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Abstract:

Sunflower (Helianthus annuus L.) is an open pollinated crop and the world’s fourth important source of ed-

ible oil. Two fields, one of them adjacent to an apiary with 40 hives, were sampled weekly for two months.
A total of fifteen species of insect pollinators were recorded. Species of the order Hymenoptera were the
most abundant (91%), followed by those of Lepidoptera (6%) and Diptera (3%). The relative abundance
of four Apis species, i.e. Apis mellifera, A. dorsata, A. cerana and A. florea, varied on hourly and weekly
basis. The peak densities of all honeybee species were recorded at 12.00 pm and 02:00 pm while minimum
densities were recorded at 08:00 am and 04:00 pm. Apis mellifera was the most recorded honeybee species
compared to other Apis spp. during the study. In both fields the differences were significant.
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Introduction

Sunflower (Helianthus annuus L.) is an important
cash crop which belongs to the family Asteraceae.
Two seasons are very suitable for the production of
sunflower in Pakistan: spring and summer (SHAH et
al., 2013). It is mainly cultivated for production of
seeds. Sunflower is fourth in rank among oil-seed
crops. Sunflower seeds are rich of essential fatty ac-
ids containing 49% oil. The seed meal formed after
oil extraction contains proteins, minerals, carbohy-
drates and balanced amino acid profile (NAsIr ef al.,
2011).

Insects play a major role in pollinating sunflow-
er and increasing its yield. A total number of twenty
insects from the orders Hymenoptera, Lepidoptera,
Diptera, and Coleoptera visit sunflower. Species rich-
ness is high in Hymenoptera (two families) followed
by Lepidoptera (four families), Coleoptera (three
families), and one family from Diptera (JADHAV et
al., 2011). The most frequent insect pollinators vis-
iting sunflower are Apis bees. Among Apis bees A.
mellifera is thought to be the most efficient pollina-
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tor. It increases the yield of sunflower compared to
other Apis bees and other pollinators (NDERITU et al.,
2008; KuMAR et al., 2005).

Relative abundance of insect visitors to sun-
flower capitula reveals that Apis sp. constitutes
88.85% indicating the dominance of hymenopterans
among sunflower pollinators (JADHAV et al., 2011).
Honey bee pollination is, therefore, essential for
the production of sunflower hybrid seeds. In earlier
studies, it has been reported that seed yield and seed
set are greatly increased due to pollination of hon-
eybees (TaN et al., 2002). Oz et al. (2009) indicate
that the use of honey bees for sunflower hybrid seed
production improves seed set ratio, 100 seed weight,
number of filled seed per head, and seed yield per
head.

The flowering period of sunflower varies in dif-
ferent varieties and ranges from two to four weeks
(IoN et al., 2007). In Pakistan, sunflower is cultivat-
ed over an area of 877,000 acre and the production is
473,000 tons seed (MINFAL. 2013).
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The present study was carried out to elucidate
and document insect pollinator fauna, their diversity,
and the relative abundance of four Apis species on
sunflower in Swabi district, Khyber Pakhtunkhwa,
Pakistan.

Material and Methods

The experiment was carried out in Swabi Khyber
Pakhtunkhwa, North Western Pakistan. Two sun-
flower fields (120 m? each) with two kilometers
apart were sown using randomised complete block
design in April 2013. The hybrid variety Suncross
was sown in the two fields of similar loamy soil. An
apiary of 40 hives was present next to one of the
fields studied. Each field was 30 x 4 m divided into
three plots of 10 x 4 m. Row to row distance was 70
cm and plant to plant distance was kept at 25 cm.
Weekly average temperature and relative humidity
were also recorded. All recommended agronomic
practices were applied.

Insect visitors/pollinators were collected from
the two fields every two hours from 8:00 am until
4:00 pm. Weekly sampling was performed randomly
across the two fields using sweeping net. Insect/bees
loaded with pollen pellets on their legs were consid-
ered as pollen collectors while bees without pollen
were considered as nectar foragers. For some spe-
cies both pollen and nectar collector were observed.
The collected insects/bees were identified following
Ascrer and Rasmussen (2010) while Vespidae spe-
cies were identified using KHALID et al. (2012).

sThe relative abundance of four Apis species,
Apis mellifera, A. dorsata, A.cerana, and A. florea
was recorded weekly. Three m? areas were ran-
domly selected in each field (1 m? for each plot).
Observations were recorded during the first 10 min
of each hour from 08:00 am to 04:00 pm using a
stopwatch. Observations were conducted weekly
throughout flowering season (from mid-June to mid-
July). Relative abundance of bees was calculated to
identify the most frequent bee species visiting the
sunflower. For Apis species, one m*area was select-
ed in each plot. The recorded data were subjected
to statistical analysis (one-way ANOVA) using the
software Statistix 8.1, and means were separated us-
ing LSD test at 0.05 significance level (STEEL and
TorrIE, 1980).

Results

Observations have shown that sunflower crop was
visited by different insects. The list of these insect
pollinators/visitors is presented in Table 1. A total
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of 15 insect species belonging to three main orders
i.e. Hymenoptera (three families, nine species),
Lepidoptera (three families, four species) and Diptera
(two families, two species) were recorded. Among
the three orders, hymenopterans represents 91% of
all the recorded species followed by Lepidoptera
(6%) and Diptera (3%, Fig. 1). The relative abun-
dance of each insect family on the tested sunflower
fields is presented in Fig. 2. Family Apidae occupied
the 1% rank (86.5 %) followed by Halictidae (3.8%)
and Hesperiidae (2.3%), while Vespidae represented
(0.7%) of all visitors/pollinators recorded.

Table 2 shows the relative abundance of four
Apis spp. during four weeks in the first sunflower
field. Significant differences were found among spe-
cies and timings. During all four weeks Apis mellif-
era population was significantly higher followed by
Apis dorsata, Apis florea and Apis cerana. At differ-
ent observed timings (hours) the population density
observed for all species varied significantly. At 08:00
am and 04:00 pm the recorded number of individuals
of all fours species was significantly different com-
pared to the other timings. The peaked abundance of
species was remarkable at 12:00 pm during the 1%,
2™ and 3 weeks.

Relative abundance of Apis species at the 2™
sunflower field is represented in Table 3. In the 2nd
field the relative abundance of A. mellifera was sig-
nificantly higher than the ones of other Apis species
during all observed weeks. The relative abundance
of A. dorsata was significantly higher than 4. flo-
rea and A. cerana during all weeks. Apis cerana’s
relative abundance was low in both fields. The peak
abundance for this field of all four species was ob-
served at 12:00 pm and 02:00 pm.

Discussion

In the present study 15 pollinators /visitors of sun-
flower were recorded. They belong to three insect
orders: Hymenoptera, Lepidoptera and Diptera.
Out of 15, nine species belong to Hymenoptera.
Our results are similar to those of JADHAV et al.
(2011) who observed nine Hymenopterans on sun-
flower. However, they recorded a total number of
24 insect visitors from four orders. NDERITU et al.
(2008) observed 14 insect species visiting sunflower
floral heads for Kenya. In another study KasmNa et
al. (2007) recorded 14 insect species belonging to
four main orders i.e. Hymenoptera, Lepidoptera,
Diptera and Coleoptera. No Coleopteran species
was found in the present study, possibly due to loca-
tion, time period, environment or the distribution of
Coleopterans in the area. MoreTI et al. (1996) also
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Table 1. Sunflower insect pollinators/visitors on sunflower at Swabi, Pakistan during flowering season, 2013

Order Family Insect species Foraging purpose
Apis mellifera
A. dorsata Fab.
) A. florea Fab.
Apidae
A. cerana Fab.
Nectar and Pollen
Hymenoptera Xylocopa (Koptortosoma) pubescens
Ceratina (Pithitis) smaragdula Fab
L Halictus (Halictus) brunnescens
Halictidae : . o
Halictus (Argalictus) senilis
Vespiade Polistes spp. Nectar
Hesperiidae Pelopidas mathias Nectar
Hypolimnas misippus
Lepidoptera Nymphalidae P - [,jp
Junonia lemonias Nectar
Pieridae Pieris brassicae.
. Muscidae Rhynchomydaea spp.
Diptera ; ; Nectar
Syrphidae Phytomia spp.
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Fig. 1. Relative abundance (%) of sunflower pollinator insects orders at Swabi Pakistan during flowering season, 2013
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Fig.2. Relative abundance (%) of each insect family at Swabi Pakistan during flowering season, 2013
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Table 2. Relative abundance of four Apis spp. at 1* sunflower field at Swabi, Pakistan, during flowering season, 2013

Time of observation (Hours)
Weeks Species 08:00am | 10:00am | 12:00pm | 02:00pm | 04:00pm Mean Temp Humidity
Apis mellifera 35.4 47.1 50.9 43.5 33.6 42.1a
1 A. florea 12.2 153 18.4 16.1 8.4 14.1c 35°C 50%
A. dorsata 15.2 21.1 23.2 18.3 14.7 18.5b
A. cerana 4.3 10.4 14.3 11.3 52 9.1d
Mean 16.7¢ 23.4b 26.7a 22.3b 15.4¢
A. mellifera 41.3 52.3 58.8 45.1 354 46.5a
2nd A. florea 13.1 17.3 22.7 19.4 10.9 16.6¢ 40 °C 48%
A. dorsata 18.5 28.1 30.4 22.6 17.3 23.3b
A. cerana 53 12.8 19.2 17.8 8.6 12.7d
Mean 19.5¢ 27.6a 32.7a 26.2a 18.1c
A. mellifera 38.7 58.6 61.4 55.2 37.3 50.2a
A. florea 17.1 22.8 26.7 22.4 12.5 20.3¢ 38 °C 58%
3 A. dorsata 21.4 30.1 323 24.9 19.1 25.5b
A. cerana 7.3 k14.5 16.5 15.9 9.2 12.6d
Mean 21.1b 31.5a 34.2a 29.6a 19.5¢
A. mellifera 32.4 48.8 43.4 45.6 31.7 40.3a
A. florea 14.8 19.4 20.1 18.2 10.3 16.5¢ 39 °C 60%
4t A. dorsata 18.6 23.5 24.8 20.4 16.2 20.7b
A. cerana 5.6 13.1 11.3 13.5 8.8 10.4d
Mean 17.8¢ 26.2a 24 .9a 24 .4a 16.7¢

Standard error of a mean (Time/hours) 0.70
Standard error (Time/hours) 1.00

Standard error of a mean (Species) 0.78
Standard error (Comparison of two means) (Species) 1.10

* Means followed by the same letter in columns or rows are non-significant at 5% level of probability.

documented similar insect pollinators on sunflower.
The present results are also very similar to those of
ARrvA et al. (1994) who recorded 20 insect species
on sunflower belonging to Hymenoptera (12 spe-
cies), Lepidoptera (three species) and Diptera (five
species). [on et al. (2009) recorded insect visitors of
sunflower in Romania mainly belonging to four in-
sect orders: Hymenoptera, Lepidoptera, Diptera and
Hemiptera.

Among all families, Apidae (Hymenoptera)
was the most abundant with 86.5% tailed by
Halictidae (3.8%). Our observations are very similar
to the ones of GUILHERME et al. (2002) who recorded
88.47% Apidae and 2.65% Halictidae. Similar ob-
servations were found by JApHAV ef al. (2011) and
SATYANARAYANA and SEETHARAM (1982) who record-
ed Apidae in high numbers. However, they showed
that the relative abundance of 4. dorsata was higher
than that of other Apis species. They also did not
record A. florea and A. mellifera specimens in their
experiment. In our study A. mellifera was abundant
visitor on sunflower, while 4. dorsata was 2™ in rank
followed by 4. florea and A. cerana. The same authors
did not record any species from family Halictidae.
Dmvitrov et al. (1992) found that Apis bees were ef-
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ficient pollinators of sunflower. These findings were
also confirmed by NDErITU ef al. (2008).

The activity and density of 4Apis bees on sun-
flower were high at 12:00 pm to 02:00 pm in the
tested fields. Mean numbers of A. mellifera had the
highest relative abundance compared to other bee
species. These findings were in line with NDERITU
et al. (2008) who found that the relative abundance
peak of Apis bees was at 12:00 pm. SCHINOHARA et
al. (1987) also concluded that 4. mellifera were the
most frequent bees mainly during the afternoon tim-
ings. KasiNa et al. (2007) recorded the peaked densi-
ty of Apis on sunflower between 10:00 am and 02:00
pm. Unlike our observations Kumar et al. (1994)
recorded peak periods of 4. mellifera between 09:00
am and 11:00 am in India. In the present study A.
mellifera had high relative abundance followed by
A. dorsata, A. florea and A. cerana. KuMmAR et al.
(2005) also observed that A. mellifera was dominant
visitor/pollinator on sunflower. They recorded maxi-
mum foraging activity at 11:00 am, which is partially
matching our findings. The reason for the recorded
differences may be the observation months: their
study was carried out in January and February while
our observations were done in June and July. Another
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Table 3. Relative abundance of Apis spp. at 2" sunflower field at Swabi, Pakistan, during flowering season, 2013

Time of Observation
(Hours)
Weeks | Species 08:00am | 10:00am | 12:00pm | 02:00pm | 04:00pm Mean Temp Humidity
Apis mellifera 42.4 52.1 60.8 58.5 39.3 50.6a
Ist A. florea 14.2 18.8 23.7 20.1 11.4 17.6¢ 36 °C 52%
A. dorsata 18.2 26.7 314 29.9 19.5 25.1b
A. cerana 6.1 12.4 16.6 17.4 11.1 12.7d
Mean 20.2¢ 27.5a 33.1a 31.4a 20.3¢
A. mellifera 38.7 46.3 59.4 61.2 42.6 49.6a
2nd A. florea 11.9 17.7 25.4 21.2 14.3 18.1¢ 41°C 46%
A. dorsata 16.2 28.4 34.4 32.5 20.5 26.4b
A. cerana 7.3 11.6 18.1 15.2 9.1 12.2d
Mean 18.5¢ 26.0a 34.3a 32.5a 21.6¢
A. mellifera 41.1 49.8 56.7 62.4 38.5 49.7a
3rd A. florea 9.2 11.3 15.1 16.2 12.3 12.8¢ 34°C 56%
A. dorsata 15.4 20.1 18.8 20.5 18.5 18.6b
A. cerana 6.4 9.8 11.1 9.2 8.7 9.0d
Mean 18.0c 22.7a 25.4a 27.0a 19.5¢
A. mellifera 324 41.8 49.6 50.1 341 41.6a
4t A. florea 6.9 12.4 13.5 12.8 10.6 11.2¢ 39°C 64%
A. dorsata 12.4 18.7 19.1 14.3 10.2 14.9b
A. cerana 7.1 8.9 8.1 7.5 6.4 7.6d
Mean 14.7¢ 20.4c 22.5a 21.1b 15.3¢

Standard error of a mean (Time/hours) 0.93
Standard error (Time/ hours) 1.32

Standard error of a mean (Species) 0.81
Standard error (Comparison of two means) (Species) 1.14

* Means followed by the same letter in columns or rows are non-significant at 5% level of probability

inconsistency between our studies and the results of
KuMar et al. (2005) was the relative abundance of
A. cerana. The recorded abundance of 4. cerana was
higher compared to 4. dorsata and A. florea, while in
our findings A. cerana population was significantly
less abundant than other Apis bees. This may be due
to the distribution of 4. cerana in the area, which is
common in hilly areas in Pakistan and the experi-
ment was conducted at plain areas where A. dorsata
nests are frequently distributed.
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