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Abstract. Nurdiansyah MA, Abduh MY, Permana AD. 2023. Effects of meliponiculture Tetragonula laeviceps on pollinator diversity and
visitation rate and citrus productivity in West Java, Indonesia. Biodiversitas 24: 5757-5763. Citrus reticulata var. Rimau Gerga Lebong
(RGL) is a prominent Indonesian citrus variety, yet its global productivity is facing challenges due to decreasing diversity in pol linators.
This study aimed to bolster the productivity of C. reticulata var. RGL in Bandung by introducing Tetragonula laeviceps Smith 1857
(Hymenoptera: Apidae). Simultaneously, the study explored the influence of pollinator diversity, foraging behavior, and visitation rates
and compared the results with open and wind pollination. Field investigations were conducted to observe the pollination activities of T. laeviceps
and eight wild pollinator species, including Apis cerana Fabricius 1793, Ceratina cognata Smith 1879, Xylocopa confusa Pérez 1901,
Xylocopa latipes Drury 1773, Vespa affinis Linnaeus 1764, Dolichoderus thoracicus Smith 1860, Papilio demoleus Linnaeus 1758, and
Catopsilia pyrantel Linnaeus 1758. T. laeviceps exhibited the highest relative abundance (34.87%) and an average time spent of 72.11
seconds per flower. Visitation rates were highest during noon (10:00 to 13:00) at 0.31 pollinators/hour/flower, influenced by
temperature, relative humidity, and light intensity. The phenological stages of C. reticulata var. RGL spanned 240 days. Fruit set, fruit
weight, and estimated citrus productivity were significantly higher in T. laeviceps and open pollination compared to wind pollination.
This study highlights the suitability of T. laeviceps as an effective pollinator for C. reticulata var. RGL. The findings have implications
for the conservation and management of pollinator populations to ensure sustainable citrus production in the declining global diversity.
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INTRODUCTION

Citrus production is vital to global agriculture,
contributing significantly to the world's agricultural output.
In 2020, global citrus production amounted to 75,458,588
tonnes, albeit with a slight decline of 0.71% (FAO 2021).
However, Indonesia's citrus industry faced a more
substantial setback in 2021, where citrus production
plummeted by 7.42%, marking the most significant decline
in the past five years (Statistics Indonesia 2021). This
decline can be attributed, in part, to the reduction in citrus
orchards spanning from 2014 to 2020, with a net loss of
276,097 ha (FAO 2021). The overarching issue of climate
change casts considerable uncertainty on agricultural
production worldwide, impacting critical factors such as
soil conditions, water availability, temperature patterns,
atmospheric CO; levels, and the prevalence of pests and
plant diseases (Kumar and Raj Gautam 2014; Flaig 2021).
These climatic shifts can disrupt the delicate balance of
agricultural ecosystems, causing ripples across various
crops, including citrus.

Simultaneously, climate change and land use alterations
can exert significant pressure on wild pollinators, including
honeybees. These pollinators depend on nectar and pollen
sources that may become scarce due to changes in floral

composition and abundance (Potts et al. 2017). Honey bee,
such as European (Apis mellifera Linnaeus 1758) in Brazil,
Mexico, and Pakistan (Malerbo-Souza et al. 2004;
Grajales-Conesa et al. 2013; Haq et al. 2016), Red Dwarf
(Apis florea Fabricius 1787) in Pakistan (Mehmood et al.
2015), and Asian (Apis cerana Fabricius 1793,) in India
and Indonesia, play a pivotal role in pollinating citrus
flowers across the globe (Haq et al. 2016; Pradhan and
Devy 2019; Cholis et al. 2020). However, overreliance on a
single pollinator species carries inherent risks.

Increasing evidence suggests that a higher diversity of
wild pollinators in agricultural landscapes positively
correlates with enhanced fruit set percentages. The rate of
fruit set itself is contingent on the frequency of pollinator
visits to plant flowers (Gallagher and Campbell 2020). One
promising approach to bolstering pollinator diversity and
abundance on agricultural lands is the cultivation of colony
bees, selected based on morphological traits, adaptability,
and activity levels.

Many studies conducted in citrus orchards have
underscored the significance of wild stingless bees as the
primary pollinators following honeybees (Grajales-Conesa
et al. 2013; Mehmood et al. 2015; Haq et al. 2016; Azmi et
al. 2019; Pradhan and Devy 2019; Cholis et al. 2020).
Stingless bees substantially augment fruit productivity in
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open and closed agricultural systems (Nunes-Silva et al.
2013; Putra et al. 2014, 2022; Azmi et al. 2017, 2019).
Among these, Tetragonula laeviceps Smith 1857 emerges
as a prominent candidate for domestication in Indonesia
(Buchori et al. 2022). With its diminutive size (less than
0.5 cm) and impressive adaptability in new environments,
T. laeviceps is promising as an effective pollinator for citrus
flowers (Putra et al. 2014; Haq et al. 2016; Efin et al. 2019).

This study applied the meliponiculture of T.
laeviceps in Citrus reticulata var. Rimau Gerga Lebong
orchards, aiming to gauge its adaptability, pollination
activity, and impact on citrus plants. The study investigates
the diversity and relative abundance of citrus-pollinating
insects, utilizing population data to assess their
adaptability. Additionally, the foraging behavior of these
pollinators is scrutinized based on time spent and visitation
rates as activity parameters. The study also delves into the
percentage of fruit set and estimates the impact on citrus
fruit productivity. Introducing T. laeviceps through
meliponiculture is anticipated to demonstrate adaptability
in citrus orchards, while concurrently preserving the
diversity of wild pollinators and enhancing the citrus fruit
set. This research seeks to contribute valuable insights into
sustainable citrus production strategies, aligning with
global efforts to address declining citrus vyields and
pollinator diversity.

MATERIALS AND METHODS

Study site

The study was conducted at Bukit Sandy, Bandung
District, West Java, Indonesia, at coordinates 6°51'32" S
latitude, 107°39'27" E longitude, and an altitude of 1,078
meters above sea level. The study area encompassed a total
of 1.5 hectares with the western section is a residential area
divided by roads, the eastern and northern sections are pine
forests, and the southern section is a horticultural garden.
The citrus variety under investigation was Citrus reticulata
var. Rimau Gerga Lebong, aged 4 years, with an average
height of 3 meters and a canopy width of 2 meters. Data
collection occurred over a year, from September 2021 to
August 2022, with the peak flowering period for citrus
plants occurring between 12 December and 27 December
2021. Local environmental conditions during this period,
including temperature, relative humidity, and light intensity,
were recorded using a Data Logger HOBO U10-003.

Procedures
Experimental design

This study was initiated in September 2021 by
cultivating 15 colonies of T. laeviceps into a citrus orchards
at Mekarsaluyu, Bandung District, West Java, Indonesia.
Each colony had a population ranging from 400 to 600
bees. The colonies were acclimatized for 3 months within
the citrus orchards. To evaluate the activity of T. laeviceps
and other pollinators visiting C. reticulata var. RGL
flowers, two plots, each measuring 20x20 m2 and
containing 20 plants per plot, were designated for
observations. Observations occurred every hour from 07:00
to 17:00 and lasted for 15 minutes. The study aimed to
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assess the impact of T. laeviceps on C. reticulata var. RGL
pollination through 3 distinct treatments: wind pollination,
open pollination, and T. laeviceps pollination, with 4
replicates each. For the wind and T. laeviceps pollination
treatments, insect net covers (2x2x3 m?3) with a mesh size
of 36 mm were employed to prevent wild pollinators from
interacting with the plants. In the case of the T. laeviceps
pollination treatment, a T. laeviceps colony was placed
inside the net at 1 meter above the ground. After the
flowering phase concluded, the insect net covers were
removed to facilitate plant growth and development,
allowing T. laeviceps to forage for pollen and nectar from
other plants.

Diversity, relative abundance, and foraging behaviors of
pollinators on citrus flowers

Wild pollinator insects were collected by sweep net
(mesh size 0.9x0.3 mm) using a dried preservation technique
and subsequently pinned. These specimens were sent to the
Laboratory of Entomology, School of Life Sciences and
Technology, Institut Teknologi Bandung, Indonesia for
taxonomic identification. The foraging behavior of pollinators
was observed through a scan sampling method on the two
designated plots, with observations lasting 15 minutes per
plot every hour from 07:00 to 16:00 (Cholis et al. 2020;
Gallagher and Campbell 2020). The diversity of pollinators
was assessed through percentage relative abundance
calculations by the total number of each pollinator species
per total number of pollinators, multiplied by 100%. The
time spent by each pollinator visiting citrus flowers was
recorded using focal sampling (Putra et al. 2014).

Pollinator visitation rates on citrus flowers

The pollinator visitation rate was documented every
three days during the blooming stages, specifically at three
intervals: 07:00-10:00 (morning), 10:00-13:00 (noon), and
13:00-16:00 (afternoon). Visitations were observed through
a scan sampling method on the designated plots, with
observations lasting 15 minutes per plot every hour. The
pollinator visitation rate was calculated as the number of
pollinators visited flowers divided by the number of flowers
available per observation (Gallagher and Campbell 2020).

Phenological stages, pollination success, and productivity
of citrus

Phenological stages of C. reticulata var. RGL were
monitored, with 30 flowers examined at each stage,
including bud break, petal elongation, pre-bloom, full
bloom, petal fall, fruit set, fruit development, and mature
fruit (Shafgat et al. 2021). The fruit set stage was especially
important because it represented a critical transition from
flower to fruit and was influenced by pollination.
Pollination success was determined by calculating the
percentage of fruit set as the total number divided by the
total number of flowers, multiplied by 100% (Azmi et al.
2019; Gallagher and Campbell 2020). Furthermore, citrus
productivity was estimated based on the number of fruit
sets, fruit count, and average fruit weight, considering a
spacing of 4x4 m2, resulting in 625 plants per hectare and
assuming a single harvest per year. The estimate was
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calculated by multiplying the weight of the fruits per plant
by the number of plants.

Data analysis

All collected data were subjected to tests for normality
and homogeneity of variance, and no data transformation
was deemed necessary. One-way ANOVA and Tukey's
post hoc test were employed to analyze variables such as
time spent, citrus flower count, number of fruit sets, and the
percentage of fruit set. Additionally, correlations between the
number of fruit sets, marketable fruit count, fruit weight,
and estimated citrus productivity were investigated through
ANOVA. Pearson correlation analysis assessed the
correlation between visitation rates, the number of fruit
sets, and the highest percentage of fruit sets (Tschoeke et
al. 2015). Statistical analyses were conducted using IBM
SPSS Statistics (version 25.0: 2018). Finally, principal
component analysis (PCA) was employed to explore
correlations between microclimate conditions (temperature,
relative humidity, and light intensity) and visitation rates,
utilizing Paleontological Statistics (PAST) software.

RESULTS AND DISCUSSION

Microclimate conditions

The study spanned from September 2021 to August
2022, and the recorded microclimate data is illustrated in
Figure 1. Monthly temperature ranged from 19.15-21.72°C
(minimum) to 24.22-27.49°C (maximum), with the highest
precipitation occurring in December 2021, totaling 2,057
mm annually (Figure 1.A). The peak blooming season of
Citrus reticulata var. Rimau Gerga Lebong fell between 12
December and 27 December 2021, coinciding with
observations of pollinator diversity and visitation rates.

During the blooming season, microclimate conditions
(Figure 1.B) exhibited temperatures between 25.36-
29.82°C, relative humidity levels ranging from 57.74-
85.31%, and an average light intensity of 740.33-9,329.33
lux. These temperature conditions align well with the
optimal range of 18-34°C for most stingless bee species,
promoting the growth of T. laeviceps colonies and
encouraging active foraging for pollen, nectar, and resin
(Griiter 2020).

Diversity, relative abundance, and foraging behaviors
of pollinators

Observations identified T. laeviceps and 8 other
pollinator species (Table 1) visiting citrus flowers.
Hymenoptera species, including Tetragonula laeviceps,
Apis cerana, Ceratina cognata Smith 1879, Xylocopa confusa
Pérez 1901, and Xylocopa latipes Drury 1773, approached
flowers from the front and typically landed on the petals. In
contrast, butterfly species such as Papilio demoleus Linnaeus
1758 and Catopsilia pyrantel Linnaeus 1758 approached
flowers from above and landed directly on the stamen.
Wild pollinator insects play crucial roles in agricultural
ecosystems, with higher diversity and relative abundance
generally positively influencing fruit sets, especially wild
bees (Nicodemo et al. 2013; Tschoeke et al. 2015).
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This study identified 9 pollinator species, with stingless
bees T. laeviceps exhibiting the highest relative abundance
of 34.87%. However, previous research has reported
stingless bees ranking second to honey bees for crops like
watermelon, chili, and melon (Koffi et al. 2013; Putra et al.
2014; Tschoeke et al. 2015). Pollinator diversity in C.
reticulata var. RGL orchard is high and close pollinator
species observed for the orchards of C. maxima as many as
(Cholis et al. 2020), 8 to 10 pollinator species for C. limon
(Mehmood et al. 2015; Layek et al. 2020), 7 pollinators
species for C. sinensis (Grajales-Conesa et al. 2013), and
can reach up to 24 pollinator species in C. reticulata in
India (Pradhan and Devy 2019). This suggests that the
agroecosystem factors influence pollinator diversity.

Foraging behaviors of the pollinators varied, with
honeybees primarily foraging for nectar and pollen from
citrus flowers from 08:00-12:00 (Figure 2.A), while
stingless bees, like T. laeviceps, began foraging from
09:00-14:00. The peak visitation rate for A. cerana was at
10:00 with 23 bees. In comparison, for T. laeviceps, it
occurred at 11:00 with 39 bees in the first 30 minutes. T.
laeviceps typically forage for nectar and pollen later than
other insects, between 10:00-13:00, which aligns with
previous observations (Putra et al. 2014; Cholis et al. 2020;
Abduh et al. 2023) and the same as other species
(Nicodemo et al. 2013). This is because the first activity of
stingless bees is looking for resin (Griter 2020) to produce
propolis six times more than the honey bees (Kothai and
Jayanthi 2015; Abduh et al. 2020).

The shortest time spent on citrus flowers is 37.33
seconds, as recorded by D. thoracicus (P-value <0.05), and
the longest is 7211 seconds, as recorded byT.
laeviceps (P-value <0.05). Others spent relatively the same
amount of time (Figure 2.B). Although T. laeviceps takes
more time to pollinate citrus flowers, it exhibited the
highest relative abundance of 34.87%. The time spent by T.
laeviceps in one flower is relatively longer than other
pollinators (Putra et al. 2014). Other studies have reported
that stingless bees spend more time collecting nectar and
pollen than honey bees (Putra et al. 2014; Gallagher and
Campbell 2020; Layek et al. 2021). According to
observations in the field, T. laeviceps is very slow and
preferentially carries pollen.
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Figure 1. Microclimate conditions. A. Minimum, maximum, and
average temperatures + SD and precipitation for September 2021-
August 2022; B. Average temperature, relative humidity, and
light intensity on the days (blooming season) + SD
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Figure 2. Diversity of pollinators. A. Foraging behavior of T.
laeviceps and A. cerana * SD; B. Percentage of relative
abundance and time spent by pollinators + SD

Pollinator visitation rate on citrus flowers

The visitation rate of pollinators shows the number of
flowers a pollinator visits per hour (Figure 3.A). The three
categories of visitation rates showed significant
differences, with the highest average visitation rate
occurring at noon (10:00 to 13:00), reaching 0.31
pollinators/hour/flower (P-value <0.05), and the lowest rate
in the afternoon (13:00 to 16:00) at 0.07 flower/hour (P-
value <0.05). The morning (7:00 to 10:00) exhibited an
average visitation rate of 0.15 flowers/hour (P-value
<0.05). The peak visitation rate at 10:00-13:00 corresponds
to the period when most pollinators are actively foraging,
and citrus blossoms are in full bloom (approximately
09:00-10:00) (Grajales-Conesa et al. 2012; Haq et al. 2016;
Shafgat et al. 2021). Higher volatile organic compound
emissions during full bloom attract more pollinators
(Raguso 2008; Klatt et al. 2013).

The peak visitation rate coincided with the 15" day,
displaying a strong positive correlation with the highest
number of citrus flowers (r = 0.65, P-value = 0.04). After
three days, pollinator visits led to 3,746 fruit sets from 40
plants with 5,376 flowers, resulting in a success rate of
69.68%. The percentage of fruit set during the blooming
season showed no significant variation (P-value >0.05).
The highest percentage of fruit set, 70.31%, occurred on
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the 18" day (Figure 3.B), exhibiting a strong positive
correlation with the average highest visitation rate on the
15" day (r = 0.72, P-value = 0.02). A higher visitation rate
enhances the percentage of fruit set as it increases the
likelihood of fertilization (Nunes-Silva et al. 2013; Putra et
al. 2014; Tschoeke et al. 2015; Gallagher and Campbell
2020; Layek et al. 2020). Using T. laeviceps as a pollinator
yielded a high fruit set in citrus, similar to other plants,
with success rates of 50-70% (Putra et al. 2014, 2022).

Correlations between microclimate conditions with
visitation rate of pollinators

Visitation rates correlated with microclimate conditions
such as temperature, relative humidity, and light intensity.
Visitation rate and temperature exhibited a strong positive
correlation (r = 0.62, P-value = 0.03), while visitation rate
and light intensity also displayed a relatively strong
positive correlation (r = 0.48, P-value = 0.02). In contrast,
visitation rate and relative humidity had a strong negative
correlation (r = -0.63, P-value = 0.03). Principal component
analysis revealed that temperature exerted the most
significant influence on the visitation rate of pollinators

(Figure 4).
Microclimate  conditions, including temperature,
relative humidity, and light intensity, collectively

influenced pollinator visitation rates (Polatto et al. 2014).
Temperature and light intensity correlate positively with
visitation rates (Taha et al. 2016), whereas relative
humidity and visitation rates are negatively correlated
(Taha et al. 2016; Cholis et al. 2020). The temperature
component has the closest distance to the visitation rate, so
the temperature substantially influences pollinators visiting
citrus flowers. Many studies reported that the temperature
influences pollinators visiting flowers as the main
component (Polatto et al. 2014; Taha et al. 2016; Gallagher
and Campbell 2020; Layek et al. 2020; Trianto and
Purwanto 2022). This means that significant fluctuations in
temperature will influence pollinator visitation rates on
citrus flowers.

Table 1. Percentage relative abundance (%) of citrus flower pollinators during the anthesis period

Hymenoptera Lepidoptera

Hour Apidae Vespidae  Formicidae  Papilionidae  Pieridae

T.laeviceps A.cerana C.cognata X.confusa X. latipes V. affinis D.thoracicus P.demoleus C. pyrante
07:00 0 0 0 0 0 0 0 0 0
08:00 0 17.10 12.44 18.65 8.29 7.25 17.62 10.88 7.77
09:00 11.94 17.78 11.67 10.56 6.39 6.94 20.00 8.89 5.83
10:00 31.06 20.32 4.64 9.00 6.10 5.08 14.80 5.37 3.63
11:00 53.17 12.44 2.71 4.98 2.26 3.62 11.76 6.56 2.49
12:00 59.57 12.23 2.66 0 0 5.32 17.02 3.19 0
13:00 100 0 0 0 0 0 0 0 0
14:00 100 0 0 0 0 0 0 0 0
15:00 0 0 0 0 0 0 0 0 0
16:00 0 0 0 0 0 0 0 0 0

Notes: The number of pollinators visiting citrus flowers is 1,947 pollinators
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Phenological stages, pollination success, and citrus
productivity

Many studies have shown that plants will change their
growth and phenology under different agricultural
ecosystems (Campbell et al. 2013; Tschoeke et al. 2015;
Gallagher and Campbell 2020). The phenological stage of
citrus varies according to the species and variety (Shafgat
et al. 2021). Phenological stages of citrus were observed,
with five days required for the stages from bud break to
petal elongation (P-value <0.05) (Figure 5). Subsequently,
two days were needed to transition to the pre-bloom stage
(P-value <0.05). The stages from pre-bloom to full bloom
took two days (P-value < 0.05). Three days after full
bloom, fruit set occurred (P-value <0.05), with mature
fruits ready for harvesting after 227 days (P-value <0.05).
Citrus reticulata var. RGL began flowering in December,
similar to C. reticulata var. Blanco typically flowers

Table 2. Effects of pollination method on fruit set of citrus plant
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between December and January (Jhade et al. 2018; Shafgat
et al. 2021). The period from bud break to full bloom
spanned 10 days, similar to other citrus varieties, which
require around 10-15 days (Reykande et al. 2013). Fruits
from C. reticulata var. RGL matured after 240 days,
comparable to C. reticulata var. Blanco matures after 240-
260 days (Jhade et al. 2018), and other varieties take 260-
275 days (Reykande et al. 2013).

The number of flowers among the three treatments did
not significantly differ (P >0.05) (Table 2). However, the
number of fruit sets was lower for wind pollination
compared to open pollination and T. laeviceps (P-value
<0.05). Calculated pollination success indicated that open
pollination and T. laeviceps exhibited the highest rates (P-
value >0.05), while wind pollination yielded the lowest (P-
value <0.05). The results confirm that the fruit set is higher
in the open than in wind pollination (Putra et al. 2014;
Azmi et al. 2017, 2019). T. laeviceps as a pollinator
resulted in a fruit set equal to open pollination, while wind
pollination produced a lower fruit set. This suggests that T.
laeviceps could replace wild pollinators with similar fruit
set if the wild pollinator population declines, as previous
studies have shown a 30-40% reduction in fruit set when
wild pollinators are absent (Siregar et al. 2016; Layek et al.
2021) and the mature fruits decreased by 30-40% (Jhade et
al. 2018; Shafqat et al. 2021). This happens because many
factors influence the natural phenomenon of all fruit plants.

The development of the number of fruits set each month
was observed until they became harvested fruit (Figure
6.A). The number of fruit sets that became the fruits of all
treatments has a robust positive correlation (r = 0.48, P-
value = 0.03). The number of fruits by wind pollination is
lowest compared to open pollination and T. laeviceps (P-
value >0.05) (Figure 6.B). The fruit weight of citrus from
wind pollination is the lowest compared to other treatments
(P-value >0.05) (Figure 6.C). This difference makes the
estimated productivity of wind pollination produce as the
lowest (P-value >0.05). This study shows that resulting
fruit weight and estimated productivity have a strong
positive correlation (r = 0.76, P-value = 0.02). Following
many previous studies, open pollination andT.
laeviceps produced the highest citrus fruit weights than
wind pollination (Nicodemo et al. 2013; Silva et al. 2013;
Azmi et al. 2019; Hall et al. 2020). Furthermore, the
estimated productivity of open pollination was 4.28
tons/halyear, while T. laeviceps pollination resulted in 4.17
tons/ha/year, and wind pollination yielded 2.82 tons/ha.
The average productivity of C. reticulata var. RGL, after
five years, is expected to reach 5 tons/ha/year (Indonesian
Citrus and Subtropical Fruits Research Institute 2019).

Number of fruit set per plant Fruit set (%)

Treatment Number of flowers per plant
Wind pollination 156.25 + 2.41a
Open pollination 154.75+ 3.10a
T. laeviceps 15350+ 3.11a

80.25 £ 0.96b 51.38 +1.08b
11175+ 1.71a 72.22+£0.57a
110.50 + 2.35a 71.99 £ 0.51a

Notes: Data are means + SD. Different letters within a column indicate treatment differences at P < 0.05 (N = 4)
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Figure 6. Fruit set and estimated productivity of citrus. A. The citrus fruit drop pattern; B. Comparison of fruit set with fruit; C. The
fruit weight and estimated productivity of citrus with open, wind, and T. laeviceps treatments. Different letters within a column indicate

treatment differences at P <0.05 (N = 4)

Meliponiculture T. laeviceps, as pollinators for citrus
plants, has demonstrated a high level of adaptation and has
become the most abundant pollinator species. Importantly,
this cultivation of T. laeviceps did not negatively impact
the diversity of wild pollinators. The study identified that
the peak visitation rate of pollinators to citrus flowers
occurred between 10:00 and 13:00, and this visitation rate
was influenced by microclimate conditions such as
temperature, relative humidity, and light intensity. The
phenological stages of Citrus reticulata var. Rimau Gerga
Lebong from bud break to mature fruit took approximately
240 days. Fruit set, fruit weight, and estimated productivity
of citrus were higher in T. laeviceps and open pollination
than in wind pollination. This study suggests that T.
laeviceps can be successfully cultivated and employed as
an effective pollinator for citrus plants, contributing to
increased fruit set and overall productivity in citrus

orchards. This research provides valuable insights into
sustainable pollination strategies for citrus cultivation,
particularly in regions facing declining pollinator
populations by employing the meliponiculture stingless bee.

ACKNOWLEDGEMENTS

This study was supported by the Research, Community
Service, and Innovation (PPMI), School of Life Sciences
and Technology, Institut Teknologi Bandung under Grant
016/IT1.CII/SK-TA/2022. The authors would like to thank
Hasan Widjaja for providing access to the citrus orchards at
Mekarsaluyu. The authors also would like to thank Suyitno,
Simon Duve, and Sri Supriadi for their assistance and
support during this study.



NURDIANSY AH et al. — Meliponiculture Tetragonula laeviceps on citrus orchards

REFERENCES

Abduh MY, Adam A, Fadhlullah M, Putra RE, Manurung R. 2020.
Production of propolis and honey from Tetragonula laeviceps
cultivated in modular Tetragonula hives. Heliyon 6: e05405. DOI:
10.1016/j.heliyon.2020.e05405.

Abduh MY, Ramdhani F, Setiawan A, Rifgialdi G, Rahmawati A,
Zainudin IM. 2023. Determination of productivity, yield and
bioactivity of propolis extract produced by Tetragonula spp.
Cultivated in modular Tetragonula hives. Heliyon 9: e17304. DOI:
10.1016/j.heliyon.2023.e17304.

Azmi WA, Samsuri N, Hatta MFM, Ghazi R, Seng CT. 2017. Effects of
stingless bee (Heterotrigona itama) pollination on greenhouse
cucumber (Cucumis sativus). Malays Appl Biol 46: 51-55.

Azmi WA, Wan Sembok WZ, Yusuf N, Hatta MFM, Salleh AF, Hamzah
MAH, Ramli SN. 2019. Effects of pollination by the Indo-Malaya
stingless bee (Hymenoptera: Apidae) on the quality of greenhouse-
produced rockmelon. J Econ Entomol 112 (1): 20-24. DOLl:
10.1093/jee/toy290.

Buchori D, Rizali A, Priawandiputra W, et al. 2022. Beekeeping and
managed bee diversity in Indonesia: Perspective and preference of
beekeepers. Diversity 14 (52): 1-14. DOI: 10.3390/d14010052.

Potts SG, Ngo HT, Biesmeijer JC, et al. 2017. The Assessment Report of
the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services on Pollinators, Pollination, and Food Production.
Secretariat of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services, Bonn.

Campbell LG, Luo J, Mercer KL. 2013. Effect of water availability and
genetic diversity on flowering phenology, synchrony and reproductive
investment in summer squash. J Agric Sci 151: 775-786. DOI:
10.1017/S0021859612000731.

Cholis MN, Atmowidi T, Kahono S. 2020. The diversity and abundance
of visitor insects on pummelo (Citrus maxima (burm) Merr) cv .
nambangan. J Entomol Zool Stud 8 (4): 344-351.

Efin A, Atmowidi T, Prawasti TS. 2019. Short communication:
Morphological characteristics and morphometric of stingless bee
(Apidae: Hymenoptera) from Banten Province, Indonesia.
Biodiversitas 20 (6): 1693-1698. DOI: 10.13057/biodiv/d200627.

Food and Agriculture Organization (FAO). 2021. Crops and livestock
products. https://www.fao.org/faostat/en/#data/QCL/visualize

Flaig H. 2021. Effects of climate change on agriculture in Baden-Wurttemberg.
WasserWirtschaft 111 (6): 29-32. DOI: 10.1007/s35147-021-0849-9.

Gallagher MK, Campbell DR. 2020. Pollinator visitation rate and
effectiveness vary with flowering phenology. Am J Bot 107 (3): 445-
455. DOI: 10.1002/ajb2.1439.

Grajales-Conesa J, Ramirez VM, Cruz-Lépez L, Guillén DS. 2012. Effect
of Citrus floral extracts on the foraging behavior of the stingless bee
Scaptotrigona pectoralis (Dalla Torre). Rev Bras Entomol 56 (1): 76-
80. DOI: 10.1590/S0085-56262012000100012.

Grajales-Conesa J, Meléndez Ramirez V, Cruz Lépez L, Sanchez D. 2013.
Native bees in blooming orange (Citrus sinensis) and lemon (C. limon)
orchards in Yucatan, México. Acta Zoolégica Mex 29 (2): 437-440.

Griter C. 2020. Stingless Bees: The Behaviour, Ecology and Evolution.
Springer, United Kingdom.DOI: 10.1007/978-3-030-60090-7.

Hall MA, Jones J, Rocchetti M, Wright D, Rader R. 2020. Bee visitation
and fruit quality in berries under protected cropping vary along the
length of polytunnels. J Econ Entomol 113 (3): 1337-1346. DOI:
10.1093/jee/toaa037.

Hag A, Shehza A, llyas M, Mastoi MI, Bhatti AR, Inayatullah M. 2016.
Diversity and relative abundance of citrus pollinators in District
Haripur, Pakistan. Pak J Agric 29 (3): 244-249.

Indonesian Citrus and Subtropical Fruits Research Institute. 2019. Petani
muda, penggerak utama agribisnis keprok RGL.
http://balitjestro.litbang.pertanian.go.id/petani-muda-penggerak-
utama-agribisnis-keprok-rgl. [Indonesian]

Jhade RK, Huchche A, Dwivedi SK. 2018. Phenology of flowering in
citrus: Nagpur mandarin (Citrus reticulata Blanco) perspective. Intl J
Chem Stud 6 (2): 1511-1517.

Klatt BK, Burmeister C, Westphal C, Tscharntke T, von Fragstein M.
2013. Flower volatiles, crop varieties and bee responses. PLoS One 8
(8): €72724. DOI: 10.1371/journal.pone.0072724.

Koffi A, Beket Séverin B, Guillaume KK, Bertin YK, Clemence KL,
Sylvere YK, Yao D. 2013. Effect of pollen load, source and mixture
on reproduction success of four cultivars of Citrullus lanatus (Thunb.)

5763

Matsumara and Nakai (Cucurbitaceae). Sci Hortic 164: 521-531.
DOI: 10.1016/j.scienta.2013.10.007.

Kothai S, Jayanthi B. 2015 A study on propolis of stingless bees reared
from the most commercial hub of Chennai, Tamilnadu, India. Intl Res
J Environ Sci 4 (7): 39-47.

Kumar R, Raj Gautam H. 2014. Climate change and its impact on
agricultural productivity in India. J Climatol Weather Forecast 2 (1):
1-4. DOI: 10.4172/2332-2594.1000109.

Layek U, Kundu A, Bisui S, Karmakar P. 2021. Impact of managed
stingless bee and western honey bee colonies on native pollinators
and yield of watermelon: A comparative study. Ann Agric Sci 66: 38-
45.DOI: 10.1016/j.a0as.2021.02.004.

Layek U, Kundu A, Karmakar P. 2020. Floral ecology, floral visitors and
breeding system of Gandharaj lemon (Citrus x limon L. Osbeck). Bot
Pacifica 9 (2): 1-7. DOI: 10.17581/bp.2020.09208.

Malerbo-Souza DT, Nogueira-Couto RH, Couto LA. 2004. Honey bee
attractants and pollination in sweet orange, Citrus sinensis (L.)
Osbeck, var. Pera-Rio. J Venom Anim Toxins Trop Dis 10: 144-153.
DOI: 10.1590/S1678-91992004000200004.

Mehmood K, Hussain S, Mustafa N, Bodlah |, Ahmad M. 2015. Insect
pollintors visiting citrus (Citrus limon) and avocardo (Persea
americana) fruit trees. Asian J Agric Biol 3 (1): 23-27.

Nicodemo D, Malheiros EB, Jong D De, Couto RHN. 2013. Enhanced
production of parthenocarpic cucumbers pollinated with stingless
bees and Africanized honey bees in greenhouses. Semin Agrar 34 (6):
3625-3634. DOI: 10.5433/1679-0359.2013v34n6Supl1p3625.

Nunes-Silva P, Hnrcir M, Shipp L, Imparatriz-Fonseca VL, Kevan PG.
2013. The bombus (apidae, bombini) behaviour of impatiens on
(Lycopersicon Mill., Solanaceae) flowers: Pollination and reward
perception. J Pollination Ecol 1 (5): 33-40.

Polatto LP, Chaud-Netto J, Alves-Junior VV. 2014. Influence of abiotic
factors and floral resource availability on daily foraging activity of
bees: Influence of abiotic and biotic factors on bees. J Insect Behav
27:593-612. DOI: 10.1007/510905-014-9452-6.

Pradhan U, Devy MS. 2019. Pollinators of sikkim mandarin orange Citrus
reticulata (Sapindales: Rutaceae). J Threat Taxa 11 (5): 13625-13628.
DOI: 10.11609/J0TT.4528.11.5.13625-13628.

Putra RE, Permana AD, Kinasih I. 2014. Application of Asiatic honey
bees (Apis cerana) and stingless bees (Trigona laeviceps) as
pollinator agents of hot pepper (Capsicum annuum L.) at local
Indonesia farm system. Psyche: J Entomol 2014: 1-5. DOI:
10.1155/2014/687979.

Putra RE, Sulistia WN, Kinasih I, Raffiudin R, Purnobasuki H, Fajrina N,
Juansa A. 2022. Agriculture and stingless bees (Tetragonula laeviceps
Smith) as pollinating agents. Agric Natur Resour 56: 409-416. DOI:
10.34044/j.anres.2022.56.2.18.

Raguso RA. 2008. Wake up and smell the roses: The ecology and
evolution of floral scent. Ann Rev Ecol Evol Syst 39: 549-569. DOI:
10.1146/annurev.ecolsys.38.091206.095601.

Reykande JM, Amiri NA, Shahabian M. 2013. Analyzing phenological
stages of three citrus varieties at foothills, plain and shoreline areas of
Sari in North of Iran. Intl J Agric Crop Sci 6 (8): 452-457.

Shafgat WA, Nagvi S, Magbool R, Haider MS, Jaskani MJ, Khan IA.
2021. Climate change and citrus. Citrus Res Dev Biotechnol 147: 1-
22. DOI: 10.5772/intechopen.95488.

Silva MDE, Ramalho M, Monteiro D. 2013. Diversity and habitat use by
stingless bees (Apidae) in the Brazilian Atlantic Forest. Apidologie
44:699-707. DOI: 10.1007/s13592-013-0218-5.

Siregar EH, Atmowidi T, Kahono S. 2016. Diversity and abundance of
insect pollinators in different agricultural lands in Jambi, Sumatera.
HAYATI J Biosci 23: 13-17. DOI: 10.1016/j.hjb.2015.11.002.

Statistics ~ Indonesia.  2021.  Production  of  Fruits  2021.
https://www.bps.go.id/indicator/55/62/1/produksi-tanaman-buah-
buahan.html. [Indonesian]

Taha EKA, Al-Abdulsalam M, Al-Kahtani S. 2016. Insect pollinators and
foraging behavior of honey bees on alfalfa (Medicago sativa L.) in
Saudi Arabia. J Kansas Entomol Soc 89 (1): 92-99. DOI:
10.2317/150402.1.

Trianto M, Purwanto H. 2022. Diversity, abundance, and distribution
patterns of stingless bees (Hymenoptera: Meliponini) in Yogyakarta,
Indonesia. Biodiversitas 23 (2): 695-702. DOI: 10.13057/biodiv/d230214.

Tschoeke PH, Oliveira EE, Dalcin MS, Silveira-Tschoeke MCAC, Santos
GR. 2015. Diversity and flower-visiting rates of bee species as
potential pollinators of melon (Cucumis melo L.) in the Brazilian
Cerrado. Sci Hortic 186: 207-216. DOI: 10.1016/j.scienta.2015.02.027.s.



