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ABSTRACT

The Environment is one of the factors influencing the development and productivity of the bee colony.
Favourable environment will significantly support bee productivity. The factors which influence the bees
activity include temperature, humidity, light intensity, wind speed, rainfall, and food availability. The
aims of this study are to know the influence of environmental factors on activity and propolis production
of stingless bees. This study used six colonies of Tetragonula laeviceps into two different locations,
monoculture and polyculture nutmeg farm. The method used is a direct observation of the activities
and propolis production of stingless bee and analyzed by t-test. The study results of T. laeviceps in
monoculture and polyculture farms showed that the activity of the bees was influenced by environmental
factors influencing propolis production. The activities would start when the temperatures ranged from
22-23 °C, humidity 70-88%, and light intensity 183-4344 lux. The peak activity of the bees occurred
at the temperatures of 26-28 °C, humidity 55-71%, and light intensity 46.875-91.347 lux. The propolis
produced by T. laeviceps was 27.79 g in the monoculture farm and 48.80 g in the polyculture farm. The
significant difference was predominantly due to the environmental factors.

Keywords: environment, activity, propolis
ABSTRAK

Lingkungan merupakan salah satu faktor yang menentukan perkembangan dan produktivitas koloni
lebah. Lingkungan yang optimal dan kondusif akan mendukung produktivitas lebah. Faktor-faktor
yang berpengaruh terhadap aktivitas lebah adalah temperatur, kelembaban udara, intensitas cahaya
matahari, kecepatan angin, curah hujan dan ketersediaan pakan. Tujuan penelitian ini adalah untuk
mengetahui pengaruh faktor lingkungan terhadap aktivitas dan produksi propolis pada lebah tanpa
sengat. Penelitian menggunakan enam koloni lebah Tetragonula laeviceps yang ditempatkan pada dua
lokasi yang berbeda, yaitu perkebunan pala monokultur dan polikultur. Metode yang digunakan adalah
pengamatan langsung terhadap aktivitas lebah dan produksi propolis dan dianalisis menggunakan uji t.
Hasil pengamatan yang dilakukan pada 7. laviceps di kebun monokultur dan polikultur menunjukkan
bahwa lingkungan mempengaruhi aktivitas keluar-masuk lebah yang mempengaruhi produksi propolis.
Aktivitas lebah dimulai pada saat suhu berkisar antara 22-23 °C, kelembaban 70-88%, dan intensitas
cahaya 183-4344 lux. Jumlah aktivitas lebah yang tertinggi terjadi pada saat suhu mencapai 26-28 °C,
kelembaban 55-71%, dan intensitas cahaya 46.875-91.347 lux. Lingkungan juga mempengaruhi jumlah
propolis yang dihasilkan. Propolis yang dihasilkan adalah 27,79 g pada kebun monokultur dan 48,80 g
pada kebun polikultur. Perbedaan yang signifikan terutama disebabkan oleh faktor lingkungan.

Kata kunci: lingkungan, Trigona, propolis
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INTRODUCTION

Stingless bee is a cold-blooded insect and sensitive to
changes in environmental temperatures (Junior et al. 2010).
Flying activity of this bee is influenced by the condition
of the inside colony and the environment (Hilario et al.
2000). Environmental conditions and colony activity have a
significant relationship. The factors of the environment that
influence the activities of the bees are temperature, relative
humidity, season, and light intensity, rainfall (Asiah et al.
2015; Maia-Silva et al. 2015; Sung et al. 2011).

Previous research for three species of stingless bees
shows that while they were exposed to cold conditions, the
workers will consume syrup, but in the high temperature,
the workers consumed water. The workers also fanning
the nest and regurgitating drops of water on the floor of
the box. Adults bee and pupae has greater mortality at low
temperatures than at high temperatures. The workers will
die while the temperature between 1.7 — 5 °C and total lethal
temperature between -5 — 2 °C, while minimum mortality at
a temperature between 25 — 40 °C. The pupae mortality was
high below 25 °C and more than 33 °C, while the total lethal
temperature between 2 — 5 °C (Macias-Macias ef al. 2011).

Temperature affects the production of propolis
because bees use it to isolate and protect their nest from
environmental factors. Temperature always influences the
amount of propolis collected by worker bees (Gojmerac
1983). Jager (2001) and Gojmerac (1983) stated, that the rise
in temperature made plant resins and wax became soft and
allows bees to process them. On a very hot day, bees began
to work earlier in the morning, but at very low temperatures
in the morning, bees would not collect resin. According to
Krell (1996), propolis collection would be more active at
the beginning of the rainy season, because bees prepared
their nests for the winter. Bees isolated their hive from the
external environment and regulated the temperature inside
it, making it often hard to set up.

Stingless bee produced excellent propolis which was
often used as a natural medicine that is very beneficial for
human health and endurance. Propolis was actually the gum
collected by bees from different shoots of plants, including
from the plants that were broken, where the plant sap was
then mixed with enzymes found in their salivary glands
which was used to protect their hive from the contamination
by bacteria, viruses and fungi (Ghisalberti 1979; Gojmerac
1983; Marcucci 1995; Popova et al. 2005; Chen et al. 2008).

MATERIALS AND METHODS

The material used in this study was six colonies of
Tetragonula laeviceps, which consisted of one queen, a few
drones, and hundreds workers. The six colonies were placed
in two different ecosystems (monoculture and polyculture).
The number of the plants found in the monoculture location
was 437 nutmeg trees (Myristica fragrans Houtt). The types
of crops on the polyculture land comprised 10 nutmeg
trees, 1 lamtoro tree, 1 jengkol tree, 1 lychee tree, 2 mango
trees, 4 rambutan trees, 2 jambu air trees, 3 pineapple trees,
1 passionfruit tree, 2 guava trees, 1 tree, 3 durian trees, 5
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papaya trees, 41 banana trees, 1 mangosteen tree and 3

jackfruit trees.

Each colony consisted of hundreds bees placed on a
sengon wooden stup measuring 25x15x15 cm® and the stup
was written a number on it. Then each stup was weighted
as an empty colony. Next, the colonies from bamboo were
moved into stups by moving the entire egg nests and food
supplies into the stups. After that, the entrances were covered
with the propolis obtained from the old nest entrances. The
stups already containing colonies were weighed to find
out their initial weights before they were placed in the old
places for 3 days so that the colonies would not fly away.
After that, the stups were put on the places that had been
prepared in the study area.

The research was conducted through direct
obsevations to the daily activities of 7. laeviceps. colonies
which were kept in two different farms to produce propolis
repeatedly. The parameters measured in this study were:

a. The colony activities indicated by the number of bees
went in and out to find food by way of counting the
colony activities in and out for 5 minutes beginning
from 6:00 to 17:00 pm every day.

b. The propolis produced by T. laeviceps within a
period of 3 months. The nest harvested was weighed,
and the honey, pollen and propolis were separated.
Each propolis harvest was weighed.

The data obtained from this study were presented
descriptively to show the conditions of the two locations,
while productivity data were presented in tables, charts
and images. The analysis result was followed up by t test
(Walpole 1995) to determine the activity of T. laeviceps at
two different farms with different plant species (monoculture
and polyculture) using a program of Minitab ® 16.1.0.
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Description:

x,= the mean value of the bee population in the
monoculture farm

x,= the mean value of the bee population in the polyculture
farm

s,>= the variance of the bee population in the monoculture
farm

s,’= the variance of the bee population in the polyculture
farm

n, = the number of the observations in the monoculture
farm

n,= the number of the observations in the polyoculture
farm
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RESULTS AND DISCUSSION

Environment and Bees Activities

The influence of environmental factors (temperature,
humidity, and light intensity) on T. laeviceps activities in
the monoculture nutmeg farm can be seen in Table 1 and in
the polyculture farm in Table 2. The results of observations
on the monoculture and polyculture farms showed that the
environment influenced the daily activities of stingless bees
went out and bees into the hives.

The worker bees start the activity at 06:00 at both
locations. T. laeviceps activity in the monoculture farm was
initiated when the temperature was 23.08 °C, humidity 70%,
and light intensity still low at 183 lux. The number of bees
that came out was 4 bees / 5 minutes and the bees that came
in 3 bees / 5 minutes. 7. laeviceps activity in the polyculture
farm began when the lowest temperature reached 22.52 °C,
humidity 88%, and light intensity 4,344 lux. The number
of bees that came out was 6 bees / 5 minutes and went in 5
bees / 5 minutes.

Table 1. Environmental factors and T. laeviceps activities in the
monoculture nutmeg farm

Hour  Activity Temperature Humidity Light
Intensity
Out In (°C) (%) (lux)
6:00 4 3 23.08 70 183
7:00 12 12 22.31 70 723
8:00 25 29 23.84 68 1,963
9:00 30 34 24.25 65 6,919
10:00 42 50 25.71 61 6,071
11:00 60 71 26.63 56 16,634
12:00 54 72 27.27 55 91,347
13:00 51 66 27.11 56 33,062
14:00 42 60 26.84 58 5,679
15:00 30 44 26.03 59 2,558
16:00 22 34 25.24 62 1,521
17:00 11 19 24.23 64 542

Source: Primary data

The bee activities increased with the increase
in environmental temperature and light intensity, while
the humidity decreased. The highest number of bees at
monoculture farm that came out was 60 bees / 5 min
occurring at a temperature of 26.63 with a humidity of 56%,
and a light intensity of 16,634 lux at 11.00. The highest
number of incoming bees (72 bees) occurred when the
temperature reached 27.27 °C, humidity 55%, and light
intensity 91.347 lux at 12.00. The peak activities of stingless
bee at polyculture was at 10.00 when the temperature
reached 28.02 °C, humidity 71%, and light intensity 46,875
lux with the highest number of bees that came out was 34
bees / 5 minutes and the highest number of incoming was 37
bees/5 minutes. The foraging activity will stop before 18:00
at both locations. This result was supported by Nugroho
and Soesilohadi (2015), that temperature and light intensity

Table 2. Environmental factors and T. laeviceps activity in the
polyculture farm

Hour Activity Temperature ~ Humidity Light
Intensity
Out In (°C) (%) (lux)
6:00 6 5 22.52 88 4,344
7:00 18 18 23.69 92 38,738
8:00 31 34 26.09 82 138,563
9:00 32 34 26.95 75 89,897
10:00 34 37 28.02 71 46,875
11:.00 31 33 28.44 69 37,178
12:00 28 32 28.25 70 31,292
13:00 27 31 28.43 70 27,943
14:00 26 29 27.79 73 27,390
15:00 19 25 26.05 76 24,948
16:00 16 22 25.27 80 15,586
17:00 13 19 25.14 83 4,667

Source: Primary data

has a positive correlation, but negative correlation with
humidity. The humidity will decrease while the temperature
and light intensity was high. Based on Mathiasson et al.
(2015), forage activity and environmental factors have a
significant correlation.

The results of this study were in line with Kajobe and
Echazarreta (2005) which showed that bees searching for
food started their activity early in the morning which totaled
approximately 5-10 bees. Rodrigues et al. (2007) stated, that
the activity of bees began at 06.00 with high humidity of
about 65%, low light intensity, and the temperature around
22 °C. Flight activity was the highest when the humidity
reached 43-65%. The humidity would be relatively constant
around 40% at 17.00 until the bees came into their hive and
did not have any activity outside the nest. Mathiasson et
al. (2015) also supported this study, that bees did a lot of
activities at a low humidity while the temperature was high.
High activities happened at temperatures above 29 °C and
the relative humidity was about 70%. The peak activities of
stingless bee was at noon.

Several abiotic factors influenced the activity of
bees. Temperature had the greatest effect on the activity of
bees (Boontop et al. 2008). The activities of bees went in
and out increased with the increase in temperature, and the
maximum activity occurred when the temperature reached
26.5 to 27 °C similar to the finding of Hilario et al. (2001)
and Danka et al. (2006). Bees could not fly when their body
temperature dropped below 10 °C. They were powerless to
move at a temperature of 5 °C and they freeze at -1.9 °C
(Gojmerac 1983). Contera and Nieh (2007) added that at
the time of low temperatures, bees searching for food would
stay in their nest longer than when the temperature was
normal.

Bee activities were also influenced by humidity.
The higher humidity, the lower the activity (Boontop et al.
2008). High humidity occurs in the morning when it rains,
and bees have no outside activity when it rains. Searching

Edisi Juni 2020 69



Salatnaya et al.
Jurnal Ilmu Produksi dan Teknologi Hasil Peternakan 8 (2): 67-71

for food is hindered by the rain. Morning rain delays the
collection of pollen and continuous rain leads to a decrease
in search of food, because the intensity of light in the rain
also decreases. This results was supported by Hilario et al.
(2001), who stated that the higher the light intensity, the
higher the activity of bees. The peak was at noon before it
decreased when the night came. The result of t test to the
environmental factors and the activities of the bees showed
a significant difference (P <0.05) with a value of 36.5 +20.9
in the monoculture farm and 25.00 + 8.99 in the polyculture
farm.

The weather at both study sites had great influence
on the activity of the bees. Rainfall was still quite high
until May, so the activity of the bees outside their hive
was very limited. The bees preferred staying in their nest
when the weather did not support the activities outside the
nest. According to Someijer et al. (1983), rain hindered
the activity of bees to find food. Morning rain will delay
the collection of pollen and continuous rain decreased the
activity for food hunting.

Propolis Production

The propolis produced by the colonies of 7. laeviceps
kept in the monoculture nutmeg farm and polyculture farm
for 13 weeks can be seen in Table 3. It shows that the weight
of T. laeviceps raised in the monoculture farm was higher
than in the polyculture farm. During the 3-month study the
weights of the colonies produced in the monoculture farm
and the polyculture farm were 299 g and 170 g respectively.
The result of t test showed that the colony development in
the monoculture nutmeg farm and in the polyculture farm
was significantly different (P <0.05) with a value of 95.5
+ 10.8 g in the monoculture nutmeg farm and 61.3 + 11.7
g in the polyculture farm. However, after being harvested,
the product of Trigona in the monoculture nutmeg farm was
only 21.93% of the colony weight and in the polyculture
farm 54.56%.

The colony development could be associated with
plant-flowering seasons in the farm and the environment.
Nutmeg plant is a plant that blooms throughout the year,
but the highest flowering period occurs in April and May.
Fortunately, the flowering period coincided with the
implementation of the research activities, so that the colony
development could be observed. Bees need sufficient food
not only for survival but also for the colony development.
Seemingly, the amount of food that was collected by bees
in the monoculture farm was not much. Consequently, the
colony development was not too fast. Additionally, during
the observations, the environment was not really supportive

Table 3. Harvest of T. laeviceps propolis in the nutmeg
monoculture farm and the polyculture farm

Farm Colony Harvest Propolis
Weight Colony
(2) (2 (2)
Monoculture 299 68 27.79
Polyculture 170 94.77 48.8

Source: Primary data
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due to the weather change, where there was more rain than
there was sunny time.

The colony development could be associated with
plant-flowering seasons in the farm and the environment.
Nutmeg plant is a plant that blooms throughout the year,
but the highest flowering period occurs in April and May.
Fortunately, the flowering period coincided with the
implementation of the research activities, so that the colony
development could be observed. Bees need sufficient food
not only for survival but also for the colony development.
Seemingly, the amount of food that was collected by bees
in the monoculture farm was not much. Consequently, the
colony development was not too fast. Additionally, during
the observations, the environment was not really supportive
due to the weather change, where there was more rain than
there was sunny time.

The colony development in the polyculture farm
was less than in the monoculture farm, but the monoculture
farm was higher in production, because during the study, the
flowering season of the plant in the polyculture farm only
occurred for certain types of plants, namely 10 nutmeg trees,
1 lamtoro tree, 3 jackfruit trees, 3 pineapple trees, 5 papaya
trees, and 2 guava trees. It was assumed that the reason why
bees were hoarding food was that the number of flowering
plants was not many. According to Siregar et al. (2011),
stingless bee needed an environment with vegetation that
provided pollen and nectar naturally, in order to multiply
and produce a variety of bee products, such as honey, pollen
and propolis.

Activities of social insects in tropical areas were
high in the morning, when the collection of pollen is higher
than nectar, as also stated by Roubik (1989). According to
Junior et al. (2010), bees collected pollen in the morning
until noon. The frequency of bees returning to the nest
by bringing nectar or water increases during the day in
the summer. Throughout the rainy season, the activity of
collecting nectar was done more frequently in the morning
and early afternoon. Wallace and Lee (2010) stated that the
collection of propolis was only a small part of the entire
activities carried out by the bees. The bees returning to
the nest bringing resin during the peak activity was only
10%. Jager (2001) stated, that propolis production would
increased if there was a gap that was open and the light came
into their nest, because the incoming light would stimulated
bees to collected propolis to seal their hive.

Temperature affects the production of propolis
because bees used propolis to isolate and protect their nest
from the environmental factors. Temperature always affects
the amount of resin collected by worker bees. The rise in
temperature makes plant resins and wax become soft and
allows bees to process. According to Krell (1996), resin
collection would be more active at the beginning of the
rainy season, when the bees prepare their nest for the winter.

CONCLUSION

Environmental factors (temperature, humidity, and
light intensity) and time significantly affected the flying
activity of 7. laeviceps. High temperatures, as well as high
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light intensity, increased the activity of the bees, while high
humidity in the monoculture farm decreased the activity of
the bees. The propolis produced in the polyculture farms
was higher than the monoculture farm.
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