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AbstractArticle Info

Importance of the work: The pollination process for true shallot seeds (TSSs) is usually 
conducted based on high-cost hand pollination that could be replaced by insects.
Objectives: To investigate two insect species as possible replacements to hand pollination for 
TSS production.
Materials & Methods: Common green bottle flies (Lucilia sericata Meigen) and stingless 
bees (Tetragonula laeviceps Smith) were used as pollinating agents for shallot plants in cages. 
The applications consisted of 100 flies, 300 flies, 500 flies, 1 colony of stingless bees, hand 
pollination, open pollination and a control. Variables observed were insect activity, pollination 
success and seed quality.
Results: Green bottle flies visited more flowers (15.2 ± 4.5 flowers/min) and spent, significantly, 
more time on flowers (135 ± 46 s/flower) than stingless bees (5 ± 3 flowers/min and 81 ± 18  
s/flower, respectively). The highest pollination success and seed quality values were recorded for 
the hand pollination group (61.91% and 1.22 g, respectively) though these were not significantly 
different from the results using 500 green bottle flies (60.56% and 1.09 g, respectively). However, 
the seeds produced using stingless bee pollination had a significantly higher germination rate.
Main finding: Green bottle flies and stingless bees could be applied (partially or totally) as  
a replacement for hand pollination for imported TSS production. However, due to the possible 
negative consequences of the mass production of green bottle flies, the application of stingless 
bees as pollinating agents for TSS production would be preferable. 
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Introduction 

	 Shallot (Allium cepa) is one of the main herbs utilized 
as traditional food and medicine and the main agricultural 
product for some regions in Indonesia although this plant is 
not native there (Sun et al., 2019). During 2015–2017, total 
shallot production, in Indonesia, increased from 1.3 million to 
1.5 million (Badan Pusat Statistik, 2017). Increasing market 
demand adds more pressure to the demand for seedlings 
for cultivation. In Indonesia, shallot cultivation is highly 
dependent on the bulb as the source of the seedling, with the 
bulb having some weaknesses as a seedling source due to high 
disease susceptibility, high cost (as the seedling bulb replaces 
a bulb designated for consumption), low shelf life and uneven 
quality (Palupi et al., 2015). The alternative to overcome these 
weaknesses is true shallot seed.
	 Due to some problems with the quantity and quality of 
seed produced domestically, Indonesia imported about 1,190 
t of shallot seeds costing about USD 1.15 (Badan Pusat 
Statistik, 2017). An increase in demand for seed and decreasing 
monetary exchange rates are causes for concern. Some studies 
have been conducted to produce seeds of local cultivars of 
shallot with varying success rates (Saidah et al., 2020).
	 Some of the biggest challenges in true shallot seed 
production are flower production and the success rate  
of pollination as shallot requires cross-pollination to  
produce desirable seed quantity and quality (Mayer and 
Lunden, 2001) and is highly dependent on pollinating agents 
because of the difference in maturity between male and female 
flowers (Currah and Proctor, 1990; Chandel et al., 2004), 
while the lack of cross-pollination impacts greatly on the 
seed production rate that can be lower than 10% (Ewies and  
El-Sahhar, 1977).
	 Other studies have shown considerable variation (20–70%) 
in the pollination success of local shallot cultivars; although 
the quality of produced local seeds was promising, the high 
variation of the seeds prevented large-scale production (Palupi 
et al., 2015; Saidah et al., 2020). This condition could relate 
to the variation in the genetic source and production regime. 
Thus, the shallot seeds available in the market are the seeds 
from imported cultivars.
	 In this study, we succeeded to produce the flowering of 
the imported cultivar in Indonesia by imitating the production 
condition of the origin, in South Africa, by applying low-
temperature stress (a process called vernalization) and specific 
growth hormone to the bulb and human workforces were 

utilized for pollination. The main challenge for local shallot 
seed production is lowering the cost to an affordable level 
by local farmers. This study focused on the important cost 
production regarding pollination.
	 Shallot features small, unspecialized green, yellow, or 
white flowers in umbels, with a diverse assemblage of insects, 
including bees, flies, wasps and beetles, contributing to their 
pollination in the open field (Howlett et al., 2005; Rader et 
al., 2009; Gaffney et al., 2011). Studies on seed production 
of shallot cultivars showed the importance of insects for 
cross-pollination (Mayer and Ludgen, 2001; Saidah et al., 
2020). Among these tropical insects, local honeybees (Family: 
Apidae), such as Apis cerana F., Apis dorsata F. and Apis 
florea F. and imported European honeybees (Apis mellifera L.) 
are the most dominant pollinator supplied by the surrounding 
agroecosystems (Jadhav, 1981; Sajjad et al., 2008; Gure et al., 
2009; Hosamani et al., 2019).
	 However, consistently maintaining populations of these 
insects is difficult due to their large colony size. Furthermore, 
their aggressive behavior makes them undesirable in  
an enclosed production system. An alternative is to utilize 
insect species that are easy to handle, low in maintenance,  
less aggressive and locally available, such as green bottle 
flies and stingless bees. The common green bottle fly  
(Lucilia sericata Meigen), known as one of the major 
pollinators of shallot (Currah and Ockendon, 1984; Sajjad  
et al., 2008; Palupi et al., 2015), has a short life, can be 
produced in large numbers in indoor facilities and is applicable 
as an indoor pollinator (Cook et al., 2020). The stingless  
bee (Tetragonula laeviceps Smith) is known for its high 
pollination efficiency with small-sized flowers, low colony 
maintenance and less aggressive behavior (Putra and Kinasih, 
2014; Putra et al., 2014; Putra et al., 2017; Ramadani et al., 
2021). Both these genera have been in use as part of local shallot 
seed production and have shown promising results (Palupi  
et al., 2015). However, information is lacking regarding 
imported cultivars and there is a possibility of different 
responses due to interactions between non-native plants 
and native pollinators that may be positive (Matteson and 
Langellotto, 2010; Gibson et al., 2013) or negative (Menz et 
al., 2011). Based on these facts, the current study investigated 
the possibility of using either of these insects as a replacement 
for hand pollination.
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Materials and Methods

Research location and period

	 Cultivation of shallot was conducted at the production 
laboratory of East West Indonesia, Lembang regency, West 
Java, Indonesia located more than 1,250 m above sea level. The 
study area was considered suitable for shallot seed production 
(Hilman et al., 2014). The average daily temperature of the 
study area was 16–20°C with relative humidity of 70–90%. 
The study was conducted during the dry season (April–July), 
consisting of a pollination study for 2 mth (April–May) and 
harvesting and post-harvesting activities (June–July).

Insects

	 The laboratory colonies of green bottle flies used in this 
study were obtained from the Toxicology Laboratory, School 
of Life Sciences and Technology, Institut Teknologi Bandung, 
Indonesia. The stingless bee species used in this study was 
Tetragonula laeviceps Smith which originated from a local 
stingless bee farm. Colonies of 200–500 bees were kept inside 
a bamboo tube. All colonies were acclimated for 3 wk before 
application and only replaced weekly during the study.

Pollination study

	 The shallot cultivar used in this study was the Lokananta 
cultivar, an imported cultivar of shallot sold as seed in 
Indonesia. Shallot plants were divided into seven groups, each 
consisting of 20 plants that were kept inside designated 1 m × 
1 m × 1.2 m screen cages for the insect pollination and self-
pollination groups (Fig. 1A).
	 The groups consisted of: 1) self-pollinated plants covered 
with a screen cage; 2) open pollinated plants not covered with 

a screen cage; (3) hand pollinated plants conducted by manual 
rubbing of the umbels; 4) 100 green bottle flies (GBF 100) 
on plants kept inside a screen cage that were restocked to the 
designated number of green bottle flies weekly; 5) 300 green 
bottle flies (GBF 300) on plants kept inside a screen cage 
and restocked to the designated number of green bottle flies 
weekly; 6) 500 green bottle flies (GBF 500) on plants kept 
inside a screen cage and restocked to the designated number 
of green bottle flies weekly; and 7) pollination using stingless 
bees on plants kept inside a screen cage and replaced with 
a new bee colony weekly. Four replications were used. The 
choice of the number of green bottle flies applied was based 
on the results of studying rearing techniques for the flies that 
showed 500 as the highest population for maintaining a healthy 
green bottle fly population in a 1 m × 1 m × 1.2 m screen 
cage (Putra, unpublished data). For the stingless bee colony, 
a photograph of the egg section area was taken and compared 
after 1 wk to decide whether the colony should be refreshed 
from a nearby bee farm, reused or replaced with a new colony. 
The replacement was done when new eggs were not produced.

Pollinator activity and efficiency

	 Pollinator activities were directly recorded by two 
observers. One observer was responsible for collecting the 
data and the other acted as the timekeeper. Data collection was 
conducted during 0800–1500 hours local time twice a week.
	 The observed variables were: 1) insect pollinator abundance: 
defined as the total number of insects visiting any umbel per 
plant within 1 min; 2) visitation rate: defined as the number 
of florets (Fig. 1B) visited during 60 s (Dafni, 1992) and this 
was applied to individuals of both the green bottle fly and 
stingless bee; 3) handling time: defined as the time spent by one 
insect at an umbel, measured in seconds per umbel (Gingras 
et al., 1999); and 4) pollination efficiency: measured by the 
percentage of flowers that produced capsules.

Fig. 1	 (A) screen cage of pollination study; (B) components of shallot inflorescence
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	 During observation, the temperature was recorded using 
a data logger to observe the possibility of temperature as a 
limiting factor for the application of insects as pollinating 
agents for TSS production.

Seed number and quality 

	 Seeds were extracted from capsules produced from the 
pollination process using the inflorescence. The effect of the 
pollination treatment on seed production and quality was 
determined by calculating the total number of seeds, the 
weight of seeds per umbel, the weight of 100 seeds and the 
germination rate of the seeds. 

Data analysis

	 Before analysis, data normality was analyzed based on a 
one-sample Kolmogorov-Smirnov test that indicated all the 
data were normally distributed. These data were analyzed using 
one-way analysis of variance, with Duncan’s test as a post hoc 
test of significance at p < 0.05. Differences in handling time 
and foraging rate between the two species were analyzed using 
an independent t test at p < 0.05. All analyses were conducted 
using the SPSS 22.0 software (IBM Corp. Released, 2013). 
The correlation between temperature and foraging rate of both 
insects was analyzed based on Pearson’s correlation conducted 
using the PAST 4.08 software (Hammer et al., 2001).

Result and Discussion

Pollinator visitation rate

	 The abundance of insects visiting flowers could affect 
the efficiency of pollination (Sajjad et al., 2008). In the 
current study, the significantly highest pollinator abundance 
was recorded for GBF 500. On the other hand, the average 
abundance of stingless bees on flowers was relatively high and 
similar to the abundance recorded for GBF 300, while GBF 100 
had the lowest abundance (Table 1).
	 Only 5% of green bottle flies visited the flowers while the 
others spend their time on the screen surface. Large numbers 
of flies died during the study which may have been related to 
the environmental conditions and lack of energy sources for 
the flies. This condition was perceived as a major weakness 
of using green bottle flies as pollinators because many new 
replacement insects were required frequently.

	 On the other hand, no dead stingless bees were found 
during the study. Food reserves in the colony provided energy 
sources for forager bees that prevented the death of foragers. 
However, a symptom of colony deterioration (lower number of 
new eggs) was detected after 1 wk (personal observation).

Single pollinator activities

	 Observation on pollinator activity showed that a single 
green bottle fly had a significantly higher visitation rate and 
handling time than a single T. laeviceps (Table 2).
	 The higher visitation rate of single green bottle flies to 
shallot flowers in the current study agreed with Currah and 
Ockendon (1984). A higher visitation rate increases the 
possibility of flowers being pollinated. However, unlike the 
stingless bees, the visitation pattern of the green bottle flies was 
random and they showed a high preference for larger umbels.
	 A longer handling time was also recorded for green bottle 
flies, which could improve the probability of pollen being 
deposited on the surface of the insect body (Palupi et al., 2015). 
The length of flower-handling time could be related to time-
dependent behavior such as nectar extraction (Harder, 1986; 
Mitchell and Waser, 1992), efficiency at flower manipulation 
(Ivey et al., 2003) and a possible preference to nectar. The short 
flower-handling time of the stingless bees at shallot flowers 
may have been related to the fact that the nectar of onion is high 
in potassium and becomes thick with increasing temperature 
which made it unfavorable for some bees species (Voss et al., 
1999).

Table 1	 Average number of insect pollinator individuals visiting umbels 
Pollination treatment Average visitation 

(individuals/plant/min)
% of total 

individuals
GBF 100 8.1±3.4A 8.1
GBF 300 16.2±9.3B 5.4
GBF 500 20.9±11.7C 4.2
Stingless bees (one colony) 13.9±5.7B 13.9

GBF = green bottle flies, with number indicating individuals used in pollination
Mean±SD superscripted with different uppercase letters are significantly 
(p < 0.05) different

Table 2	 Pollinator activity of single individuals on umbels
Pollinator Number of florets/

umbel/min
Handling time/

umbel (s)
Green bottle flies 15.2±4.5B 134.5±45.9B

Stingless bees 5.4±2.7A 80.6±17.4A

Mean±SD within each column superscripted with different uppercase 
letters are significantly (p < 0.05) different



413R.E. Putra et al. / Agr. Nat. Resour. 56 (2022) 409–416

seed number (as reported for other onions by Woyke, 1981;  
Rao and Lazar, 1983; and Kumar et al., 1985); 2) there was  
lack of natural pollinators in the cultivation area that could 
explain the requirement for additional supplies of pollinating 
insects (Mayer and Lunden, 2001; Witter and Blochtein, 
2003; Adel et al., 2013); 3) stingless bees could be used  
as an alternative to green bottle flies where using a large  
number of flies was impractical; 4) the efficiency of hand 
pollination could be matched by using a large number of  
green bottle flies that provided a high pollination intensity 
(high visitation rate and handling time) and reduced the  
adverse effect of limited pollen supplies (Ashman et al., 2004; 
Knight et al., 2005).

Number and weight of seeds per inflorescence 

	 The number of seeds produced using hand pollination was 
the highest although it was not significantly different from the 
values using GBF 500 and GBF 300 or from using stingless 
bees (Table 4).

Fig. 2	 Correlation between temperature and foraging rate of: (A) green bottle flies; (B) stingless bees

Table 3	 Pollination efficiency of true shallot pollination using different 
treatments 

Pollination treatment Pollination efficiency (%)
Hand pollination 61.9±10.4D

GBF 500 60.6±12.4D

GBF 300 51.5±13.8C

GBF 100 48.3±13.6C

Stingless bees 49.4±14.6C

Open pollination 35.2±11.2B

Self-pollination 1.9±1.7A

GBF = green bottle flies, with number indicating individuals used in pollination
Mean±SD superscripted with different uppercase letters are significantly 
(p < 0.05) different

Environment conditions and foraging rate

	 Both insect species showed a positive correlation with 
temperature though the correlation was much stronger and was 
significant for the green bottle flies (Pearson’s correlation = 
0.004) than for the stingless bees (Pearson’s correlation = 0.07). 
Observation indicated that the stingless bees were less active at 
any temperature although they had a wider temperature range 
of activity than the green bottle flies (Fig. 2).
	 The green bottle flies tended to spend their time warming 
their bodies on the screen surface, while the stingless bees 
directly foraged. It seemed that the acclimatization of bees at 
lower temperatures helped the development of their foraging 
behavior at low temperatures. However, the low activity level 
of the stingless bees at low temperatures would be another 
challenge as most of the TSS farms are located at higher 
altitudes where low temperatures are common (Hilman et al., 
2014). 

Pollination efficiency

	 The pollination efficiency rates of hand pollination and from 
using 500 green bottle flies were significantly higher than for 
the other pollination regimes, with hand pollination producing 
better efficiency than GBF 500 but not by a significant 
difference. On the other hand, the effectiveness of stingless 
bee pollination was similar to the efficiency rates for GBF 100 
and 300, with these population numbers being more likely to 
be produced in small rearing facilities that could be sustained 
and would have a low risk of conflict with surrounding human 
activities (Table 3).
	 The current results highlighted some important outcomes: 
1) the lack of assisted pollination significantly reduced 



414 R.E. Putra et al. / Agr. Nat. Resour. 56 (2022) 409–416

Table 4	 Number of true shallot seeds per umbel and seed quality (seed weight per umbel, weight 0f 100 seeds and germination rate) produced using 
different pollination treatments

Pollination treatment Number of seeds/umbel Seed weight/umbel (g) Weight of 100 seeds (g) Germination rate (%)
Hand pollination 444.3±163.6C 1.2±0.3D 0.39±0.06A 86.0±0.1B

GBF 500 436.1±150.6BC 1.1±0.1CD 0.36±0.02A 85.5±0.2B

GBF 300 378.7±154.3BC 0.8±0.1BC 0.34±0.01 A 50.0±0.2E

GBF 100 345.0±140.2B 0.8±0.2B 0.35±0.01A 83.5±0.3 B

Stingless bees 392.9±135.9 BC 0.8±0.1BC 0.36±0.03A 89.5±0.1A

Open pollination 355.1±139.9B 0.6±0.02B 0.36±0.02A 82.0±0.2C

Self-pollination 10.9±13.9A 0.04±0.01A 0.37±0.01A 75.5±0.0D

GBF = green bottle flies, with number indicating individuals used in pollination
Mean±SD superscripted with different uppercase letters are significantly (p < 0.05) different

	 Important results based on the data on the number of seeds 
per inflorescence were: 1) assisted pollination was required to 
produce true shallot seeds; 2) a high diversity of visiting insects 
may produce a similar number of seeds as from the application 
of a specific pollinating insect (Kamal and Akand, 2017); (3) 
although the number of seeds produced using hand pollination 
was the highest, there was variation in numbers among the 
replications that indicated inconsistency in pollination by hand. 
	 On the other hand, the total weight of seeds produced using 
hand pollination was the highest although not significantly 
different to the GBF 500 group (Table 4). The current study 
also agreed with other studies that reported the importance of 
an abundance of pollination agents to improve the seed weight 
(Rao and Lazar, 1983; Kumar et al., 1989; Ahmad et al., 2003; 
Tolon and Duman, 2003; Adel et al., 2013).

Weight of 100 seeds

	 The weights of 100 seeds among pollination treatments 
in the current study (Table 4) were consistent with Kumar et 
al. (1985) and Palupi et al. (2015). Seed weight is a critical 
characteristic of the life history of a plant, which is widely 
used as an indicator of seed quality (Ellison, 2001; Li et al., 
2015). The current results may have indicated that the weight 
of 100 seeds was more likely to be affected by agronomic and 
environmental factors, such as bulb size (Asaduzzaman et al., 
2012), plant spacing (Haile et al., 2017), bulb planting time 
(Tesfaye et al., 2018) and soil fertility (Hossain et al., 2017) 
when pollinators are available (Adel et al., 2013).

Germination rate

	 The germination rate of seed produced by stingless bees 
was the highest, while the lowest was recorded for the GBF 
300 group (Table 4). This result agreed with the previous 
study reported by Tolon and Duman (2003). In general, all true 

shallot flowers that received pollination assistance either by 
hand or insects produced germination rates higher than 80% 
(except for GBF 300 group), which is the minimum standard for 
commercialization (The Central Seed Certification Board, 2013).
	 On the other hand, the germination rates of the seed (50–
89.5%) in the current study were better than the germination 
rates of local seeds (68–76%) produced using similar procedures 
nearby (Palupi et al., 2015). The differences in germination 
rates could have been due to genetic makeup (Hatzig et al., 
2015; Sudha et al., 2019), storage method (Kirmizi et al., 
2017), planting period (Tesfaye et al., 2018) or pollination 
intensity (Labouche et al., 2016). The low germination rate of 
GBF 300 was probably related to more flowers being produced 
through self-pollination than cross-pollination as one of the 
characteristics of pollination using flies (Currah and Ockendon, 
1984) that needs to be confirmed by further studies.
	 The current results showed that stingless bees, in terms 
of seed quality, provided the best pollination service for 
seed fertilization compared to the other pollination regimes. 
Successful seed fertilization is usually related to a higher 
germination rate caused by perfect pollen numbers and 
deposition time on stigma. The low pollination intensity of the 
stingless bees might have been prevented by using a higher 
number of colonies although the health and wealth of colonies 
should be considered.
	 The current study investigated both flies and stingless bees 
as forced pollinators in much smaller screens than used in other 
studies (Currah and Ockendon, 1984; Palupi et al., 2015) and 
produced better seed germination rates which could have been 
caused by the limited space and alternative resources. The 
application of both these insects in natural conditions would be 
challenging due to the temperature-dependent behavior of both 
insects. Flies respond to the low temperature in the cultivation 
area by moving to another area to avoid extreme temperature 
(Currah and Ockendon, 1984). This temperature regulation 
may reduce the activities of flies regarding movement between 



415R.E. Putra et al. / Agr. Nat. Resour. 56 (2022) 409–416

flowers; frequent replenishment with large numbers of younger, 
active flies may counter this. On the other hand, bees are 
partially endothermic through greater control over their body 
temperature using their physiological and social behavior. 
However, this mechanism requires a large amount of energy 
from nectar. Bees probably will reduce visits to shallots in 
preference to other flowers having a greater energy content in 
their nectar.
	 In conclusion, both green bottle flies and stingless bees 
have potential as alternative pollinating agents for true shallot 
seed production. Stingless bees may be suitable as pollinators 
for seed production of non-native plants. On the other hand, 
the application of green bottle flies, which are relatively easier 
to produce and multiply than stingless bee colonies, should be 
investigated using a larger scale to further study the health, 
safety, environmental, economic and possible human conflict 
aspects, as this species is known as a vector of human diseases 
(Rahimi et al., 2021).
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