare in order to reach satisfactory
productivity levels. Colonies must be placed according
to their foraging radius, and pollinating activit ies de-
crease when this distance exceeds 0.5 km (Abrol, 2007).
Manning and Wallis (2005) have found losses in produc-
tivity in areas even 0.2 km from established the apiar-
ies. Manning and Boland (2004) indicated that the num-
ber of pods per B. napus plant (cv. Karoo) decreased as

the distance between apiaries increased, observing that
the pod set decreased by 16% at a distance of 1 km from
the apiary. To establish the number of hives and the dis-
tance that crop must be from them, it is important that
studies be carried out prior to planting, since there can
be wide agrometeorological variations from one region
to another. Agrometeorological factors possibly inter-
fere in some way with the number of hives for a given
crop, for a satisfactory yield.

 There were two apiaries in the surrounding area of
the canola crop studied, one with 20 colonies of A.
mellifera (0.2 km) and another with 18 colonies, located
at a distance of 1 km. Sabbahi et al. (2005) demonstrated
that at least three colonies per hectare are necessary in
order to obtain satisfactory productivity levels. Based on
this study, 39 colonies were necessary in order to yield
such results for the canola crop studied, since its area is
13 ha. Considering that there were 20 colonies already
within a satisfactory foraging radius, it would be neces-
sary to double this number to achieve increases in the
production of B. napus pods and seeds.

As a conclusion, manual pollination increases B.
napus productivity. Apis mellifera was the most frequent
pollinator of B. napus flowers. Colonies of this insect
should be introduced in order to increase the seed pro-
duction of canola.
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