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Abstract

To evaluate the impact of Apis mellifera adansonii on fruit and seed yields of Croton macrostachyus, the
foraging and pollinating activities of worker bees were studied in Ngaoundéré. From May to June in 2013 and
2014, the experiments were carried out on 375 inflorescences divided in three treatments: two treatments
differentiated according to the presence or absence of protection regarding honeybee and other insects visits; the
third protected and uncovered when flowers were open, to allow honeybee visits. Worker’s seasonal rhythm of
activity, their foraging behavior on flowers, their pollination efficiency, the fruiting rate and percentage of
normal seeds were evaluated. Results show that, honeybee foraged on C. macrostachyus flowers throughout its
whole blooming period. This bee intensely harvested nectar and pollen. The mean number of individuals
foraging simultaneously on 1000 flowers was 21.25 in 2013 and 56.14 in 2014. The mean duration of a visit per
flower was 6.07 sec in 2013 and 5.69 sec in 2014. The mean foraging speed was 10.61 flowers/min in 2013 and
12.28 flowers/min in 2014. The fruiting rate and the percentage of normal seeds of unprotected inflorescences
were significantly higher than those protected from insects. Through its pollination efficiency, this bee provoked
a significant increase of fruiting rate by 44.82% (2013) and 61.85% (2014) as well as the percentage of normal
seeds by 78.60% (2013) and 76.69% (2014). The installation of honeybee colonies close to C. macrostachyus
populations could be recommended to increase fruit and seed yields and to increase honey production in the

region.
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Introduction

The basic food of each honey bee colony are nectar
and pollen (Crane, 1999; Weidenmiiller and Tautz,
2002). Nectar is transformed into honey and pollen
and honey are stored in the hive for future use
(Tchuenguem et al., 2008a). These substances have
been exploited by human for million of years (Crane,
1999). Honey and pollen production depends mainly
on the abundance of some plant species and their
attractiveness to honey bees (Williams and Carreck,
1994; Segeren et al., 1996). Thus the sustainable
beekeeping in a given region needs a detailed
knowledge of bee plants which grow in the
environment of the hives (Segeren et al, 1996;
Riedacker, 1996; Bakenga et al., 2000; Leven et al.,

2005; Paterson, 2006).

Croton macrostachyus is a spontaneous plant species
with mean height reaching 25 m; its leaves are simple,
alterns, turning to orange before falling; the
inflorescence is a thin terminal bunch reaching 35 cm
of length (Arbonnier, 2002). Dominant colour of
opened flower is whitish (Tchuenguem et al., 2008a)
and each flower produces nectar and pollen which
attract Apis mellifera adansonii (Fichtl and Adi,
1994; Tchuenguem et al., 2008a). The fruit is an
almost globular capsule with 8-12 mm of diameter
(Arbonnier, 2002). In West Africa, different parts of
the plant are taken as decoction to treat constipation,
stomachache and women barrenness; they are also
used to treat pains and wounds due to Guinea worm
(Burkill, 1994). In Cameroon, owing to increasing
demand for hive products such as honey and pollen,
beekeeping needs to be developed (Tchuenguem et
al., 2008a). Highest quantities of honey consumed or
marketed in this country come from the Adamawa
region which has a climate particularly favorable to
the proliferation of bees (Inades, 2000a). Despite the
country’s potentiality in producing honey, this activity
faced a domestic offer less to nationwide demand
(FAO, 2000; Tsafack et al.,, 2011). Before this
research, no previous work has been reported on the
pollination efficiency of A. m. adansonii on C.
macrostachyus flowers. Preliminary studies by
Tchuenguem et al. (2008a) reported that at
Ngaoundéré, A. m. adansonii visits C. macrostachyus
flowers to harvest nectar and pollen.

2016

The main objective of this work carried out in
Ngaoundéré was to contribute to the understanding
of the relationships between C. macrostachyus and
its flower visiting insects, for their optimal
management. Specific objectives were: (a) the
registration of the activity of A. m. adansonii on C.
macrostachyus flowers; (b) the evaluation of the
apicultural value of this plant; (c) the evaluation of
the impact of flowering insects on pollination, on fruit
and seed yields of this Euphorbiaceae, and (d) the
estimation of the pollination efficiency of A. m.

adansonii on C. macrostachyus.

Materials and methods

Study site

Experiments were carried out from May to June 2013
and from May to June 2014 at Dang (Latitude
7°25.365 N, Longitude 13°32.572 E and Altitude 1083
a.s.l), a village located in the North of the city of
Ngaoundéré, in the Adamawa Region of Cameroon.
This Region belongs to the high-altitude Guinean-
savanna agro-ecological zone. The climate is
characterized by two seasons: a rainy season (April to
October) and a dry season (November to March). The
annual rainfall is about 1500 mm. The mean annual
temperature is 22°C while the mean annual relative
humidity is 70%. The vegetation is represented by
crops, ornamental plants, hedge plants and native

plants of savanna and gallery forests.

Biological materials

The plant material was represented by C.
macrostachyus naturally presents in the study site.
material was

The biological represented by

individuals of A. m. adansonii Latreille
(Hymenoptera: Apidae) and other insects naturally

present in the environment.

Determination of the mating system of Croton
macrostachyus

In May 13th, 2013, 240 inflorescences of C.
macrostachyus with flowers in bud stage were
labelled among which 120 were left unprotected
(treatment 1) and 120 were bagged using gauze bags

(treatment 2) to prevent insect visits (Roubik, 1995).
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In May 13th, 2014, the same treatments were set up,
240 inflorescences of C. macrostachyus with flowers
in bud stage were labelled among which 120 were left
unprotected (treatment 4) and 120 were bagged using

gauze bags to prevent insect visits (treatment 5).

For each studied years, 10 days after the shading of
the last labelled inflorescence, the number of formed

fruits was assessed in each treatment.

The fruiting index was then calculated as described by
Tchuenguem et al. (2001): Pi = F2 / F1, where F2 is
the number of formed fruits and F1 the number of

viable flowers initially set.

The allogamy rate (Alr) from which derives the
autogamy rate (Atr) was expressed as the difference
in fruiting indexes between treatment X (unprotected
flowers) and treatment Y (protected flowers)

(Demarly, 1977).

Alr = [(PiX - PiY) / PiX] x 100, where PiX and PiY are
respectively the mean fruiting indexes in treatment X
and treatment Y.

Atr =100 - Alr

Estimation of the frequency of Apis mellifera
adansonii visit on Croton macrostachyus flowers

The frequency of A. m. adansonii on C.
macrostachyus flowers was determined based on
observations on flowers of treatments 1 and 4, every
day, from May 15t to June 18th, 2013 and 2014. Data
were taken according to six daily time frames: 6-7h,
8-9h, 10-11h, 12-13h, 14-15h and 16-17h. By observing
labelled flowers of treatments 1 and 4, all visits of
insects on C. macrostachyus flowers were recorded.
Specimens of all insect taxa (3 to 5 per species) were
caught with an insect net on unlabeled flowers and
conserved in 70% ethanol for later identification. All
insects encountered on flowers were registered and
the cumulated results expressed as the number of
visits to determine the relative frequency of A. m.
adansonii in the entomofauna of C. macrostachyus

(Tchuenguem, 2005).

2016

Data obtained were used to determine the frequency
of visits (Fi) of each insect species on C.
macrostachyus flowers. For each studied period, Fi =
{[(Vi) / VI] x 100} with Vi the number of visits of
insect 7 on flowers of treatment with unprotected
flowers, and VI the total number of visits of all

recorded insect species on these flowers.

Study of Apis mellifera adansonii activity on Croton
macrostachyus flowers

In addition to the determination of the pollinator
abundance, direct observations of the foraging
activity on flowers were made on A. m. adansonii.
The floral product harvested (nectar or pollen) by
worker bees during a floral visit were registered based
on the foraging behavior of each forager. Nectar
foragers were seen extending their proboscis to the
base of the corolla and the stigma, while pollen
gatherers directly scratched the anthers with their
mandibles or legs (Jean-Prost, 1987). In the morning
of each sampling date, the number of opened flowers
was counted, while the duration of the individual
flower visits was recorded (using stopwatch)
according to six time frames: 7-8h, 9-10h, 11-12h, 13-

14h, 15-16h and 17-18h.

Moreover, the number of pollinating visits (bee comes
into contact with the stigma) (Oertel, 1961), the
abundance of foragers (highest number of individuals
foraging simultaneously on a flower or on 1000
flowers) and the foraging speed (number of flowers
visited by a bee species per minute) (Jacob-Remacle,
1989) were measured on the same dates and time
frames as the registration of the duration of visits.
The foraging speed (Vb) was calculated using the
following formula: Vb = (Fi / di) x 60, were di was the
time given by a stopwatch, and Fi, the number of
flowers visited during di. The interruptions of the
activity of foragers by competitors or predators and
the attractiveness exerted by other plant species
flowers on A. m. adansonii were assessed.

During each observation date, temperature and
relative humidity were registered after every 30

minutes using a mobile thermo-hygrometer.
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Evaluation of the impact of flowering insects on
Croton macrostachyus yields

This evaluation was based on the impact of flowering
insect on pollination, the impact of pollination on C.
macrostachyus fruiting, and the comparison of yields
(fruiting rate, mean number of seed per fruit and
percentage of normal seeds) of treatment X
(unprotected flowers) and treatment Y (bagged
flowers) (Roubik, 1995).

The fruiting rate due to the influence of foraging
insects (Fri) was calculated using the formula: Fr; =
{[(FrX- FrY) / FrX] x 100} were FrX and FrY are the
fruiting rate in treatment X and treatment Y
respectively. The fruiting rate of treatment (Fr) is Fr
= [(F2 / F1) x 100], where F2 is the number of fruits
formed and F1 the number of viable flowers initially
set (Tchuenguem et al., 2001). At maturity, fruits
were harvested from each treatment and the number
of seeds per fruit counted. The mean number of seeds
per fruit and the percentage of normal (well
developed) seeds were then calculated for each
treatment. The impact of flower visiting insects on
seed yields was evaluated using the same method as

mentioned above for fruiting rate.

Assessment of the pollination efficiency of Apis
mellifera adansonii on Croton macrostachyus

Parallel to the constitution of treatments 1 and 2,
treatment 3 was set up with 135 bagged inflorescences
as those of treatment 2. Parallel to the constitution of
treatments 4 and 5, treatment 6 was set up with 135
bagged inflorescences as those of treatment 5.
Between 11h and 12h, then 15h and 16h (2013); and
between 11h and 12h, then 13h and 14h (2014), the
gauze bag was delicately removed from each
inflorescence of treatments 3 and 6 carrying out new
opened flowers and observed up to 20 minutes.
Visited flowers by A. m. adansonii were marked and

the inflorescence was rebagged thereafter.

The contribution of A. m. adansonii in the fruiting
(Frx) was calculated using the following formula: Frx
= {[(FrZ - FrY) / FrZ] x 100} (Tchuenguem, 2005),
where FrZ and FrY are the fruiting rate in treatment
Z (flowers visited exclusively by A. m. adansonii) and
treatment Y (bagged flowers).

2016

At maturity, fruits were harvested from each of the
treatments 2, 3, 5 and 6. The number of seeds per
fruit was counted.

The mean number of seeds per fruit and the
percentage of normal seeds were then calculated for
each treatment. The impact of A. m. adansonii on
seed yields was evaluated using the same method as

mentioned above for fruiting rate.

Data analysis

Data were analyzed using descriptive statistics,
student’s t-test for the comparison of means of two
samples, correlation coefficient (r) for the study of
linear relationship between two variables, chi-square
(2 for the comparison of two percentages, ANOVA
for the comparison of means of more than two

samples and Microsoft Excel 2010 sheet.

Results

Mating system of Croton macrostachyus

In each of treatments 1 and 2 (2013) and 4 and 5
(2014), 120 inflorescences were investigated. In 2013,
the fruiting index was 0.34 and 0.25 respectively for
treatments 1 and 2, while in 2014 it was 0.24 for
treatment 4 and 0.17 for treatment 5. Hence, TC and
TA were respectively 26.47% and 73.53% in 2013
against 29.17% and 70.83% in 2014. For the two
cumulated years; TC = 27.82% and TA = 72.18%.

Thus C. macrostachyus has a mixed mating system,
allogamous and autogamous, with the predominance

of autogamy over allogamy.

Frequency of Apis mellifera adansonii visit on Croton
macrostachyus flowers

Among the 6502 and 6921 visits of 15 and 16 insect
species recorded on C. macrostachyus flowers in
2013 and 2014 respectively, A. m. adansonii was the
most represented insect with 2268 visits (34.88%)
and 2524 visits (36.47%), in 2013 and 2014
respectively. The difference between these two
percentages is not significant (x2 = 3.68; df=1; P >
0.05) (Table 1).
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Table 1. Diversity of floral insects on Croton macrostachyus in 2013 and 2014, number and percentage of visits

of different insects at Dang.

2016

Insects 2013 2014 Totalz013/2014
Order Family Genus, Species, Sub — species n; P, (%) no P, (%) nr Pr (%)
Coleoptera Chrysomelidae (1sp.) (ne) 19 0,29 - - 19 0,14
Lycidae Lycus latissimus (ne) 310 4,77 309 4,46 619 4,61
Scarabeidae (1sp.) (ne) 2 0,03 5 0,07 7 0,05
Total Coleoptera 331 5,09 314 4,53 645 4,80
Diptera Calliphoridae Calliphora sp. 1 (ne) 2494 38,36 2503 36,16 4997 37,24
Calliphora sp. 2 (ne) 43 0,66 50 0,72 93 0,69
Syrphidae (1sp.) (ne) 12 0,18 35 0,51 47 0,35
(1sp.) (ne) - - 28 0,40 28 0,21
Total Diptera 2549 39,20 2616 37,79 5165 38,49
Hemiptera Pyrrhocoridae Dysdercus voelkeri (ne) 30 0,46 30 0,43 60 0,45
Hymenoptera Apidae Apis mellifera adansonii (ne, po) 2268 34,88 2524 36,47 4792 35,71
Meliponula furruginea (ne, po) - - 12 0,17 12 0,09
Xylocopa olivacea (ne, po) 3 0,05 7 0,10 10 0,08
Total Apidae 2271 34,93 2543 36,74 4814 3588
Formicidae Camponotus brutus (ne) 227 3,49 234 3,38 461 3,44
Polyrachis sp. (ne) 613 9,43 685 9,90 1298 9,67
(1sp.) (ne) 382 588 391 565 773 5,76
Total Formicidae 1222 18,80 1310 18,93 2532 18,87
Sphecidae Philanthus triangulum (ne) 55 0,85 55 0,79 105 0,78
Vespidae Belonogaster juncea (ne) 43 0,66 43 0,62 86 0,64
Total Hymenoptera 3586 55,16 3951 57,08 7537 56,17
Lepidoptera  Zygenidae (1sp.) (ne) 1 0,02 10 0,14 11 0,08
Total 6502 100 6921 100 13418 100
15 species 16 species 17 species

Comparison of percentages of Apis mellifera adansonii visits for the two years: (x2 = 3.68; df = 1; P > 0.05).

n:: number of visits on 120 inflorescences in 30 days, n.: number of visits on 120 inflorescences in 30 days, p. and

p2: percentages of visits, sp.: undetermined species, ne: visitor collected nectar, po: visitor collected pollen. p: =

(n:1/ 6502) x 100, p2 = (n2/ 6921) x 100.

Activity of Apis mellifera adansonii on Croton
macrostachyus flowers

Floral products harvested

During each flowering season, A. m. adansonii
foragers were found to intensively and regularly
collecting nectar and pollen on C. macrostachyus
flowers. On Fig. 1. A. m. adansonii is shown collecting

nectar on C. macrostachyus flowers.

Rhythm of visits according to the flowering stages
Visits were numerous when the number of opened
flowers was highest on C. macrostachyus (Fig. 2.).

Furthermore, we found a positive and significant
correlation between the number of opened flowers
and the number of visits in 2013 (r = 0.42; df = 28; P
< 0.05) but not significant in 2014 ( = 0.08; df = 28;
P> 0.05).

Daily rhythm of visits

A. m. adansonii starts its foraging activity on C.
macrostachyus flowers around 9 am and foraged
throughout its blooming period, with two peaks
situated between 11h and 12h then between 15h and
16h in 2013, and between 11h and 12h then between

13h and 14h in 2014 (Fig. 3.).

Weather conditions influenced the activity of A. m.
adansonii. In 2013, the correlation was not significant
between the number of A. m. adansonii visits and the
temperature (r = 0.54; df = 4; P > 0.05); while it was
significant between the number of visits and relative

humidity (r = 0.85; df = 4; P < 0.05).
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Table 2. Fruiting rate, mean number of seeds per fruit and normal seed percentage according to different

treatments of Croton macrostachyus in 2013 and 2014 at Dang.

Treatments Studied Number of Number of Fruiting Seeds/fruit Total seeds Number  of % normal
years  flowers shower fruits formal rate (%) Mean  Sd normal seeds seeds

1 (unprotected flowers) 2013 10313 3510 34.03 1.63 0.82 195 130 66.67

2 (bagged flowers) 10142 2564 25.28 1.18 0.48 141 52 36.88

3 (flowers exclusively visited 5245 2351 44.82 2.11 116 285 224 78.60

by Apis mellifera adansonii)

4 (unprotected flowers) 2014 10236 2406 23.50 1.04 0.87 125 77 61.6

5 (bagged flowers) 9987 1690 16.92 1.01 0.97 121 43 35.54

6 (flowers exclusively visited 4123 2550 61.85 2.19 113 296 227 76.69

by Apis mellifera adansonii)

In 2014, the correlation was significant between the
number of A. m. adansonii visits and the temperature
(r = 0.86; df = 4; P < 0.05); while it was not
significant between the number of visits and relative

humidity (r = - 0.78; df = 4; P > 0.05).

Abundance of Apis mellifera adansonii foragers

In 2013, the highest mean number of A. m. adansonii
simultaneously in activity was 1 per flower (n = 676; s
= 0) and 21.25 per 1000 flowers (n = 272; s = 13.50;
maxi = 83). In 2014, the corresponding values were 1
2365; s = 0) and 56.14 per 1000
flowers (n = 636; s = 48.42; maxi = 278).

per flower (n =

The difference between these two means was highly
significant (f = 161.19; df = 906; P < 0.001).

Duration of visits per flower

In 2013, the mean duration of a visit of A. m.
adansonii per flower was 6.07 seconds (n = 1213; s =
4.21; maxi = 59). In 2014, the corresponding value
was 5.69 seconds (n = 2203; s = 3.75; maxi = 59).

The difference between these two means is highly
significant (t = 75.82; df = 3414; P < 0.001).

During each flowering season, A. m. adansonii
harvest passively pollen (without scratching the
anthers) and actively nectar (proboscis was extended
to the base of the corolla) (Fig. 1.).

Foraging speed of Apis mellifera adansonii on
Croton

macrostachyus flowers

A. m. adansontii visited between 3 and 60 flowers per
minute in 2013 as well as in 2014. The mean foraging
speed was 10.61 flowers per minute (n = 265; s =
5.68) in 2013 and 12.28 flowers per minute (n = 836;
s =6.42) in 2014.

The difference between these two means is highly

significant (t = 53.72; df = 1099; P < 0.001).

Fig. 1. Apis mellifera adansonii collecting nectar on

Croton macrostachyus flowers at Dang in 2014.

Influence of fauna

Individuals of A. m. adansonii were interrupted in
their foraging activity by other individuals of the same
or different species. They were either predators or
competitors for nectar or pollen. In 2013, for 1213
visits of A. m. adansonii, 8 (0.66%) were interrupted
whereas in 2014 for 2203 visits, 44 (2%) were
interrupted. This action forces the interrupted bee to
visit a greater number of flowers during its foraging
trips, to get its nectar or pollen loads (Klein et al.,

2007).

80 | Carine and Nestor



Int. J. Biosci.

Influence of neighboring flora

During the observation on C. macrostachyus, flowers
of many other plant species surrounding the study
area were visited by A. m. adansonii workers, for
nectar (ne) or pollen (po). Among those plants were
Tithonia diversifolia (Asteraceae; ne and po);

Mimosa invisa (Mimosaceae; po);

2016

Lantana camara (Verbenaceae; ne); Bixa orenalla

(Bixaceae; ne and po); Cosmos sulphureus
(Asteraceae; ne and po) and Sida rhombifolia
(Malvaceae; ne and po). During one foraging trip on
C. macrostachyus flowers, A. m. adansonii foragers

scarcely visited another plant species.
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Fig. 2. Seasonal variation of the number of Croton macrostachyus opened flowers and the number of Apis

mellifera adansonii visits in 2013 (A) and 2014 (B).

Apicultural value of Croton macrostachyus

During the flowering periods of C. macrostachyus, a
well elaborated activity of A. m. adansonii workers
was register on its flowers. In particular, there was
high density of workers, a very good harvest of nectar
and pollen, and a fidelity of workers on flowers.
Moreover, each C. macrostachyus plant can produce
more than 20000 flowers. These data pointed out the
very good attractiveness of C. macrostachyus nectar
and pollen to A. m. adansonii. They allow C.
macrostachyus to be classified in the category of very
highly nectariferous and highly polliniferous bee
plants.

Impact of flowering insects on Croton macrostachyus
yields

During nectar harvest on flowers, foragers regularly
contacted anthers and pollen adhered all over its body
increasing (by this action) cross pollination possibility
of C. macrostachyus. Table 2 presents the results on
fruiting rate, number of seeds per fruit and
percentage of normal seeds in different treatments.
a)- The fruiting rate due to flowering insects was
34.03% in treatment 1 (unprotected flowers) and

25.28% in treatment 2 (bagged flowers) (2013);
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it was 23.50% in treatment 4 and 16.92% in treatment
5 (2014). The comparison of these percentages shows

that the difference are very highly significant

2016

between treatments 1 and 2 (32 = 187.68; df = 1; P <
0.001) as well as between treatments 4 and 5 (x =
135.64; df = 1; P < 0.001).
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Fig. 3. Daily variation of Apis mellifera adansontii visits on Croton macrostachyus flowers in 30 days in 2013 (A)

and 2014 (B), mean temperature and mean humidity of study site.

b)- The mean number of seeds per fruit due to insects
was 1.63 in treatment 1 and 1.18 in treatment 2; the
corresponding figures were 1.04 treatment 4 and 1.01
in treatment 5. The comparison of these means shows
that the difference is very highly significant between
treatments 1 and 2 (t = 956.43; df = 6072; P < 0.001)
as well as in treatments 4 and 5 (t = 32.63; df = 4094;
P < 0.001).

¢)- The percentage of normal seeds due to the action

of insects including A. m. adansonii in 2013 was

66.67% in treatment 1 and 36.88% in treatment 2.
The corresponding figures were 61.6% and 35.54% in
treatments 4 and 5. The comparison of these figures
shows that the difference is very highly significant
between treatments 1 and 2 (32 = 29.25; df = 1; P <
0.001) as well as in treatments 4 and 5 (x2 = 16.72; df
= 1; P < 0.001). For the cropping years, the difference
between the percentage of normal seeds from
treatments 1 and 4 and normal seeds from treatments
2 and 5 was very highly significant (x2 = 23.32; df = 1;
P < 0.0001).
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Pollination efficiency of Apis mellifera adansonii on
Croton macrostachyus

During nectar and pollen harvest on flowers, foragers
regularly contacted anthers and carried pollen. The
percentage of the number of visits during which A. m.
adansonii came into contact with the anthers of the
visited flowers was 100% in 2013 as well as in 2014.
Consequently this bee increased possibilities of the

pollination of C. macrostachyus flowers.

The global comparison of different means (Table 2)
shows that the difference is very highly significant in
2013 (F = 35.97; df = 374; P < 0.0001) and 2014 (F =
58.49; df = 374; P < 0.0001).

a)- The fruiting rate due to A. m. adansonii was
44.82% in 2013 and 61.85% in 2014. The difference
between these two percentages is highly significant
(O = 268.20; df = 1; P < 0.001). The difference
between treatments 2 (bagged flowers) and 3 (flowers
exclusively visited by A. m. adansonii) was highly
significant (y2 = 607.35; df = 1; P < 0.001), as well as
between treatments 5 (bagged flowers) and 6 (flowers
exclusively visited by A. m. adansonii) (x2 = 2802.15;
df=1; P < 0.001).

For the two studied periods, the fruiting rate of
flowers exclusively visited by A. m. adansonii was
higher than those of bagged flowers.

b)- The mean number of seeds per fruit due to A. m.
adansonii was 2.11 in 2013 and 2.19 in 2014. The
comparison of these means shows that the difference
is very highly significant between treatments 2 and 3
(t =-1304.79; df = 4913; P < 0.001) in 2013 as well as
in 2014 (t = - 1121.56; df = 4238; P < 0.001).

During the observations periods, the mean number of
seeds per fruit in treatment exclusively visited by A.
m. adansonii was higher than those of bagged
flowers.

c)- The percentage of normal seeds due to A. m.
adansonii was 78.60% in 2013 and 76.69% in 2014.
The comparison of percentages between treatments 2
and 3 shows that the difference is very highly
significant (2 = 71.96; df = 1; P < 0.001), as well as
between treatments 5 and 6 (y2 = 63.73; df = 1; P <
0.001).

2016

For the both studied periods, the difference between
the percentage of normal seeds from flowers isolated
and visited exclusively by A. m. adansonii (treatments
3 and 6) and protected flowers (treatments 2 and 5)
was very highly significant (y2 = 67.70; df = 1; P <
0.001).

Discussion

Activity of Apis mellifera adansonii on Croton
macrostachyus flowers

Results indicate that A. m. adansonii collects nectar
and pollen on C. macrostachyus flowers. The same
results were obtained by Tchuenguem et al. (2008a)
at Ngaoundéré on the same plant species. But in West
Cameroon, Dongock et al. (2004) reported the
collection of nectar only in flowers of this
Euphorbiaceae. The harvest of nectar and pollen of C.
macrostachyus by A. m. adansonii has also been
reported in Ethiopia (Fichtl and Adi, 1994). Thus, the
type of floral products harvested by A. m. adansonii
on a given plant species can vary with the regions. In
addition, in previous studies, Nebojs“a et al. (2013)
also observed the collection of nectar and pollen on
Brassica napus flowers by this honeybee in Serbia.
The observed variations could mainly be explained by
the availability of pollen or nectar on flowers and by

the needs of honeybee colonies.

It is known that the foraging activity of honeybees
begins early in the morning and ends in the evening
(Abou-Shaara, 2014). The peaks of activity of A. m.
adansonii observed on C. macrostachyus flowers
could be linked to the period of highest availability of
nectar and pollen. The interruptions of visits reduced
the duration of certain A. m. adansonii visits. This
obliged some workers to visit more flowers during a
foraging trip, in order to obtain their maximal pollen
and nectar loads. Similar findings were made for A.
m. adansonii workers foraging on flowers of C.
macrostachyus (Euphorbiaceae), Syzygium
guineense var. guineense (Myrtaceae) (Tchuenguem
et al, 2008a); Persea americana (Lauraceae),
Vitellaria paradoxa (Sapotaceae) (Tchuenguem et

al., 2008b);
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Vigna unguiculata (Fabaceae) (Tchuenguem et al.,
2009b); Combretum nigricans, Erythrina sigmoidea,
Lannea kerstingii, Vernonia amygdalina
(Tchuenguem et al.,, 2010); Physalis micrantha

(Solanaceae) (Esther et al., 2015).

The observed high abundance of workers was due to
the ability of honeybees to recruit a great number of
foragers for the exploitation of good food sources
(Frisch, 1969; Louveaux, 1984; Schneider and Hall,
1997). The positive correlation between the number of
C. macrostachyus flowers and the number of
honeybee visits underscores the high attractiveness of
C. macrostachyus nectar and pollen for A. m.
adansonii. The positive correlation between this bee
and blooming progression was obtained by Annelise

et al. (2011) in Southern Brazil.

Present study shows that during one foraging trip, an
individual bee foraging on C. macrostachyus scarcely
visited another plant species. This result indicated
that A. m. adansonii shows flower -constancy
(Louveaux, 1984; Basualdo et al., 2000; Montgomery,
2009) on C. macrostachyus flowers. This floral
constancy is due to the fact that, individual forager of
honeybees is generally capable to memorize and
recognize the shape, colour and odour of the flowers
visited during previous foraging trips (Hill et al.,

1997; Wright et al., 2002).

Impact of Apis mellifera adansonii activity on the
pollination and yields of Croton macrostachyus

During the collection of nectar and pollen on each C.
macrostachyus flower, A. m. adansonii workers
regularly come into contact with stigma and anthers.
The same results were found in Ngaoundéré on
Anona senegalensis, C. macrostachyus,
Psorospermum febrifugum and Syzygium guineense
var. guineense flowers (Tchuenguem et al., 2008a);
on Persea americana, Vitellaria paradoxa flowers
(Tchuenguem et al., 2008b); on Callistemon rigidus
flowers (Fameni et al., 2012); on Glycine max flowers
(Stephanie et al., 2015); in Maroua on Glycine max

flowers (Tchuenguem and Dounia, 2014);

2016

on Phaseolus vulgaris var. small red seeds flowers
(Douka and Tchuenguem, 2013); in Bambui on
Physalis micrantha flowers (Esther et al., 2015). The
same results were also found in northeastern Brazil
by Neves and Viana (2011) on the monoecious plants
Jatropha mollissima (Pohl) Baill. and Jatropha
mutabilis (Pohl) Baill. (Euphorbiaceae), in Brazil by
ROomulo et al. (2012) on castor bean (Ricinus

communis).

They could thus enhance self-pollination by applying

pollen of one flower onto its own stigma.

A. m. adansonii could provide allogamous pollination
through carrying pollen with their hair, silk, legs,
mouthparts, thorax and abdomen, which is
subsequently touching stigma of other flowers
belonging to a different plant of the same species

(geitogamy).

The intervention of A. m. adansonii in the pollination
of this plant species is seemingly more real since its
density per 1000 flowers and its foraging speed are
high. The peaks of A. m. adansonii on C.
macrostachyus flowers can be explained by the
optimal receptivity period of the stigma of this

Euphorbiaceae.

The positive and significant contribution of A. m.
of C.

macrostachyus can be justified by the action of this

adansonii in fruit and seed yields

honey bee on pollination.

The numeric contribution of A. m. adansonii to C.

macrostachyus yields through its pollination
efficiency was significantly higher than that of all
insects on the exposed flowers. This shows that A. m.
adansonii is one of the major insect pollinators of C.
macrostachyus. The numeric contribution of A. m.
adansonii was reported by Tchuenguem et al.
(2009a, 2009b); Azo’o et al. (2010); Ximena et al.
(2010); Djonwangwé et al. (2011a, 2011b); Fameni et
(2013);

Tchuenguem (2014); Emerson et al. (2014); (Esther

al.(2012); Mazi et al. Adamou and

etal., 2015).
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Conclusion

At Dang, C. macrostachyus is a plant species that
obtained benefits from the pollination by insects
among which A. m. adansonii is the most frequent
pollinator which harvested nectar and pollen. The
comparison of fruit and seed yields of bagged flowers,
to those visited exclusively by A. m. adansonii,
underscores the value of this bee in increasing fruit
and seed yields as well as seeds quality. As a highly
nectariferous and polliniferous bee plant, C.
macrostachyus should be planted and protected to
increase honey production and to strengthen A. m.

adansonii colonies.

References

Abou-Shaara HF. 2014. The foraging behaviour of
honey bees, Apis mellifera: a review. Veterinarni
Medicina 1, 1- 10.

Adamou M, Tchuenguem FFN. 2014. Foraging
and pollination behavior of Apis mellifera adansonii
L. (Hymenoptera, Apidae) on Brachiaria brizantha
(Hochst; Ex A. Rich.) Stapf. 1919 flowers at Dang
(Ngaoundere-Cameroon). International Journal of
Agronomy and Agricultural Research 6, 62- 74.

Annelise SR, Betina B, Diego KL. 2011. Honey
bee contribution to canola pollination in Southern

Brazil. Scientia Agricola 2, 255- 259.

Arbonnier M. 2002. Arbres, arbustes et lianes des
zones séches d’Afrique de 1'Ouest. Edition: CIRAD-
MNHN-UICN. 573 p.

Azo’o EM, Messi J, Tchuenguem FFN,
Tamesse LJ, Kekeunou S, Pando JB. 2010.
Foranging behaviour of Apis mellifera adansonii and
its impact on pollination, fruit and seed yields of
Citrulus lanatus at Nkolbisson (Yaounde, Cameroon).
Cameroon Journal of Experimental Biology 1, 41- 48.

http://www.ajol.info/browse-journals.php

Bakenga M, Bahati M, Balagizi K. 2000.
Inventaire des plantes melliféeres de Bukavu et ses
(Sud-Kivu, Est de la
Démocratique du Congo). Tropicultura 18, 89- 93.

environs République

2016

Basualdo M, Bedascarrasbure E, De Jong D.

2000. Africanized Honey Bees (Hymenoptera:
Apidae) Have a Greater Fidelity to Sunflowers than
European Bees. Journal of Economic Entomology 2,

304- 307.

Burkill HM. 1994. The useful plants of West
Tropical Africa. 2nd Edition. Royal Botanic Gardens,
Kew, Richmond, United Kingdom. 636 p.

Crane E. 1999. The World History of Beekeeping
and Honey Hunting. Duckworth: London.

Demarly Y. 1977. Génétique et amélioration des

plantes. Masson (ed.), Paris, 577 p.

Djonwangwé D, Tchuenguem FFN, Messi J,
Briickner D. 2011a. Foraging and pollination
activities of Apis mellifera adansonii Latreille
(Apidae) on Syzygium guineense var. guineense
(Myrtaceae) flowers at Ngaoundéré (Cameroon).
Journal of Animal and Plant Sciences 3, 1325- 1333.
http://www.biosciences.elewa.org/JAPS

Djonwangwé D, Tchuenguem FFN, Messi J.
2011b. Foraging and pollination activities of Apis
mellifera adansonii Latreille (Hymenoptera : Apidae)
on Ximenia americana (Olacaceae) flowers at
Ngaoundere (Cameroon). International Research
Journal of Plant Science 6, 170- 178.
http://www.interesjournals.org/IRJPS

Dongock ND, Foko J, Pinta JY, Tchoumbé J,
Zango P. 2004. Inventaire et identification des
plantes melliferes de la zone soudano-guinéenne

d’altitude de I'Ouest Cameroun. Tropicultura 3, 139-
145.

Douka C, Tchuenguem FFN. 2013. Foraging and
pollination behavior of Apis mellifera adansonii L.
(Hymenoptera, Apidae) on Phaseolus wvulgaris
(Fabaceae)

International Journal of Plant Sciences 2, 45- 54.

flowers at Maroua (Cameroon).

http://www.interesjournals.org/IRJPS

85 | Carine and Nestor


http://www.ajol.info/browse-journals.php
http://www.biosciences.elewa.org/JAPS
http://www.interesjournals.org/IRJPS
http://www.interesjournals.org/IRJPS

Int. J. Biosci.

Emerson D, Chambé, Newton TE, Regina CG,
José BDJ, Maria CCRT, Vagner AT. 2014.
Pollination of Rapeseed (Brassica napus) by
Africanized Honeybees (Hymenoptera: Apidae) on
Two Sowing Dates. Anais da Academia Brasleira de
Ciéncias 4 Rio de Janeiro.
http://dx.doi.org/10.1590/0001-3765201420140134

Esther NOA, Fernand-Nestor TF, Champlain
DL. 2015. Foraging and pollination behavior of Apis
mellifera adansonii (Hymenoptera: Apidae) on
Physalis micrantha (Solanales: Solanaceae) flowers
at Bambui (Nord West, Cameroon). Journal of

Entomology and Zoology Studies 6, 250- 256.

FAO. 2000, Trade Yearbook. Rome (Italie) 54, 180-
183.

Fameni TS, Tchuenguem FFN, Briickner D.

2012. Pollination efficiency of Apis mellifera
adansonii (Hymenoptera: Apidae) on Callistemon
rigidus (Myrtaceae) flowers at Dang (Ngaoundere,
Cameroon). International Journal of Tropical Insect

Science 1, 2- 11.

Fichtl R, Adi A. 1994. Honeybee Flora of Ethiopia
Margraf Verlag. Weikerskein. In french.

Frisch KV. 1969. Vie et mceurs des abeilles. ed.
Albin Michel, Paris, 256 p.

Hill PSM, Wells PH, Wells H. 1997. Spontanoues
flower constancy and learning in honey bees as a
function of colour. Animal Behaviour 3, 615- 627.

Inades, 2000a. Report of the workshops with
INADES-Formation

Adamawa beekeepers.

Cameroun, Maroua Antenna.
Jacob-Remacle A. 1989. Comportement de
butinage de l'abeille domestique et des abeilles
sauvages dans des vergers de pommiers en Belgique.

Apidologie 20, 217- 285.

2016

Jean-Prost P. 1987. Apiculture: Connaitre I'abeille,

conduire le rucher. 6éme édition Lavoisier, Paris, 579

p-

Klein AM, Vaissiére BE, Cane JH, Steffan-
Dewenter I, Cunningham SA, Kremen C,
Tscharntke T. 2007. Importance of pollinators in
changing landscapes for world crops. Proceedings of

the Royal Society, London (B) 274, 303- 313.

Leven L, Boot VWJ, Mutsaers M, Segeren P,
Velthuis H.
Agrodok Serie mno. 32.

2005. Beekeeping in the Tropics
Agromisa, 6th edn.
Wageningen Publisher, Wageningen. 86 p.

Louveaux J. 1984. L’abeille domestique dans ses
relations avec les plantes cultivées. In: «Pollinisation
et Productions végétales», Pesson P., Louveaux J.,

(eds.) INRA, Paris, p. 527- 555.

Mazi S, Tchuenguem FFN, Briickner D. 2013.
Foraging and pollination behaviour of Apis mellifera
adansonii Latreille (Hymenoptera, Apidae) on
Gossypium hirsutum (Malvaceae) flowers at Dang
(Ngaoundéré, Cameroon). Journal of Agricultural

Science and Technology 3, 267- 280.

Montgomery BR. 2009. Do pollen carryover and
pollinator constancy mitigate effects of competition

for pollination? Oikos 118, 1084- 1092.

Nebojs“a N, Marina MJ, Dragana R, Bjorn R,
Ivan S, Zora DS, Mic’a M. 2013. Melliferous
potential of Brassica napus L. subsp. napus
(Cruciferae). Arthropod-Plant Interactions 7, 323-
333.

Neves EL, Viana BF. 2011. Pollination efficiency of
Apis mellifera Linnaeus, 1758 (Hymenoptera, Apidae)
on the monoecious plants Jatropha mollissima (Pohl)
Baill. and Jatropha (Pohl) Baill.

(Euphorbiaceae) in a semi-arid Caatinga area,

mutabilis

northeastern. Brazilian Journal of Biology 1, 107- 113.

86 | Carine and Nestor


http://dx.doi.org/10.1590/0001-3765201420140134

Int. J. Biosci.

Oertel E. 1961. Honey bees in production of white
clover seed in the Southern states. American Bee
Journal 101, 96- 99.
Paterson PD. 2006.
CTA/IBRA/MACMILLAN: London. 118 p.

Beekeeping.

Riedacker A. 1996. Plants that indicate what we do
not see. L’Abeille de France 815, 205.

Romulo AG, Rizzardo, Marcelo O, Milfont,
Eva MS, Da Silva, Freitas BM. 2012. Apis
mellifera pollination improves agronomic
productivity of anemophilous castor bean (Ricinus
communis). Anais da Academia Brasileira de Ciéncias

84, 1137- 1145.

Roubik DW. 1995. Pollination of cultivated plants in
the tropics. FAO Agricultural Services Bulletin 188,

198 p.

Schneider SS, Hall HG. 1997. Diet selection and
foraging distances of African and European-African
hybrid honey bee colonies in Costa Rica. Insectes
sociaux 44, 171- 187.

Segeren P, Mulder V, Beetsma J, Sommeijer
R. 1996. Apiculture sous les tropiques. Agrodok 32,
5éme ed., Agromisa, Wageningen, 88 p.

Stephanie BK, Fernand-Nestor TF, Albert N.
2015. Impact of the foraging activity of Apis mellifera
adansonii Latreille (Hymenoptera: Apidae) and
Bradyrhizobium fertilizer on pollination and yield
components of Glycine max L. (Fabaceae) in the field.
International Journal of Biological Research 2, 64- 71.
http://dx.doi.org/10.14419/ijbr.v3i2.5211

Tchuenguem FFN. 2005. Activité de butinage et de
pollinisation d’Apis mellifera adansonii Latreille
(Hymenoptera: Apidae, Apinae) sur les fleurs de trois
plantes a Ngaoundéré (Cameroun): Callistemon
(Myrtaceae),

macrocarpum (Myrtaceae) et Voacanga africana

rigidus Syzygium guineense var.

(Apocynaceae). Thése de Doctorat d’Etat, Université
de Yaoundé I, 103 p.

2016

Tchuenguem FFN, Messi J, Pauly A. 2001.
Activité de Meliponula erythra sur les fleurs de
Dacryodes edulis et son impact sur la fructification.

Fruits 56, 179- 188.

Tchuenguem FFN, Djonwangwé D, Briickner
D. 2008a. Foraging behaviour of the African honey
bee (Apis mellifera adansonii) on Annona
senegalensis, Croton macrostachyus, Psorospermum
febrifugum and Syzygium guineense var guineense
flowers at Ngaoundere (Cameroon). Pakistan Journal

of Biological Sciences 11, 719- 725.

Tchuenguem FFN, Djonwangwé D, Messi J,
Briickner D. 2008b. Exploitation of Dichrostachys
cinerea, Vitellaria paradoxa, Persea americana and
Securidaca longepedunculata flowers by Apis
mellifera adansonii Latreille (Hymenoptera: Apidae)
at Dang (Ngaoundéré, Cameroon). International

Journal of Tropical Insect Science 28, 225- 233.

Tchuenguem FFN, Djonwangwé D, Messi J,
Briickner D. 2009a. Activité de butinage et de
pollinisation d’Apis mellifera adansonii sur les fleurs
de Helianthus annus (Asteraceae) a Ngaoundéré
(Cameroun). Cameroon Journal of Experimental

Biology 5, 1- 9.

Tchuenguem FFN, Ngakou A, Kegni BS. 2009b.
Pollination and yield responses of cowpea (Vigna
unguiculata L. Walp.) to the foraging activity of Apis
Apidae) at

mellifera adansonii (Hymenoptera:

Ngaoundere (Cameroon). African Journal of

Biotechnology 8, 1988- 1996.

Tchuenguem FFN, Dounia. 2014 Foraging and
pollination behavior of Apis mellifera adansonii
(Hymenoptera: Apidae) on Glycine max L. flowers at

Maroua. Journal of Research in Biology 1, 1209- 1219.

Williams IH, Carreck NL. 1994. Land use changes
and honey bee forage plants. In Forage for Bees in an
Agricultural Landscape, Matheson A (ed). IBRA:
Cardiff; 7- 20.

87 | Carine and Nestor


http://dx.doi.org/10.14419/ijbr.v3i2.5211

Int. J. Biosci.

Tsafack MAS, Muluh AG, Kamajou F, Verina I,
Vabi BM. 2011. Etude comparative de la rentabilité
de deux types d’apiculture au nord-ouest Cameroun.

Tropicultura 1, 3- 7.

Weidenmiiller A, Tautz J. 2002. In-hive behavior
of pollen foragers (Apis mellifera) in honey bee
colonies under conditions of high and low pollen

need. Ethology 108, 205- 221.

2016

Wright GA, Skinner BD, Smith BH. 2002.
Ability of honeybee, Apis mellifera, to detect and
discriminate odors of varieties of canola (Brassica
rapa and Brassica napus) and snopgragon flowers
(Antirrhinum majus). Journal of Chemical Ecology 4,
721- 740.

Ximena AD, Rodrigo BU, José AC, Jorge LC,
Marcelo TB. 2010. Evaluation of Yield Component
Traits of Honeybee-Pollinated (Apis mellifera L.)
Rapeseed Canola (Brassica napus L.). Chilean
Journal of Agricultural Research 2, 309- 314.

88 | Carine and Nestor



