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ABSTRACT

The honey bees viz., Apis dorsata Fab., Apis cerana Fab., Apis mellifera L. and

Apis florea Fab. visited the dragon fruit flowers very frequently among 14 species

of floral visitors. Irrespective of flowering phases, the mean pollen foraging

duration was maximum with Apis florea (182.05 sec/flower), followed by A. cerana

(131.78), A. mellifera (129.17) and lowest was recorded with A. dorsata (122.36)

on the flowers of Hylocereus undatus. Apis florea spent maximum foraging

duration (169.65) followed by A. dorsata (132.99), A. cerana (131.79) and

A. mellifera () bees on the flowers of Hylocereus polyrhizus. The foraging

pattern of all these bees observed on the flowers of H. undatus and H. polyrhizus

indicated that, after collection of pollen from the anthers, bees moved on to the

stigma lobes, which provided as a platform for packing of the pollen into

their corbicula of their hind legs. During the process of packing, pollen grains

adhered to the lobes of the stigma enhancing the cross pollination.
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DRAGON fruit, Hylocereus spp. is an exotic fruit
crop belonging to the family Cactaceae, native

to Central and South American rainforests. It has
been well established as a new crop in various
tropical countries due to its precocious yielding
ability and its acceptability in the market. Dragon
fruit has been introduced to India during late 1990s.
In India, it is cultivated in Karnataka, Kerala, Tamil
Nadu, Maharashtra, Gujarat, Orissa, West Bengal,
Andhra Pradesh and Andaman and Nicobar Islands
in a small area of less than 400 ha (Karunakaran
et al., 2019).

At the onset of flowering, 3-5 spherical buttons
emerge from the stem margins and 2-3 of these may
develop into flower buds in about 13 days. The light
green cylindrical flower buds reach about ~28 cm after
17 days when anthesis occurs. The flowers are large,

hermaphrodite and extremely showy. They are whitish
pink in some types, very fragrant, nocturnal and bell
shaped. The flower opens rapidly, starting between
6.30 - 7.00 pm and opening of the flower is completed
at about 10.00 pm. Around 2.00 pm the flower closes
after pollination and thereafter the flower begins to
wilt. The petals close completely by next daybreak
(Gunasena et al., 2006).

Pushpakumara et al. (2005) carried out detailed
investigation of pollination vectors of dragon fruit
(Hylocereus undatus and H. polyrhizus), in
Bulathsinhala, Sri Lanka. The most likely pollinators
of dragon fruit are Apis cerana F., Apis florea F. and
Apis dorsata F. in Bulathsinhala, Sri Lanka.

Pollination is essential in fruit production of the
dragon fruit. As the flowers open in the night, bats
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and hawk moths in the natural range pollinate the
flowers. In many countries where the crop is grown
as a new crop, pollination is poor due to the lack of
natural pollinators. Hence, hand pollination has been
suggested to increase fruit set. Under Sri Lankan
conditions, Apis cerana F., Apis florea F. and Apis
dorsata F. effectively pollinate the dragon fruit during
the early morning hours (Pushpakumara et al., 2005). 

Studies on the association of Parodia neohorstii
(S.Theun.) N. P. Taylor and its bee pollinators
focusing on foraging behaviour, flower functioning,
female and male reproductive success and pollen fate,
showed synchronized flower opening and pollen
presentation but discontinuous blooming. The
apparently generalized flowers partition pollen
through thigmonastic stamen movements that function
as a mechanical filter against generalist bees by
restricting access to the major pollen reservoir to bees
that show flower handling ‘know-how’, thereby
favouring the oligolectic bee, Arhysosage cactorum
Moure. This pollinator adjusted its pollen foraging to
flower opening, removed pollen hurriedly and
promoted maximal fruit and seed set, which was
minimal in its absence (Cerceau et al., 2019).

The effectiveness of the bees as pollinators was
recorded in four cactus species viz. Notocactus
polyacanthu Link & Otto, N. sellowi Link & Otto,
N. sucineus Link & Otto and Gymnocalycium
denudatum (Link & Otto) Pfeiff. ex Mittler. The
studies found that Arhysosage cactorum Moure
(Andrenidae), Sarocolletes rugata Moure & Urban,
(Colletidae) and Ancyloscelis fiebrigi Brethes
(Anthophoridae), specialized solitary bees, are the
most effective pollinators of Notocactus and
Gymnocalycium. Various species of Notocacteae
share the same main pollinators. Polylectic and social
bees contribute little to the pollination of the cactus
species examined in the Serra do Sudeste, Rino
Grande do Sul, Brazil (Schlindwein and Wittmann,
1995).

The studies pertain to foraging duration and foraging
pattern of honey bee species on two types of dragon
fruit was very much limited in India hence the results
of this study provide the basis for future studies in
India or abroad.

MATERIAL AND METHODS

Observations on foraging duration and foraging
pattern of most frequent floral visitors of dragon fruit
types such as, Hylocereus undatus Haw. and
Hylocereus polyrhizus Haw. was recorded during the
flowering period of 2021-22 in the farmer’s field at
Suradenupura, Yelahanka (Tq.), Bengaluru Urban
district, Karnataka, India.

Foraging Duration and Foraging Pattern of most
Frequent Floral Visitors on Hylocereus undatus
and Hylocereus polyrhizus

Foraging duration of Floral Visitors :

Among fourteen floral visitors, honey bees viz., Apis
dorsata Fab., Apis cerana Fab., Apis mellifera L. and
Apis florae Fab. visited the dragon fruit flowers very
frequently during different flowering phases
(Flowering phase is a reproductive phase of dragon
fruit having 4-5 blooming days with the gap 16-20
days, these are 7 such phases in H. undatus and
8 in H. polyrhizus). The foraging duration of
individual honey bee species in terms of time spent
per flower during different phases of flowering was
carefully observed at hourly intervals starting from
0600 upto 1900 hr and the duration taken, starting
from arrival on a particular flower till its departure
after foraging of pollen and nectar from the flowers
of dragon fruit was recorded by using a digital stop
watch. The duration taken by four different species at
hourly intervals was recorded and the mean was
calculated. The time spent was expressed in seconds
per flower (Sajjanar and Eswarappa, 2015; Shreya
et al., 2024).

Foraging Pattern of Floral Visitors

Foraging pattern of Apis species was recorded by
tracking of unloaded fresh individual of honey bees
for their movement pattern between male and female
organs within the flower from their arrival upto
departure from the flowers of Hylocereus undatus and
H. polyrhizus at different time intervals during
different flowering phases.

Mysore J. Agric. Sci., 59 (2) : 206-219  (2025) NAGABHUSHANA REDDY et al.
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Pollen and Nectar Foragers

The pollen and nectar foragers were recorded during
different phases of flowering. Four individual flowers
from four directions of plant were randomly selected,
tagged and labelled. Pollen and nectar collecting bees
were observed for five minutes at hourly intervals from
0600-1900 hrs of the day. The bee species collecting
pollen from the flower along with pollen load in their
hind legs were treated as pollen foragers and the bee
species collecting the nectar from the flower without
pollen load in their hind leg were treated as nectar
foragers.

RESULTS AND DISCUSSION

Pollen Foraging duration of Apis Species of
Honeybees on Two Dragon Fruit types during
different Phases of Flowering

First Phase of Flowering

The time spent for collection of pollen from flowers
of two types of dragon fruit by the honey bees varied
significantly among the different hours of the day. The
foragers of A. dorsata spent least foraging duration
(73.3sec/flower) on the flowers of Hylocereus
undatus during 0600-0700 hrs for pollen collection.
The duration for pollen foraging gradually increased
and reached a maximum (174.45sec/flower) during
0900 to 1000 hrs and then declined upto 1100-1200
hrs (109.2sec/flower). The pollen foraging duration
of A. cerana gradually increased from 0600-0700 hrs
(97.65sec/flower) and reached a maximum (178.7sec/
flower) during 0800-0900 hrs and then declined to
98.55 seconds per flower at 1100-1200 hrs. Similar
trend was also observed in case of A. mellifera from
0600-0700 hrs (98.25sec/flower) with the maximum
pollen foraging duration (172.55sec/flower) during
0800-0900 hrs and then it declined to 101.55 seconds
per flower during 1100-1200 hrs. The pollen foragers
of A. florea was observed from 0800-0900 hrs with
time spent being 213.8 seconds per flower and it was
suddenly increased to 331.2 seconds per flower during
0900-1000 hrs and then declined to 183.55 seconds
per flower during 1100-1200 hrs. The mean pollen
foraging duration was found to be maximum in case

of A. florea foragers (239.4 sec/flower), followed by
A. cerana (133.3 sec/flower), A. mellifera (130.83 sec/
flower) and the lowest time spent of 110.9 seconds
per flower was recorded in case of A. dorsata pollen
foragers (Table 1).

The foragers of A. dorsata spent least foraging
duration (123 sec/flower) on the flowers of
Hylocereus polyrhizus during 1000-1100 hrs for
pollen collection and the duration for pollen foraging
was maximum (267.2 sec/flower) during 0900 to 1000
hrs. The pollen foraging duration of A. cerana
gradually increased from 0600-0700 hrs (146.9 sec/
flower) and reached a maximum (261.2 sec/flower)
during 0900-1000 hrs and then it declined to 141.9
seconds per flower during 1100-1200 hrs. A. mellifera
spent least foraging duration (105.1 sec/flower) on
the flowers during 0600-0700 hrs for pollen collection.
The duration for pollen foraging was maximum
(176.35 sec/flower) during 0900 to 1000 hrs and
then declined to 128.4 seconds per flower during
1100-1200 hrs. The pollen foragers of A. florea was
observed from 0800-0900 hrs with time spent of 64.35
seconds per flower and it was gradually increased
to 348.45 seconds per flower during 1000-1100 hrs
and then once again declined to 270.3 seconds
per flower during 1100-1200 hrs. The mean pollen
foraging duration was found to be maximum in case
of Apis florea foragers (223.31 sec/flower),
followed by A. cerana (173.43 sec/flower), A. dorsata
(168.05 sec/flower) and lowest of 138.93 seconds per
flower was recorded in case of A. mellifera pollen
foragers (Table 1).

Second Phase of Flowering

The time spent for collection of pollen from flowers
of two types of dragon fruit by honey bees varied
significantly among different hours of the day. The
foragers of A. dorsata spent least foraging duration
(56.55 sec/flower) on the flowers of Hylocereus
undatus during 0600-0700 hrs of the day for
pollen collection. The duration for pollen foraging
gradually increased and reached a maximum (171.6
sec/flower) during 0900 to 1000 hrs and then declined
upto 1100-1200 hrs (105.25 sec/flower) of the day.

Mysore J. Agric. Sci., 59 (2) : 206-219  (2025) NAGABHUSHANA REDDY et al.
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The pollen foraging duration of A. cerana gradually
increased during 0600-0700 hrs (117.8 sec/flower)
and reached maximum (207.8 sec/flower) during
0900-1000 hrs and then it declined to 105.8 seconds
per flower at 1100-1200 hrs. Similar trend was also
observed in case of A. mellifera from 0600-0700 hrs
(69.75 sec/flower), with the maximum pollen foraging
duration (201.70 sec/flower) during 0900-1000 hrs
and then it declined to 103.55 seconds per flower
during 1100-1200 hrs. The pollen foragers of A. florea
was observed from 0800-0900 hrs with time spent of
197.3 seconds per flower and it was suddenly
increased to 262.55 seconds per flower during
0900-1000 hrs and then declined to 185.30 seconds
per flower during 1100-1200 hrs. The mean pollen
foraging duration was found to be maximum in case
of A. florea foragers (211.2 sec/flower), followed by
A. cerana (153.46 sec/flower), A. mellifera (137.66
sec/flower) and the lowest of 118.13 seconds
per flower was recorded in case of A. dorsata pollen
foragers (Table 2).

The foragers of A. dorsata spent least foraging
duration (91.50 sec/flower) on the flowers of
Hylocereus polyrhizus during 1000-1100 hrs of the
day for pollen collection and the duration for pollen
foraging was maximum (172.25 sec/flower) during
0900 to 1000 hrs. The pollen foraging duration of
A. cerana gradually increased during 0600-0700 hrs
(149.3 sec/flower) and reached a maximum (164.75
sec/flower) during 0800-0900 hrs of the day and
thereafter it declined to 93 sec/flower during 1100-
1200 hrs. A. mellifera also spent least foraging
duration (91.20 sec/flower) on the flowers during
1100-1200 hrs of the day for pollen collection,
whereas the duration for pollen foraging was
maximum (163.40 sec/flower) during 0800 to 0900
hrs and then declined to 91.20 sec/flower during
1100-1200 hrs. The pollen foragers of A. florea was
observed from 0800-0900 hrs with a duration of 59.70
sec/flower and it gradually increased to 203.25 sec/
flower during 1000-1100 hrs and then declined to 130
sec/flower during 1100-1200 hrs. The mean pollen

TABLE 1

Pollen foraging duration of Apis species of honeybees on dragon fruit types, Hylocereus undatus and
Hylocereus polyrhizus during 1st phase of flowering (06.05.2022-10.05.2022)

Pollen foraging duration (Sec/flower)

A. d A.c A. m A.fA. d A.c A. m A.f

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 73.30 c 97.65 c 98.25 c - 142.70 b 146.90 c 105.10 d -

0700-0800 75.95 c 120.95 b 110.45 c - 156.45 b 148.80 c 114.20 cd -

0800-0900 110.60 b 178.70 a 172.55 a 213.80 b 150.90 b 147.90 c 140.80 b 64.35 d

0900-1000 174.45 a 176.40 a 172.50 a 331.20 a 267.20 a 261.20 a 176.35 a 210.15 c

1000-1100 121.90 b 127.75 b 129.70 b 229.05 b 123.00 c 193.90 b 168.75 a 348.45 a

1100-1200 109.20 b 98.55 c 101.55 c 183.55 b - 141.90 c 128.40 c 270.30 b

Mean 110.90 133.33 130.83 239.40 168.05 173.43 138.93 223.31

F test * * * * * * * *

S. Em± 6.50 8.45 7.44 4.19 6.64 8.06 13.27 13.23

CD @5% 19.61 25.48 22.43 12.64 20.01 24.30 40.02 39.89

CV 11.73 12.68 11.37 5.25 9.48 9.29 19.11 17.78

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting flowers
Means followed by the same letter in a column do not differ significantly by DMRT

Mysore J. Agric. Sci., 59 (2) : 206-219  (2025) NAGABHUSHANA REDDY et al.
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foraging duration was found to be maximum in case

of A. dorsata foragers (140.30 sec/flower), followed

by A. florea (140.19 sec/flower), A. cerana (137.98

sec/flower) and lowest of 132.51 sec/flower was

recorded in case of A. mellifera pollen foragers

(Table 2).

Third Phase of Flowering

The time spent for collection of pollen from flowers

of two types of dragon fruit by honey bees varied

significantly at different hours of the day. The pollen

foraging duration of Apis dorsata gradually increased

from 0600-0700 hrs (137.75 sec/flower) and reached

a maximum (161.05 sec/flower) during 0800-0900 hrs

of the day, then declined to 88.25 seconds per flower

at 1100-1200 hrs. The pollen foraging duration of Apis

cerana gradually increased from 0600-0700 hrs (107.5

sec/flower) and reached a maximum (176.95 sec/

TABLE 2

Pollen foraging duration of Apis species of honey bees on dragon fruit types, Hylocereus and
Hylocereus polyrhizus during 2nd phase of flowering (27.05.2022-31.05.2022)

Pollen foraging duration (Sec/flower)

A.d A.c A.m A.fA.d A.c A.m A.f

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 56.55 e 117.80 d 69.75 f - 122.80 b 149.30 a 112.55 b -

0700-0800 94.00 d 132.90 c 126.25 d - 157.05 a 162.30 a 160.05 a -

0800-0900 113.80 c 195.65 a 175.80 b 197.30 b 157.90 a 164.75 a 163.40 a 59.70 d

0900-1000 171.60 a 207.80 a 201.70 a 262.55 a 172.25 a 160.00 a 160.30 a 167.80 b

1000-1100 137.80 b 160.80 b 148.90 c 199.50 b 91.50 c 98.50 b 107.55 b 203.25 a

1100-1200 105.25 cd 105.80 d 103.55 e 185.30 b - 93.00 b 91.20 c 130.00 c

Mean 118.13 153.46 137.66 211.2 140.30 137.98 132.51 140.19

F test * * * * * * * *

S. Em± 15.17 4.90 5.92 6.13 9.09 8.50 10.15 15.76

CD @5% 45.74 14.78 17.86 18.47 27.40 25.63 30.61 47.50

CV 25.69 6.39 8.61 8.71 15.55 12.33 15.33 33.72

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting flowers
Means followed by the same letter in a column do not differ significantly by DMRT

flower) during 0800-0900 hrs and then declined to

93.8 seconds per flower at 1100-1200 hrs. Similar

trend was observed in case of A. mellifera from

0600-0700 hrs (112.75 sec/flower), with the maximum

pollen foraging duration (187.3 sec/flower) during

0800-0900 hrs and then declined to 89.3 seconds per

flower during 1100-1200 hrs. The pollen foragers of

A. florea was observed from 0800-0900 hrs with time

spent of 182.05 seconds per flower and it suddenly

increased to 227.15 seconds per flower during

0900-1000 hrs and then declined to 140.05 seconds

per flower during 1100-1200 hrs. The mean pollen

foraging duration was found to be maximum in case

of Apis florea foragers (184.38 sec/flower), followed

by A. dorsata (134.6 sec/flower), A. mellifera (130.9

sec/flower) and lowest of 125.52 seconds per flower

was recorded in case of A. cerana pollen foragers on

Hylocereus undatus flowers (Table 3).

Mysore J. Agric. Sci., 59 (2) : 206-219  (2025) NAGABHUSHANA REDDY et al.
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Fourth Phase of Flowering

The time spent for collection of pollen from flowers
of two types of dragon fruit by the honey bees varied
significantly among the different hours of the day.
The pollen foraging duration of Apis dorsata and
A. mellifera gradually increased from 0600-0700 hrs
(100.85 sec/flower and 102.5 sec/flower) and reached
a maximum (180.35 sec/flower and 168.75 sec/flower)
during 0900-1000 hrs of the day, then it declined to
85.25 seconds per flower and 74.75 seconds per flower
during 1100-1200 hrs. The pollen foraging duration
of A. cerana gradually increased from 0600-0700 hrs
(110 sec/flower) and reached a maximum (166.15 sec/
flower) during 0800-0900 hrs and then declined to
80.25 seconds per flower at 1100-1200 hrs, whereas
the pollen foragers of A. florea was observed from
0800-0900 hrs with time spent of 152.75 seconds per
flower and it gradually increased to 231.5 seconds
per flower during 1000-1100 hrs and then declined to

TABLE 3

Foraging duration of Apis species of honey bees on dragon fruit types, Hylocereus undatus and
Hylocereus polyrhizus during 3rd phase of flowering (09.06.2022-12.06.2022)

Pollen foraging duration (Sec/flower)

A.d A.c A.m A.fA.d A.c A.m A.f

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 137.75 b 107.5 d 112.75 c - 115 c 101.5 d 117.75 d -

0700-0800 149.5 a 122.05 c 137.05 b - 139 b 124.75 c 130.3 c -

0800-0900 161.05 a 176.95 a 187.3 a 182.05 b 156.05 b 149.3 b 152.75 b 152.3 b

0900-1000 158.5 a 140.55 b 143.25 b 227.15 a 198.8 a 184.55 a 191.3 a 215.75 a

1000-1100 112.55 c 112.3 cd 115.75 c 188.3 b 101 c 98.75 d 112.55 d 224.25 a

1100-1200 88.25 d 93.8 e 89.3 e 140.05 c - 72.5 e 74.55 e 148.75 b

Mean 134.6 125.52 130.9 184.38 141.97 121.89 129.86 185.26

F test * * * * * * * *

S.Em± 9.070 5.56 9.677 14.90 9.639 12.23 12.81 13.63

CD @5% 27.35 16.76 29.17 44.93 29.05 36.87 38.63 41.09

CV 13.48 8.860 14.78 24.25 16.29 20.07 19.73 22.07

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting flowers
Means followed by the same letter in a column do not differ significantly by DMRT

144 seconds per flower during 1100-1200 hrs. The
mean pollen foraging duration was found to be
maximum in case of Apis florea foragers (174.7 sec/
flower), followed by A. cerana (132.10 sec/flower),
A. mellifera (131.71 sec/flower) and lowest of 131.53
seconds per flower was recorded in case of A. dorsata
pollen foragers on flowers of Hylocereus undatus
(Table 4).

The foragers of A. dorsata spent least foraging
duration (102.6 sec/flower) on the flowers of
Hylocereus polyrhizus during 0600-0700 hrs for
pollen collection and the duration for pollen foraging
was maximum (142.8 sec/flower) during 0900 to 1000
hrs and then declined to 121 seconds per flower
during 1000-1100 hrs. The pollen foraging duration
of A. cerana gradually increased from 0600-0700 hrs
(126 sec/flower) and reached a maximum (156 sec/
flower) during 0800-0900 hrs of the day and then
declined to 34 seconds per flower during 1100-1200

Mysore J. Agric. Sci., 59 (2) : 206-219 (2025) NAGABHUSHANA REDDY et al.



212

M
ys

or
e 

Jo
ur

na
l o

f A
gr

ic
ul

tu
ra

l S
ci

en
ce

s

TABLE 4

Pollen foraging duration of Apis species of honey bees on dragon fruit types, Hylocereus undatus and
Hylocereus polyrhizus during 4th phase of flowering (27.06.2021-01.07.2021)

Pollen foraging duration (Sec/flower)

A.d A.c A.m A.fA.d A.c A.m A.f

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 100.85 cd 110.00 d 102.50 d - 102.60 d 126.00 c 173.40 a -

0700-0800 146.60 b 145.25 b 134.05 b - 121.00 c 135.00 b 114.60 b -

0800-0900 157.90 b 166.15 a 163.75 a 152.75 c 135.00 b 156.00 a 170.40 a 160.50 b

0900-1000 180.35 a 165.65 a 168.75 a 170.55 b 142.8 a 123.00 c 117.60 b 178.05 b

1000-1100 118.25 c 125.35 c 117.25 c 231.50 a 121.00 c 78.00 d 87.00 c 208.25 a

1100-1200 85.25 d 80.25 e 74.75 e 144.00 c - 34.00 e 46.00 d 92.50 c

Mean 131.53 132.10 131.71 174.7 124.48 108.66 118.16 159.82

F test * * * * * * * *

S.Em± 12.12 6.756 11.56 8.607 8.91 12.34 11.43 10.52

CD @5% 36.53 18.48 32.45 25.94 23.17 35.15 32.53 31.71

CV 18.43 25.35 23.35 12.31 14.25 19.87 18.95 16.45

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting flowers
Means followed by the same letter in a column do not differ significantly by DMRT

hrs. A. mellifera spent least foraging duration
(46 sec/flower) on the flowers during 1100-1200 hrs
of the day for pollen collection, whereas duration for
pollen foraging was maximum (173.4 sec/flower)
during 0600 to 0700 hrs. The pollen foragers of
A. florea was observed from 0800-0900 hrs with
time spent of 160.5 seconds per flower and it gradually
increased to 208.25 seconds per flower during
1000-1100 hrs and then declined to 92.5 seconds
per flower during 1100-1200 hrs. The mean pollen
foraging duration was found to be maximum in
case of Apis florea foragers (159.82 sec/flower),
followed by A. dorsata (124.48 sec/flower),
A. mellifera (118.16 sec/flower) and lowest of 108.66
seconds per flower was recorded in case of A. cerana
pollen foragers (Table 4).

The pollen foraging duration of Apis dorsata
gradually increased from 0600-0700 hrs (115 sec/
flower) and reached a maximum (198.8 sec/flower)

during 0900-1000 hrs and then declined to 101 sec/
flower at 1100-1200 hrs. The pollen foraging
duration of A. cerana and A. mellifera gradually
increased from 0600-0700 hrs (101.5 sec/flower
and 117.75 sec/flower) and reached a maximum
(184.55 sec/flower and 191.3 sec/flower) during
0900-1000 hrs of the day and then declined to 72.5
sec/flower and 74.55 sec/flower, respectively during
1100-1200 hrs. The pollen foragers of A. florea was
observed from 0800-0900 hrs with time spent of
152.3 sec/flower and it gradually increased to
224.25 sec/flower during 1000-1100 hrs and then
declined to 148.75 sec/flower during 1100-1200 hrs.
The mean pollen foraging duration was found to be
maximum in case of A. florea foragers (185.26 sec/
flower), followed by A. dorsata(141.97 sec/flower),
A. mellifera (129.86 sec/flower) and lowest of
121.89 seconds per flower was recorded in case of
A. cerana pollen foragers on H. polyrhizus flowers
(Table 3).
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Fifth Phase of Flowering

The foraging duration for collection of pollen from
flowers of two different types of dragon fruit by the
honey bees varied significantly during different
hours of the day. The time spent for the collection
of pollen by A. dorsata and A. cerana gradually
increased from 0600-0700 hrs (99.75 sec/flower and
107.5 sec/flower) and reached maximum (161 sec/
flower and 163.7 sec/flower) during 0800-0900 hrs,
then declined to 90.25 seconds per flower and 86.75
seconds per flower at 1100-1200 hrs. The foraging
duration of A. mellifera gradually increased from
0600-0700 hrs (104.5 sec/flower), with the maximum
pollen foraging duration (171.5 sec/flower) during
0900-1000 hrs and then it declined to 90.75 sec/flower
during 1100-1200 hrs. The pollen foragers of A. florea
were observed from 0800-0900 hrs with time spent
of 112.75 sec/flower and it was suddenly increased to
174.25 sec/flower during 0900-1000 hrs and then

declined to 138.25 sec/flower during 1100-1200 hrs.
The mean pollen foraging duration was found to be
maximum in case of A. florea foragers (143.12 sec/
flower), followed by A. mellifera (131.87 sec/flower),
A. cerana (128.61 sec/flower) and lowest of 127.81
sec/flower was recorded in case of A. dorsata pollen
foragers on flowers of Hylocereus undatus (Table 5).

The foragers of A. dorsata, A. cerana and A. mellifera
spent least foraging duration (97.7 sec/flower, 107.5
sec/flower and 115.3 sec/flower) on the flowers of
Hylocereus polyrhizus during 0600-0700 hrs for
pollen collection, with maximum (166.5 sec/flower,
173.4 sec/flower and 163.8 sec/flower) during 0900
to 1000 hrs and then declined (125 sec/flower,
84.4 sec/flower and 89.9 sec/flower), respectively
during 1000-1200 hrs. The A. florea foragers spent
lowest (136.55 sec/flower) duration during 0800-0900
hrs and the highest (211.25 sec/flower) was recorded
during 1000-1100 hrs and then it declined to 164

TABLE 5

Foraging duration of Apis species of honey bees on dragon fruit types, Hylocereus undatus and
Hylocereus during 5th phase of flowering (19.07.2021-23.07.2021)

Pollen foraging duration (Sec/flower)

A.d A.c A.m A.fA.d A.c A.m A.f

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 99.75 d 107.50 c 104.50 c - 97.70 d 107.50 c 115.30 c -

0700-0800 135.10 b 134.20 b 136.00 b - 113.75 cd 118.25 c 124.40 bc -

0800-0900 161.00 a 163.70 a 161.50 a 112.75 c 134.30 b 131.75 b 133.55 b 136.55 c

0900-1000 159.30 a 158.25 a 171.50 a 174.25 a 166.50 a 173.40 a 163.80 a 196.75 a

1000-1100 121.50 c 121.25 b 127.00 b 147.25 b 125.00 b 143.55 b 138.45 b 211.25 a

1100-1200 90.25 d 86.75 d 90.75 c 138.25 b - 84.4 d 89.90 d 164.75 b

Mean 127.81 128.61 131.87 143.12 127.45 126.47 127.56 177.32

F test * * * * * * * *

S.Em± 8.611 8.028 7.020 7.249 10.05 6.569 8.790 10.21

CD @5% 25.95 24.20 21.16 21.85 30.31 19.80 26.49 30.79

CV 13.47 12.48 10.64 15.19 18.93 10.38 13.78 17.28

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting flowers
Means followed by the same letter in a column do not differ significantly by DMRT
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seconds per flower during 1100-1200 hrs. The mean
pollen foraging duration was found to be maximum
in case of A. florea foragers (177.32 sec/flower),
followed by A. mellifera (127.56 sec/flower),
A. dorsata (127.45 sec/flower) and lowest of 126.47
seconds per flower was recorded in case of A. cerana
pollen foragers (Table 5).

Sixth Phase of Flowering

The time spent for collection of pollen from flowers
of two types of dragon fruit by the honey bees varied
significantly during the different hours of the day.
The pollen foraging duration of Apis dorsata,
A. cerana and A. mellifera gradually increased from
0600-0700 hrs (91.50, 101.05 and 89.50 sec/flower)
and reached maximum (164.50, 177.55 and 175.3 sec/
flower) during 0900-1000 hrs, then it declined (82.00,
93.75 and 81.25 sec/flower) during 1100-1200 hrs.
The A. florea foragers spent lowest duration during
1100-1200 hrs (126.00 sec/flower) and highest
duration during 0900-1000 hrs (208.3 sec/flower).

TABLE 6

Foraging duration of Apis species of honey bees on dragon fruit types, Hylocereus undatus and
Hylocereus polyrhizus during 6th phase of flowering (02.08.2021-06.08.2021)

Pollen foraging duration (Sec/flower)

A.d A.c A.m A.fA.d A.c A.m A.f

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 91.50 d 101.05 cd 89.50 d - 112.05 c 109.75 b 110.50 c -

0700-0800 110.50 c 122.75 c 119.00 c - 136.00 b 133.75 ab 140.80 a -

0800-0900 131.30 b 147.65 b 147.50 b 146.30 c 153.30 a 152.55 a 158.10 a 130.55 b

0900-1000 164.50 a 177.55 a 175.30 a 208.30 a 115.25 c 138.55 a 129.55 b 196.75 a

1000-1100 119.00 c 131.05 bc 121.00 c 170.25 b 94.25 d 96.75 bc 88.05 d 180.25 a

1100-1200 82.00 d 93.75 d 81.25 d 126.00 d - 88.75 c 81.00 d 129.25 b

Mean 116.47 128.97 122.26 162.71 122.37 120.02 118.00 159.20

F test * * * * * * * *

S.Em± 4.78 5.27 8.64 10.71 4.57 6.92 7.82 6.84

CD @5% 14.40 15.88 26.05 32.29 13.76 20.84 23.58 20.62

CV 8.20 8.17 14.14 19.75 8.97 11.52 13.26 12.89

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting flowers
Means followed by the same letter in a column do not differ significantly by DMRT

The mean pollen foraging duration was found to be
maximum in case of A. florea foragers (162.71 sec/
flower), followed by A. cerana (128.97 sec/flower),
A. mellifera (122.26 sec/flower) and lowest of 116.47
sec/flower was recorded in case of A. dorsata pollen
foragers on flowers of Hylocereus undatus (Table 6).

The foraging duration of A. dorsata, A. cerana and
A. mellifera gradually increased from 0600-0700 hrs
(112.05, 109.75 and 110.5 sec/flower, respectively)
and reached a maximum (153.30, 152.55 and 158.10
sec/flower) during 0800-0900 hrs, then declined
(94.25, 88.75 and 81 sec/flower) during 1000-1200
hrs. Similarly, foragers of A. florea spent maximum
foraging duration (196.75) during 0800-0900 hrs and
the lowest (129.25 sec/flower) was recorded during
1100-1200 hrs. The mean pollen foraging duration
was found to be maximum in case of A. florea
foragers (159.2 sec/flower), followed by
A. dorsata (122.37 sec/flower), A. cerana (120.02
sec/flower) and lowest of 118 sec/flower was
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recorded in case of A. mellifera pollen foragers on
the flowers of Hylocereus polyrhizus (Table 6).

Seventh Phase of Flowering

The time spent for collection of pollen from flowers
of two types of dragon fruit by the honey bees varied
significantly during the different hours of the day.
The pollen foraging duration of A. dorsata and A.
cerana was gradually increased from 0600-0700 hrs
(110.5 and 113.5 sec/flower) and reached a maximum
(154 and 154.5 sec/flower) during 0800-0900 hrs,
then declined (85.5 and 88.25 sec/flower) during
1100-1200 hrs. The pollen foraging duration of
A. mellifera gradually increased from 0600-0700 hrs
(99.55 sec/flower) with the maximum pollen foraging
duration (161.2 sec/flower) during 0900-1000 hrs and
then it declined to 76.5 sec/flower during 1100-1200
hrs. The A. florea foragers spent lowest time during
1100-1200 hrs (123.5 sec/flower) and highest time
spent was recorded during 0900-1000 hrs (208.15 sec/

flower). The mean pollen foraging duration was
highest in case of A. florea foragers (158.86 sec/
flower), followed by A. cerana (120.48 sec/flower),
A. mellifera (118.97 sec/flower) and lowest of
117.14 sec/flower was recorded in case of A. dorsata
pollen foragers on flowers of Hylocereus undatus
(Table 7).

The foraging duration of A. dorsata, A. cerana and
A. mellifera gradually increased from 0600-0700 hrs
(111.05, 106.5 and 115.5 sec/flower) and reached a
maximum (154.30, 157.75 and 153.6 sec/flower)
during 0800-0900 hrs, then declined (94.25, 88.75
and 89.75 sec/flower) during 1000-1200 hrs,
respectively. The A. florea foragers had spent lowest
duration during 1100-1200 hrs (123.75 sec/flower)
and highest was recorded during 0900-1000 hrs
(205.75 sec/flower). The mean pollen foraging
duration was highest in case of A. florea foragers

TABLE 7

Foraging duration of Apis species of honey bees on dragon fruit types, Hylocereus undatus and
Hylocereus polyrhizus during 7th phase of flowering (04.09.2021-08.09.2021)

Pollen foraging duration (Sec/flower)

A.d A.c A.m A.fA.d A.c A.m A.f

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 110.50 c 113.50 c 99.55 d - 111.05 c 106.50 c 115.50 b -

0700-0800 130.30 b 136.00 b 113.00 c - 130.00 b 130.75 b 137.80 a -

0800-0900 154.00 a 154.50 a 152.30 b 145.25 b 154.30 a 157.75 a 153.60 a 164.55 b

0900-1000 130.00 b 138.05 b 161.20 a 208.15 a 113.25 c 134.80 b 141.55 a 205.75 a

1000-1100 92.55 d 92.60 d 111.25 c 158.55 b 94.25 d 93.75 d 95.55 c 156.00 b

1100-1200 85.50 e 88.25 d 76.50 e 123.50 c - 88.25 d 89.75 c 123.75 c

Mean 117.14 120.48 118.97 158.86 120.57 118.63 122.29 162.51

F test * * * * * * * *

S.Em± 6.21 5.19 12.93 12.03 5.56 6.78 7.09 11.50

CD @5% 18.71 15.64 38.98 36.25 16.77 20.44 21.36 34.65

CV 10.60 8.61 21.74 22.71 11.08 11.43 11.59 21.22

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting flowers
Means followed by the same letter in a column do not differ significantly by DMRT
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(162.51 sec/flower), followed by A. mellifera (122.29
sec/flower), A. dorsata (120.57 sec/flower) and
lowest of 118.63 sec/flower was recorded in case of
A. cerana pollen foragers on the flowers of Hylocereus
polyrhizus (Table 7).

Eighth Phase of Flowering

The foraging duration of A. dorsata, A. cerana and
A. mellifera gradually increased from 0600-0700 hrs
(110.03, 118.4 and 112.25 sec/flower) and reached a
maximum (153.45, 149.25 and 155.25 sec/flower)
during 0800-0900 hrs, then declined (84.75, 87.35 and
90.5 sec/flower) during 1000-1200 hrs. The A. florea
foragers spent lowest duration during 1100-1200 hrs
(97.25 sec/flower) and highest was recorded during
0900-1000 hrs (192.55 sec/flower). The mean pollen
foraging duration was highest in case of A. florea
foragers (149.61 sec/flower), followed by
A. dorsata (118.73 sec/flower), A. mellifera. (112.25
sec/flower) and lowest of 111.45 sec/flower was
recorded in case of A. cerana pollen foragers on the
flowers of Hylocereus polyrhizus (Table 8).

Irrespective of flowering phases of two types of
dragon fruits, Apis florea foragers spent relatively
longer duration in collection of pollen on both the
types of dragon fruit. This might be due to sticky
nature of pollen which limits the easy collection of
pollen from anthers, whereas the other species viz.,
A. dorsata, A. cerana and A. mellifera spent
comparatively less time in collection of pollen
which might be due to their long and strong
mandibles which facilitates easy and faster collection
of pollen from the anthers.

Nectar Foraging Duration of Floral Visitors on Two
types of Dragon Fruit

Two types of dragon fruit flowers offer unquantifiable
amount of nectar through sepals of unopened floral
buds which attract the floral visitors during the bud
stage and continued to attract after opening of the
floral buds facilitating effective visits on fully opened
flower. There are four species of honey bees such as
Apis dorsata Fab., Apis cerana Fab., Apis mellifera
L. Apis florea from Apidae, two species of ants such

Pollen foraging duration (Sec/flower)

A.d A.c A.m A.f

Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)

0600-0700 110.30 c 118.40 c 112.25 c -

0700-0800 121.20 b 132.55 b 123.10 bc -

0800-0900 153.45 a 149.25 a 155.25 a 142.75 c

0900-1000 123.95 b 122.15 bc 132.65 b 192.55 a

1000-1100 84.75 d 87.35 d 90.50 d 165.90 b

1100-1200 - 59.00 e 59.75 e 97.25 d

Mean 118.73 111.45 112.25 149.61

F test * * * *

S.Em± 8.293 8.750 7.647 5.782

CD @5% 25.00 26.37 23.05 17.42

CV 16.76 15.70 13.62 11.59

Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis
mellifera; A.f : Apis florea

* = Significant; NS= Non-significant; - = Bees not visiting
flowers, Means followed by the same letter in a column do not

differ significantly by DMRT

TABLE 8

Foraging duration of Apis species of honey bees
on dragon fruit type Hylocereus polyrhizus

during 8th phase of flowering
(15.10.2021-19.10.2021)

as Camponotus compressus F., Tapinoma
melanocephalum F. from Formicidae were foraged
the nectar from 0600 -1800 hrs, one species each
from Vespidae, Ropalidia marginata P. (0800-1800
hrs) and Nymphalidae, Tirumala sp. (0700-0800 hrs)
were also collected the nectar in a relatively less
numbers hence the nectar foraging duration was not
documented.

Foraging Pattern of Apis Species of Honey Bees
during their Foraging Period on the Flowers of
Hylocereus undatus

The tracking of unloaded fresh individual Apis
species of honey bees for their movement pattern
between male and female organs of the flower from
their arrival onto the flower upto departed from the
flower at different time interval on Hylocereus
undatus revealed that foragers of A. dorsata collected
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pollens from anther then back onto the surface of
stigma lobes for loading the pollen on to their hind
legs, again moved onto anthers for collection of
pollen and departed from flower during 0600-0700
hrs. However, during 0700-0800 hrs, foragers of
A. dorsata collected pollen from anther, then back
onto the surface of stigma lobes for loading the pollen
on to their hind legs, again moved onto anthers for
collection of pollen, then back onto the surface of
stigma lobes for loading of pollen and departed from
flower. Further, the foragers of A. dorsata landed
onto surface of stigma lobes and moved onto anthers
for collection of pollen, again back onto surface of
stigma lobes in Hylocereus undatus during 0800-1200
hrs of the day (Table 9).

The foragers of Apis cerana first landed on the
anthers for collecting pollen, then back onto surface
of stigma lobes for loading pollen on their hind legs,
again moved onto anthers for collection of pollen and
back onto surface of stigma lobes for loading of pollen
and departed from flower during 0700-0800 hrs of
the day. Further, the foragers of Apis cerana landed
on the surface of stigma lobes and moved onto
anthers for collection of pollen again back to surface
of stigma lobes for loading pollen and departed from
the flowers of Hylocereus undatus during 0800-1200
hrs of the day (Table 9).

The foragers of A. mellifera landed first on anthers
for collection of pollen then back onto surface of
stigma lobes for loading pollen on to their hind legs,
again moved onto anthers for collection of pollen and
departed from flower during 0600-0800 hrs. However,
during 0800-0900 hrs, foragers of A. mellifera
collected pollen from anther then back onto the surface
of stigma lobes for loading pollen on their hind legs,
again moved onto anthers for collection of pollen then
back onto the surface of stigma lobes for loading of
pollen and departed from flower. Further, the foragers
of A. mellifera landed on surface of stigma lobes and
moved onto anthers for collection of pollen, again
back to the surface of stigma lobes for loading pollen
and departed from flower of Hylocereus undatus
during 0900-1200 hrs of the day (Table 9).

The foragers of Apis florea landed first on anthers for
collection of pollen then back onto surface of stigma
lobes for loading pollen on their hind legs and
departed from flower during 0800-0900 hrs. Further,
the foragers of A. florea landed on surface of stigma
lobes and moved onto anthers for collection of pollen,
again back to surface of stigma lobes for loading
pollen and departed from flower of Hylocereus
undatus during 0900-1200 hrs of the day (Table 9).

Foraging Pattern of Apis Species of Honey Bees
during their Foraging Period on the Flowers of
Hylocereus polyrhizus

The tracking of unloaded fresh individual Apis
species of honey bees for their movement pattern
between male and female organs of the flower from
their arrival onto the flower upto departed from the
flower at different time intervals on Hylocereus
polyrhizus revealed that foragers of A. dorsata landed
first onto the anthers for collection of pollen and then
back onto the surface of stigma lobes for loading
pollen on to their hind legs, again they moved onto
the anthers for collection of pollen, then back onto
the surface of stigma lobes for loading of pollen and
departed from the flower during 0600-0700 hrs.
However, during 0700-0800 hrs the foragers of
A. dorsata collected pollen from the anthers and then
back onto the surface of stigma lobes for loading the
pollen on to their hind legs, again moved onto
anthers for collection of pollen and departed from the
flower. Further, the foragers of A. dorsata landed onto
the surface of stigma lobes and moved onto anthers
for collection of pollen, again moved back onto the
surface of stigma lobes for loading pollen and
departed from the flower of Hylocereus polyrhizus
during 0800-1100 hrs of the day (Table 9).

The foragers of A. cerana landed first on the anthers
for collection of pollen and then back onto the surface
of stigma lobes for loading pollen on to their hind
legs, again moved onto anthers for collection of pollen
and departed from the flower during 0600-0700 hrs.
However, during 0700-0800 hrs, the foragers of
A. cerana landed first onto the anthers for collection
of pollen and then back onto the surface of stigma
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TABLE 9

Foraging pattern of Apis species of honey bees on dragon fruit types, Hylocereus undatus (white flesh)
and Hylocereus polyrhizus (pink flesh) during their flowering period

Pollen foraging duration (Sec/flower)

Hylocereus undatus Hylocereus polyrhizus

Dragon fruit &
Apis spp.

Time (hrs)
A.d A.c A.m A.fA.d A.c A.m A.f

0600-0700

0700-0800

0800-0900

0900-1000

1100-1200

1000-1100

- -♂ ♀ ♂ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♂ ♀ ♂ 

-♂ ♀ ♂ ♀ ♂ ♀ ♂ ♂ ♀ ♂ ♀ ♂ ♂ ♀ ♂ ♀ ♂ ♀ ♂ -

♂ ♀ ♂ ♀ ♂ ♀ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♀ ♂ ♀ ♂ ♀ 

♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♂ ♀ ♂ 

♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ 

-♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ ♀ ♂ ♀ 

lobes for loading pollen onto their hind legs, again
moved onto anthers for collection of pollen and then
back onto the surface of stigma lobes for loading
of pollen and departed from the flower. During
0800-0900 hrs, the foragers of A. cerana landed first
on the anthers for collection of pollen then back onto
surface of stigma lobes for loading pollen on their
hind legs and departure from flower. Further, the
foragers of A. cerana landed on surface of stigma lobes
and moved onto anthers for collection of pollen again
back to surface of stigma lobes for loading pollen and
departed from flower of Hylocereus polyrhizus during
0900-1200 hrs (Table 9).

The foragers of Apis mellifera landed first on anthers
for collection of pollen then back onto surface of
stigma lobes for loading pollen on their hind legs,
again moved onto anthers for collection of pollen
and departed from the flower during 0600-0700 hrs.
However, during 0700-0800 hrs, the foragers of

A. mellifera landed on the surface of stigma lobes,
then moved onto the anthers for collection of pollen
and departed from the flower. The foragers of
A. mellifera collected pollen from anther, then went
back onto the surface of stigma lobes for loading the
pollen onto their hind legs and again moved onto
anthers for collection of pollen and departed from
the flower during 0800-0900 hrs. However, during
0900-1000 hrs, the foragers of A. mellifera collected
pollen from anthers then come back onto the surface
of stigma lobes for loading the pollen on their hind
legs, again moved onto anthers for collection of
pollen then back onto the surface of stigma lobes for
loading of pollen and departed from flower. Further,
the foragers of A. mellifera landed on surface of
stigma lobes and moved onto anthers for collection
of pollen, again back to surface of stigma lobes for
loading pollen and then departed from the flower
of Hylocereus polyrhizus during 1000-1200 hrs
(Table 9).
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♀ ♀ ♂ 
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Note : A.d : Apis dorsata; A.c : Apis cerana; A.m : Apis mellifera; A.f : Apis florea
: Female organ (Stigma);      : Male organ (Anther)♀ ♂ 
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The foragers of A. florea landed first on anthers for
collection of pollen then came back onto the surface
of stigma lobes for loading pollen on their hind legs,
again moved onto anthers for collection of pollen and
departed from the flower during 0800-0900 hrs.
However, during 0900-1000 hrs, the foragers of
A. florea collected pollen from the anther then came
back onto the surface of stigma lobes for loading the
pollen on their hind legs and departed from the flower.
Further, the foragers of A. florea landed on surface
of stigma lobes and moved onto anthers for collection
of pollen, again back to surface of stigma lobes
for loading pollen and departed from the flower of
Hylocereus polyrhizus during 1000-1200 (Table 9).

The foraging pattern of honey bees either on the
flowers of H. undatus and H. polyrizhus indicated
that after collection of pollen from the anthers, all
the species of bees moved on to the stigma lobes,
which provides the platform for packing of the
pollen into their corbicula of their hind legs. During
the process of packing, pollen grains adhered to the
lobes of the stigma and it resulted in effective cross
pollination.
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