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ABSTRACT: An experiment was conducted to investigate the pollination potential and effectiveness of
the stingless bee (Tetragonula iridipennis Smith.) on pumpkin. The abundance and diversity of foragers
in male and female pumpkin flowers were assessed by measuring the number of foragers per flower per
minute. The pumpkin fruit set and yield were evaluated under three different conditions: open pollination,
bee pollination, and pollination exclusion. The foraging rate of bees was higher in male pumpkin flowers
(0.22 bees/flower/min) than in female flowers (0.14 bees/flower/min) on the 45th day of flowering. Foraging
time was longer on male flowers (40.66 seconds) than on female flowers (35.33 seconds). In terms of yield,
the bee-pollinated pumpkin field achieved an average of 3.15 fruits per plant, compared to 3.12 fruits in
open-pollinated plots. The bee-pollinated field also produced heavier fruits, with an average fruit weight
of 3.45 kg (4.12% increase over open pollination). The total yield in the bee-pollinated plot was 36.1 t ha-1,
compared to 34.6 tons in the open-pollination plot. Colony monitoring showed a 1.93 per cent weight gain,
from 897 to 924g. Foraging activity at the hive entrance was maximum during the morning hours (07 00–09
00), with on average 10.58 outgoing bees and 8.19 bees at peak nectar forager activity. In contrast, the
pollination exclusion condition failed to produce any fruit, emphasizing the positive impact of T. iridipennis
on pumpkin pollination and yield, particularly during peak flowering periods.
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INTRODUCTION

Pumpkin (Cucurbita moschata Duch. ex Poir.) is
an economically and nutritionally significant
vegetable cultivated worldwide. It is a rich source
of essential nutrients, particularly vitamin A,
minerals, and antioxidants, while its seeds contain
high levels of protein (40.27%), crude fibre
(34.59%), and ash content (44.5%) (Rana, 2014).
Archaeological evidence suggests that pumpkins

originated in Mexico and Peru, later spreading to
India through South American traders. In India,
pumpkins are widely consumed as fresh vegetables,
processed products, and livestock feed (Thamburaj
and Narendrasingh, 2001). Pollination is crucial for
the fruit set and seed development in cucurbits,
which largely depend on insect pollinators for
successful reproduction (Roubik, 1995). Among
pollinators, honey bees (Apis spp.), stingless bees
(Meliponini), and bumble bees (Bombus spp.) play
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a vital role in enhancing crop productivity (Free,
1993; Chauhan et al., 2013). Honey bees contribute
to approximately 80% of crop pollination, improving
yield and quality across various horticultural crops.
In tropical regions, stingless bees serve as key
pollinators for native flora and cultivated crops
(Roubik and Roubik, 1992). Studies highlight their
efficiency in pollinating economically valuable crops
such as coconut, cotton, mango, strawberries,
tomatoes, and sweet peppers (Rindfleisch, 1980;
Maeta et al., 1992; Roubik and Roubik 1992;
Kakutani et al., 1993; Heard, 1999; Malagodi-Braga
and Kleinert, 2004). These bees exhibit flower
constancy, ensuring effective pollen transfer and
their stingless nature makes them suitable for
pollination in managed environments like
greenhouses (Robinson and Decker-Walters, 1999;
Slaa, 2006).

Despite the well-established role of pollinators in
improving agricultural yields, studies specifically
evaluating Tetragonula iridipennis in pumpkin
pollination under open-field conditions remain
limited. Most research has primarily focused on
Apis cerana and Apis dorsata , leaving a
knowledge gap regarding the effectiveness of
stingless bees in pumpkin cultivation. Furthermore,
comparative studies on open pollination, bee
pollination, and pollinator exclusion in pumpkin fields
are scarce. A recent study revealed that Apis
cerana exhibited the highest foraging rate and
pollination efficiency, leading to significant increases
in fruit set (77.5%), fruit weight (1.71 kg), and seed
count (162), whereas open-pollinated plots had a
higher percentage of crooked fruits (Longkumer
et al., 2024). This study aims to assess foraging
behaviour, and their impact on fruit set and yield
under natural field conditions; and to assess the
effectiveness of different pollination methods for
enhancing pumpkin productivity.

MATERIALS   AND   METHODS

Evaluation of colony growth parameters: In the
pumpkin field at Pollachi, two stingless bees were
introduced at the beginning of the flowering stage.
Colony growth was evaluated by calculating the
initial and final weight of the shifted colony at 15-
day intervals. This measurement provides insights

into the changes in the colony’s weight and potential
growth over time.

Foraging activity at the hive entrance: The
foraging activity of T. iridipennis at the hive
entrance was assessed by counting the number of
returning foragers carrying nectar and pollen, as
well as the number of outgoing bees, during specific
time intervals throughout the day. The observations
were conducted for a period of 5 minutes each at
the following time slots: 8:00am to 10:00am; 12:00pm
to 1:00pm and 4:00pm to 6:00pm. During these time
intervals, the number of returning foragers carrying
nectar and pollen was recorded. Additionally, the
number of outgoing bees from the hive was also
counted.

Field experiments: Two field experiments were
conducted to evaluate the pollination potential of
managed bee pollinators in enhancing the pumpkin
yield. It was carried out in a farmer’s field in Pollachi
(10.757ÚN; 76.967ÚE) ensuring that the pumpkin
field was located 2 km away from an open-
pollination field to avoid interference. The
experimental design followed a randomized block
structure with three treatments and seven
replications for each treatment, with each plot
measuring 4m × 10m. The experiments aimed to
assess the impact of pollination by managed bee
pollinators (stingless bee colonies) compared to
pollinator exclusion and open pollination on the yield
of pumpkins.

Pollinator exclusion: In this treatment, female flower
buds were covered with sleeve net cages before
blooming to prevent pollinators from accessing the
flowers. Two flowers from five selected plants per
replication (70 flowers in total) were covered with
cages. After one week of flowering, the cages were
removed, and the flowers were tagged for further
assessment of fruit set under the caged condition.
The crop was grown in an open field without
protected conditions, and this treatment ensured that
no pollinators, including T. iridipennis, contributed
to the fruit set, allowing a controlled evaluation of
pollination dependency.

Bee pollination: This treatment involved the
introduction of managed stingless bee colonies into
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the pumpkin fields. Two stingless bee colonies were
placed in the field during February 2023. The
colonies were introduced when the crop was at
(approximately 10%) flowering stage.

Open pollination: This treatment served as a control
where the natural process of open pollination by
various pollinators was allowed. Observations were
recorded on the different pollinators that visited the
flowers, and various yield parameters were also
recorded.

Number of fruits per plant, weight of each fruit
and total yield were recorded in different pollination
treatments. The harvested yield in different
treatments was scaled up based on the area
covered by the plants. ANOVA was used to
analyse the data, and AGRES Software are used
to carry out all additional calculations.

RESULTS    AND   DISCUSSION

Abundance of managed bee pollinator
T. iridipennis in pumpkin flowers:

The study revealed that T. iridipennis exhibited
higher activity in pumpkin male flowers compared
to female flowers. The average number of bees
visiting male flowers was recorded at 0.13 bees
per flower per minute, while it was slightly lower
for female flowers (0.09). Peak bee activity was
observed on the 45th day of the flowering period,
with an average of 0.22 bees in male flowers and
in female flowers it was 0.14 bees per flower per
minute. The lowest bee activity was recorded on

the 15th day, with 0.07 bees in male flowers and in
female flowers It was 0.04 bees per flower per
minute (Table 1)

Regarding foraging behaviour, T. iridipennis spent
more time collecting rewards from male flowers,
with an average of 32.06, compared to 28.92
seconds per female flower. The longest foraging
time was recorded on the 45th day, where bees
spent 40.66 seconds on male flowers and 35.33
seconds on female flowers (Table 2).

Colony growth parameter of T. iridipennis:

Growth of the two T. iridipennis colonies
introduced into the pumpkin field was monitored,
and the colonies showed a slight increase in weight
during the study period. The initial weight of the
colonies before placement in the field was 897g,
which increased to an average of 908g on 15th day
(0.78% increase in weight), 915g on 30th day
(1.28% increase) and on 45th day 924g with a weight
gain of 1.93 per cent, indicating that the colonies
experienced growth during their time in the field.

Foraging activity of T. iridipennis at the hive
entrance:

The foraging activity of T. iridipennis was
monitored at the hive entrance at various intervals
throughout the day. On average, the number of
outgoing bees was higher, with a mean of 10.58
bees, and the peak outgoing activity occurred
between 07:00 and 09:00 hours. Incoming nectar
foragers were more abundant, averaging 6.68 bees,

Table 1. Abundance of T. iridipennis in pumpkin flowers. Location: Pollachi, Coimbatore district on 2023

No. of foragers/flower/min ± S. D

15th day 30th day 45th day 60th day 75th day Mean

Male flower 0.07 (0.75) 0.12 (0.78) 0.22 (0.84) 0.16 (0.81) 0.11 (0.78) 0.13(0.79) a

Female flower 0.04 (0.73) 0.09 (0.76) 0.14 (0.80) 0.11 (0.78) 0.08(0.75)    0.09(0.76) b

Mean* 0.055 (0.74) C 0.10 (0.77) B 0.18 (0.82) A 0.13(0.79) A 0.09 (0.76)B

C.D @ 0.05 Treatment A S 0.01
Treatment B S 0.01
Treatment A*B S 0.03

Note: *Mean of 10 plant observation; figures in parentheses are square root (X+0.5) transformed values. In a column, the
means followed by a common lower-case alphabet and in a row, the means followed by a common upper-case alphabet are
significantly different at p=0.05 by LSD.

Pollination efficiency of T. iridipennis in pumpkin
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Table 2. Foraging activity of T. iridipennis in pumpkin flowers. Location: Pollachi, Coimbatore district on 2023

Time spent by a forager/flower/min in seconds± S. D

15th day 30th day 45th day 60th day 75th day Mean

Male flower 26.33 (5.1) 30.33 (5.5) 40.66 (6.4) 34.66 (5.9) 28.33 (5.3) 32.06 (5.6) a

Female flower 24.33 (4.9) 28.66 (5.4) 35.33 (5.9) 30.66 (5.5) 25.66 (5.0) 28.92 (5.4) b

Mean* 25.33 (5.1) E 29.49 (5.4) C 37.99 (6.2) A 32.66 (5.7) B 26.99 (5.2) D

Note: *Mean of 10 plant observations; figures in parentheses are square root (X+0.5) transformed values. In a column, the
means followed by a common lower-case alphabet and in a row, the means followed by a common upper-case alphabet are
significantly different at p=0.05 by LSD

compared to pollen foragers, who averaged 5.43
bees. The highest incoming nectar forager activity
was also recorded between 07 00 and 09 00 hours,
with an average of 8.19 foragers, followed by 15
00 to 17 00 hours, which saw an average of 7.74
nectar foragers (Table 5). These findings suggest
that T. iridipennis exhibits higher foraging activity
in the morning, particularly for nectar collection,
with a second peak in the late afternoon.

Effect of T. iridipennis on pollination and yield
of pumpkin:

In the field, where two colonies of stingless bees
were introduced, the fruit set was recorded at an
average of 3.15 fruits per plant, slightly higher than
the 3.12 fruits per plant in the open pollination plot.
Moreover, the bee-pollinated plot produced heavier
fruits, averaging 3.45kg per fruit, compared to
3.37kg fruit in the open pollination plot, representing
a 4.12 per cent increase in fruit weight. The yield
in the bee-pollinated plot was 36.1 t ha-1, compared
to 34.6 t ha-1 in the open pollination plot (Table 3).

No fruit set was observed in the pollinator exclusion
treatment, where flowers were sleeve-caged to
prevent pollination, confirming the importance of
bee pollination in ensuring fruit set and yield. The
effect of pollination modes on pumpkin yield was
determined through statistical analysis, not just
observed data. The results demonstrate that T.
iridipennis positively influenced both the quantity
and quality of pumpkin production compared to open
pollination.

Introducing T. iridipennis as a managed pollinator
in pumpkin fields led to modest improvements in
pumpkin yield and colony growth. The fluctuation

in bee activity throughout the flowering period can
be attributed to variations in flower availability, as
noted in earlier studies (Yogapriya et al., 2019).
Similar patterns of abundance were reported by
Subhakar et al. (2011), where T. iridipennis was
the most abundant flower visitor in bitter gourd
fields. These findings confirm the significance of
T. iridipennis as an active pollinator, particularly
during peak flowering periods.

The effect of T. iridipennis on pumpkin pollination
and yield was positive but less pronounced
compared to other crops. Managed bee pollination
resulted in a slight increase in the number of fruits
per plant, fruit weight, and overall yield when
compared to open-pollinated plots. Specifically, the
fruit weight increased (4.12%), and the yield was
higher in bee-pollinated plots, indicating that T.
iridipennis contributed to enhanced productivity.
However, studies on other crops such as
watermelon and ash gourd have shown greater
benefits. Layek et al. (2021) reported a 14 per cent
increase in watermelon fruit set, with significant
improvements in fruit length and yield after the
introduction of T. iridipennis. Chauhan and Singh,
(2021) noted a 27.96 per cent increase in fruit set
in ash gourd with T. iridipennis pollination. While
the present study shows that T. iridipennis benefits
pumpkin crops, its impact may be more limited than
in other cucurbits due to differences in flower
structure and pollination requirements. The large,
deep, campanulate structure of pumpkin flowers
and their high pollen demands limit the foraging
efficiency of T. iridipennis, as their smaller body
size and short proboscis reduce effective pollen
transfer, resulting in lower pollination efficiency
compared to larger pollinators. The slight increase
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in colony weight of T. iridipennis from 897 to 924
g while foraging on pumpkin flowers suggests that
these flowers provide some resources, but they may
not be as rich or suitable as those found in other
crops, such as mangoes. Walters and Taylor (2006)
reported that honey bee pollination significantly
enhances fruit size and yield in cucurbits, with honey
bees being crucial for maximizing fruit set and seed
development. In contrast, studies have shown that
different floral resources can lead to varying
foraging efficiencies among bee species. For
instance, the presence of honey bee hives in
pumpkin fields increased their visitation rates, but
this did not translate to a proportional increase in
native bee visits, indicating a complex interaction
between floral resource availability and bee foraging
behaviour (Artz et al., 2011). Therefore, while
pumpkin flowers do support T. iridipennis, the
more substantial weight gain observed in mango
orchards may reflect a higher quality or quantity of
available resources (Saffari et al., 2010).

Finally, foraging activity at the hive entrance
revealed a peak in outgoing, nectar, and pollen
foragers during the morning hours between 07 00

and 09 00 am, which coincides with pumpkin’s peak
flowering and anthesis period. This synchronization
of foraging activity with floral resources maximizes
pollination efficiency, as noted in earlier research
(Lintu, 2020). The timing of foraging behaviour
aligns with the availability of floral resources,
ensuring that T. iridipennis can effectively pollinate
crops during peak periods. Studies on cucumber
crops have shown similar patterns of peak foraging
activity, which may vary slightly based on crop type
and flowering behaviour. This synchronization plays
a critical role in enhancing reproductive success
and ensuring efficient resource utilization by
stingless bees.
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