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Comparacion de abejas silvestres en la polinizacién de frutilla en Bahawalpur, Pakistan

I  RESUMEN. Las abejas silvestres, Apis dorsata Fabricius, 1793 y Apis florea Fabricius, 1787 constituyen una
gran parte de la abundancia de polinizadores en la mayoria de las especies de cultivos en Punjab, Pakistan.
En el presente estudio, se evalud el comportamiento de forrajeo de ambas especies de abejas meliferas y se
determind su rol en el rendimiento reproductivo de la fresa en la granja de The Islamia University of
Bahawalpur. Ambas especies aportan el 53% de la abundancia total de polinizadores. Apis florea presentd
una alta frecuencia de visitas (0,449+0,03 individuos por 120 segundos) en comparacion con A. dorasta
(0,211+0,02). La actividad de A. florea fue la maxima a las 12:00 pm, mientras que A. dorsata se mantuvo
activa en baja abundancia durante todo el dia. Apis florea exhibié un mayor tiempo de estadia pero una tasa
de visitas mas baja que A. dorsata. Apis dorsata demostrd ser un polinizador mas eficaz de la fresa en lugar
de A. florea en términos de longitud, peso y didametro de la fruta. Existe la necesidad de conservar las abejas
silvestres bajo el escenario actual de cambios antropogénicos en el uso de la tierra e intensificaciéon en la
agricultura.

PALABRAS CLAVE. Abejas meliferas. Abejas nativas. Efectividad de visita individual. Fresa. Polinizacion.

I ABSTRACT. The wild honeybees, Apis dorsata Fabricius, 1793 and Apis florea Fabricius, 1787 constitute a
large proportion of pollinators’ abundance on most crop species in Punjab, Pakistan. In the present study, we
studied the foraging behavior of both the honeybee species and their comparative role in the reproductive
performance of the strawberry at the research farm of The Islamia University of Bahawalpur. Both the species
comprised 53% of the total pollinators’ abundance. Apis florea had high visitation frequency (0.449+0.03
individuals per 120 seconds) than A. dorsata (0.211+0.02). The activity of A. florea was the maximum at 12:00
pm while A. dorsata remained active in low abundance throughout the day. Apis florea exhibited a higher stay
time but a lower visitation rate than A. dorsata. Apis dorsata proved to be an effective pollinator of the
strawberry rather than A. florea in terms of fruit length, weight and diameter. There is a need to conserve wild
honeybees under the current scenario of anthropogenic land use changes and intensification in agriculture.

KEYWORDS. Honey bees. Native bees. Pollination. Strawberry. Single visit effectiveness.

INTRODUCTION Bees .are considered a§ potential poIIinaths becausg they
can visit the plants during peak hours with the maximum

Pollination is an essential ecosystem service responsible abundance and the highest stay time (Willmer et al.,
for reproducing flowering plants and producing one-third of 2017). Thanks to their fine body hairs, bee pollinators can
the human diet (Klein et al., 2007; Partap et al., 2012). transfer the pollen grains more efficiently than other
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pollinators (Karunaratne & Edirisinghe, 2006). Thus, bee
pollination improves the commercial value of most fruits,
including strawberry, in terms of their post-harvest
features (e.g. shelf life, weight, firmness, color, sugar
contents etc.), size, shape and weight (Garibaldi et al.
2014; Klatt, 2013).

Bees worldwide are declining due to degradation of the
natural habitats and the intensification of agriculture
(Orford et al., 2015). Contrary to this general perception,
Aizen et al. (2022) proposed in their recent findings that
the agricultural intensification has led to the increased
global food supply during last six years. However, they still
warned that the global pollination capacity could be
drastically reduced in coming decades, as the
environmental costs of agricultural intensification outweigh
its production benefits. The intensification in agriculture is
inevitable due to ever increasing human populations.
However, the recent concept of ecological intensification
suggests that there are many farm management practices
that can contribute to mitigating the drivers of pollinator
decline e.g., using compost or manure, agro-forestry,
reduced or no-till and crop rotation etc. (Kovacs-
Hostyanszki et al. 2017).

Both the wild and managed honeybees are essential
pollinators in any agro-ecosystem and protecting them is
important for the sustainable ecological services (Hristov
et al.,, 2020). It is assumed that more Apis mellifera
Linnaeus, 1758 as an introduced species is always better
for crop yield world-wide; however, Rollin & Garibaldi
(2019) suggested that beyond an optimum visitation rate
they can even be detrimental for crop productivity.
Therefore, crop specific recommendation of A. mellifera
should be followed keeping in view the ecological structure
of the surroundings. In the strawberry crop, to have the
optimum fruit production, pollen transported by bees is
necessary (Chagnon et al., 1989). Wild bees can be more
effective pollinators of many agriculture crops and wild
plants than managed honeybees in terms of fruit and seed
sets (Garibaldi et al., 2014). Many fruit growers rely on
solitary bees like Osmia lignaria Say, 1837 and Megachile
rotundata (Fabricius, 1787) for pollination in different
countries (Joshi et al., 2011, Park et al., 2018). Presence
of solitary bees usually improves the pollination efficiency
of honeybees (Greenleaf & Kremen, 2006).

The behavioral attributes of pollinators such as visitation
rate, visitation frequency, pollen deposition and nectar
theft, affect the key function in crop pollination (lvey et al.,
2003; Fenster et al., 2004). For instance, the number and
length of floral visits can raise the amount of pollen
deposition on stigma (Kudo, 2003). The visitation rate of
bees is an important factor for pollination; more visits, the
better the pollination will be (Proctor et al., 1996).
However, exceeding the optimum visitation level can even
be detrimental for crop productivity (Rollin & Garibaldi,
2019). On the other hand, the visitation rate of pollinators
is affected by temporal variation in the production of the

nectar and pollen (Thomson & Thomson, 1989). The
single visit efficiency —in terms of pollen deposition and
fruit set- is the most important tool to know the relative
pollination effectiveness of different available pollinators
(Inouye et al.,, 1994). Flowers of all existing strawberry
cultivars are self-compatible and hermaphrodite
(McGregor, 1976). Poor pollination is one of the main
causes of deformity in strawberry. Carew et al. (2003)
suggested that at least 70-80% of carpels must be
pollinated to develop fruit normally. Maclnnis & Forrest
(2019) reported that strawberry fruits pollinated by native
bees were denser in weight than those pollinated by
managed honeybees.

The arid climate of Bahawalpur, Punjab, Pakistan does
not favor A. mellifera, therefore, beekeeping is not a trend
(Ali et al. 2020). Some recent studies have shown that
native Apis dorsata Fabricius, 1793 and Apis florea
Fabricius, 1787 constitute between 30 to 80 % of the total
pollinators’ abundance in various crops and play a vital
role in pollination of many agricultural crops i.e., canola,
radish, falsa, bitter gourd and pumpkin etc. (Ali et al. 2011,
Saeed et al. 2012; Ali et al. 2014; Zameer et al. 2017,
Akram et al. 2022). It seems to be an excellent choice to
conserve wild native pollinators and basic studies must be
conducted regarding the biology of these species including
foraging and nesting behaviors (Sajjad et al., 2008). The
present study aimed to analyze the role of the most
abundant native honeybees (A. dorsata and A. florea) in
strawberry pollination in terms of their behavior and single
visit effectiveness. The comparison between different
pollination methods such as open-pollination and self-
pollination, was also performed.

MATERIAL AND METHODS

Study area and plant material. The present research
was carried out at the research farm of The Islamia
University of Bahawalpur (IUB), Punjab, Pakistan
(29°22'16.3"N 71°45'52.9"E; 181 meters above sea level).
Strawberry plants, Fragaria x ananassa, Duch.
(Rosaceae) were sown in mid-October. The study lasted
from mid-December to mid-March (from onset of flowering
to harvest). District Bahawalpur is situated in southern
Punjab which is featured by cold winters and hot
summers. The area’s climate is arid with average annual
rainfall of 83-218 mm and average daily minimum and
maximum temperatures of 18.8°C and 33.5°C, respectively
(Ahmad et al., 2019).

Foraging behavior of pollinators. Visitation
frequencies (number of bees visiting a specific plant in 120
seconds), visitation rate (number of flowers visited by an
individual bee in 120 seconds) and stay time (an
individual’s time spent on a flower during its single visit) of
both the honeybee species were recorded throughout the
flowering period with three-day intervals. On each
observation day, we recorded data from 8.00 am to 4:00
pm with two hours of breaks (five censuses in an
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observation day). For recording visitation frequencies,
during each census, ten plants were randomly selected
and each plant was observed for 120 seconds and
counted the number of floral visitors on wings. For
recording visitation rate, during each census, ten
individuals of each species were chased and recorded the
number of flowers visited in 120 seconds. Similarly, for
recording stay time, during each census, ten individuals of
each species were observed for the time spent on a flower
in a single visit. During 12 observation days, a total of 180
such censuses were performed i.e., 60 censuses each for
visitation frequency, visitation rate and stay time. Three
observers recorded that data with net observation time of
60 hours i.e., 20 hours each for behavior. For recording
the foraging behaviors, a stopwatch was used (Akram et
al., 2019) and visits were considered only when the bees
made contact with the reproductive parts of the flowers.

Pollination effectiveness. We randomly caged 30
unopened flower buds on 30 plants with nylon mesh bags
to measure the single-visit efficacy of wild honeybees.
They were un-caged during their peak activity hours of
pollinators and then re-caged after a single visit had been
made. Fifteen such observations were recorded each for
A. dorsata and A. florea. The percent fruit set was
recorded and upon the maturity, the resultant fruit length,
fruit weight and fruit diameter was measured as a proxy of
their pollination effectiveness in a single visit. Strawberry
fruit length and diameter in centimeters were recorded
using a digital Vernier caliper, and fruit weight was
measured in grams using electronic weight balance. For
the comparison, fifteen un-opened flowers were caged
with nylon mesh bags (self-pollination) and other 15 flower
buds were tagged only and kept exposed to unrestricted
insect visitation (open-pollination).

Statistical analysis. A rank abundance curve was
drawn (using log series) to visualize pollinator community
structure based on their relative abundance. The diurnal
dynamic patterns of foraging behaviors were visualized
through simple line graphs. Both the honeybee species'
visitation frequency, visitation rate and stay time were
compared using Generalized Linear Model (GLM). The
dependent variable included visitation frequency, visitation
rate and stay time. Plants were the random variables since
they were selected randomly in each census and
honeybees were the fixed factors. We used Poisson
distributions with linear-log link functions. Kruskal-Wallis
test was applied to see the significant difference among
four pollination treatments (open-pollination, self-
pollination and single visits of A. florea and A. dorsata) in
fruit weight, fruit length and fruit diameter. The means of
ranks were compared among treatments using Dunn’s
post hoc test at alpha 0.05. Statistical analysis was
performed with SPSS Version 25.0 statistic software
package.

RESULTS

Visitors’ profile. The rank abundance curve showed
that A. dorsata was a more abundant floral visitor (271
individuals) than A. florea (127). Both comprised 53.50 %
of the total floral visitors (743 individuals) (Fig. 1). Other
floral visitors included two more bee species
(Hymenoptera) i.e. Lasioglossum sp. Curtis, 1833,
Sphecodes sp. Latreille, 1804 and five true fly species
(Diptera) i.e., Eupeodes corollae (Fabricius, 1794),
Episyrphus balteatus (De Geer, 1776), Ischiodon
scutellaris (Fabricius, 1805), Syrphus ribesii Linnaeus,
1758 and Eristalinus aeneus (Scopoli, 1763).
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Fig. 1. Rank abundance curve of floral visitors of the
strawberry crop at the research farm of IUB, Bahawalpur
(Punjab), Pakistan. Names of most abundant visitors are
mentioned.

Foraging behavior. The activity of both the bees started
somewhere around 8:00 am. The visitation frequency of A.
florea gradually increased until 12:00 pm followed by a
sharp decline until 4:00 pm. Apis dorsata, on the other
hand, remained active in a low abundance throughout the
observation hours. The stay time of A. dorsata never
exceeded that of A. florea throughout the observation
hours (Fig. 2). The stay time of A. florea reached the
maximum (32.40+4.81 seconds) at 12:00 pm, while for A.
dorsata the maximum (14.89+1.83 seconds) was obtained
at 2:00 pm. Similarly, the visitation rate of A. florea never
exceeded that of A. dorsata. The visitation rate of A.
dorsata reached a peak (12.73+2.20 flowers per 120
seconds) at 10:00 am, while A. florea did it at 4:00 pm
(5.74+0.58 flowers per 120 seconds, Fig. 2). Results of the
GLM showed that A. florea exhibited significantly higher
stay time (26.44+2.46 seconds per flower; P< 0.000) and
visitation frequency (0.45+0.029 flowers per 120 seconds;
P< 0.000) but lower visitation rate (4.67+0.24 flowers per
120 seconds; P< 0.000) than A. dorsata (Fig. 3).




Revista de la Sociedad Entomolégica Argentina 82 (3): 1-8, 2023

1.00 —o— Apis dorsata —— Apis florea
0.90
0.80 a
0.70
0.60
0.50
0.40
0.30
s Beseg o
0.10
40.00
35.00
30.00
5 25.00
& 20.00

1500 H//k/’*\
10.00

16.00
14.00 €
12.00
10.00
8.00 {
6.00
4.00 i_—*\?——*//i

2.00

No. of individuals/120 seconds

No. of flowers/120 seconds

8:00AM  10:00AM  12:00PM  2:00PM  4:00PM
Fig. 2. Diurnal dynamic pattern of (a) visitation frequency, (b)

stay time and (c) visitation rate of A. dorsata and A. florea at
the research farm of IUB, Bahawalpur (Punjab), Pakistan.

Pollination effectiveness. The single visits of A.
dorsata and A. florea resulted in 80% and 60% fruit sets,
respectively as compared to 100% fruit set in open
pollinated flowers. Kruskal-Wallis test showed a significant
difference in fruit weigh (K obs.= 31.9, P< 0.0001), length
(K obs.= 19.87, P< 0.0001) and diameter (K obs.= 25.52,
P< 0.0001) among four pollination treatments i.e., single
visit of A. dorsata, single visit of A. florea, open-pollination
and self-pollination. Box-and-whisker plots of fruit weight,
length and diameter showed that although the data was
highly scattered and skewed, single visit of A. dorsata
produced significantly heavier, longer and wider fruits
(10.93+0.89 g, 2.60+0.11 cm and 2.36+0.14 cm,
respectively) than those pollinated by A. florea (5.47+0.27
g, 2.49+0.09 cm and 1.74+0.06 cm, respectively). The
minimum fruit weight, length and width were recorded in
self-pollination treatment (2.13+0.87 g, 0.90+0.34 cm and
0.67+0.26 cm, respectively) while the maximum in open-
pollination treatment (13.47+1.91 g, 2.79+0.38 cm and
2.56£0.35 cm, respectively) (Fig. 4). There was a
significant positive relationship between fruit weight, width
and diameter (Table 1).
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Fig. 4. Box-and-whisker plot of strawberry (a) fruit weight, (b)
length and (c) diameter obtained in different pollination
treatments.

Table I. Pearson’s correlation coefficients among yield
attributing components of strawberry fruits.

Weight (g) Length (cm)
Length 0.843*
Diameter 0.898* 0.882*

*Correlation significant at the 0.05 level.

DISCUSION

In the present study, A. florea and A. dorsata comprised
53.50 % of the total floral visitors. Other floral visitors
included two more bee species (Hymenoptera) and five
true fly species (Diptera). The actinomorphic open flowers

of strawberry offer pollen and nectar along with a landing
platform of white petals. This generalized structure of the
strawberry blossom welcomes a wide array of pollinator
groups, e.g., bees, flies and beetles (Nye & Anderson,
1974; Woo et al., 1986; Abrol, 1989; Abrol et al., 2019;
Widhiono, 2020). Sajjad et al. (2017) conducted a year-
around survey of A. dorsata and A. florea in the study
area. They found that both the species constituted 44.36
% of pollinating bee visits. They noticed eight hives of A.
dorsata within 25 acres in the study area while they
needed clarification about the number of A. florea hives,
as they were smaller and mostly built combs within thick
vegetation. The size and quality of semi-natural habitats
significantly affect the bee abundance in adjacent
agricultural landscapes (Maurer et al., 2022).

In Pakistan, both, A. dorsata and A. florea have been
reported as efficient and the most abundant pollinators of
canola, onion, fodders and bitter gourd (Sajjad et al.,
2008; Sajjad et al., 2009; Saeed et al., 2012; Ali et al.,
2011). Since honeybees contribute 70-80 % of insect
pollination, the loss of honeybees therefore can
significantly affect the overall pollination process (Carreck
& Williams, 1998). Several investigators have reported
that managed honeybees (A. mellifera) contribute for
about 63 to 80 % of pollination in strawberry crop (Nye &
Anderson, 1974; Pion et al., 1980; Abrol, 1989). However,
strawberry blossoms may face competition from
pollinators with other nearby crops or natural vegetation
(Currie, 1997; McGregor, 1976). A sharp decline in natural
honeybee colonies has been observed during the last two
decades in subcontinent, probably due to increased
pesticide usage and the destruction of natural habitats
(Sihag, 2014). In a recent continent level analysis, Zattara
& Aizen (2021) showed a clear signal of bee decline in
Europe and North America, affirming the existing local,
national, and sub-continental levels reports on pollinators
decline.

The foraging activity of bees started around 8:00 am.
The visitation frequency of A. florea gradually increased
until 12:00 pm while A. dorsata gradually increased until
2:00 pm followed by a sharp decline until 4:00 pm. The
already published literature from the study area suggests
that the activity of A. dorsata and A. florea starts at 10:00
h, 6:00 h, 7:00 h during winter, spring and summer
seasons, respectively, whereas their peak activity is
attained at 12:00 to 14:00 h, 10:00 to 12:00 h and 8:00 to
09:00, respectively (Sajjad et al., 2008; Ali et al., 2011; Ali
et al., 2016). Seasonal population fluctuations of Apis are
influenced by biotic (humber of flowering plant species and
total floral abundance) and abiotic (relative temperature
and humidity) factors (Farooqi et al. 2021).

We observed a significant difference in the stay time and
visitation rate between A. dorsata and A. florea. The stay
time of A. florea was higher than A. dorsata and vice versa
in the visitation rate. Villalobos & Shelly (1996) found that
A. florea had a lower visitation rate but more extended
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stay time than A. dorsata at Chinese violets. Some
previous studies confirm significantly higher visitation rate
of A. dorsata as compared to A. florea in onion (Sajjad et
al., 2008), canola (Ali et al., 2011) and pumpkin (Ali et al.,
2014). Zameer et al. (2017) reported a lower visitation rate
of A. dorsata than A. florea in radish. In contrast, Saeed et
al. (2012) did not find any significant difference between
visitation rates of two honeybees in bitter gourd. Bee
species that are intensive foragers (having high foraging
rates) usually work at a rapid pace but stay for a shorter
period on each flower than species with less foraging rates
(Sajjad et al., 2008; Ali et al., 2011; Ali et al., 2014; Ali et
al., 2016; Zameer et al., 2017; Faroogi et al., 2021).
Longer stay time on flower is not always beneficial as it
leads to low visitation rate and poor pollen dispersal, while
shorter stay time leads to high visitation rates and more
out-crossing (Ali et al., 2011). However, not always a high
visitation rate guarantees more pollen deposition. Many
species with high visitation rates could be poor pollen
depositors due to other foraging behaviors and
morphology (Engel & Irwin, 2003).

Apis dorsata prefers large-sized sucrose-based flowers,
while A. florea prefers flowers with glucose and fructose
(Abrol, 2016) however, energy costs and rewards show
that the larger A. dorsata forage flowers provide a higher
energy reward than A. florea (Abrol, 2016). Pollen load
and harvest are crucial for good pollination (Canto-Aguilar
& ParraTabla, 2000). Taxa of different body types carry
different pollen loads and behave differently on
inflorescence heads (Chagnon et al., 1993; Hoehn et al.,
2008). According to reports, wild bees of the family Apidae
have the vitality to collect pollen and nectar (Widhiono &
Sudiana, 2017). Wietzke et al., (2018) pointed out that the
uniform distribution of pollen on strawberry stigmas is
essential for fruit development, and the minimum threshold
of pollen required for each stigma is also important.
Therefore, under the lack of these conditions, deformities
may occur.

In reference to pollination effectiveness, flowers
pollinated in single visits of A. dorsata produced
significantly heavier, longer and wider fruits than that of A.
florea. Some previous studies have also reported that
pollination affects the yield and is responsible for various
physiological processes that increase fruit quality and the
commercial value of many pollinator-dependent crops
(Wietzke et al., 2018). For better and higher quality fruit
set in the strawberry crop, the success of pollination
should be 90% which has been confirmed in the previous
studies (Ozbek, 2008). Adhikari & Miyanaga (2016)
reported higher quality large fruits from cross-pollinated
strawberry plants than fruits from self-pollinated plants.
Sharma et al. (2014) observed significant changes in fruit
length, fruit width (2.40-2.80 cm) under bee pollination in
enclosure and open pollination (1.96-2.43 cm) in
strawberry cultivars. Tuohimetsa et al. (2014) observed

that in cross-pollinated varieties Ria and Malling Opal, the
length and width of the berries were larger.

We conclude that native honeybees play a significant
role in pollination of strawberry owing to their foraging
behavior and single the visit efficiency in terms of plant
reproductive performance. In order to maintain sustainable
strawberry cultivation, there is a need to conserve and
enhance wild honeybees in southern Punjab, as weather
does not support managed honeybees in this part of the
country. Future studies should focus on determining other
efficient native bee species and their conservation
strategies for sustainable strawberry production in
Pakistan.

REFERENCES

Abrol, D. P. (1989) Studies on ecology and behaviour of
insect pollinators frequenting strawberry blossoms and
their impact on vyield and fruit quality. Tropical
Ecology, 30, 96-100.

Abrol, D.P. (2016) Foraging Strategies in Honeybees, Apis
dorsata F. and Apis florea F. in Relation to Availability
of Energy Rewards. Journal of Apiculture, 31, 9-18.

Abrol, D.P., Gorka, A.K., Ansari, M.J., Al-Ghamdi, A., & Al-
Kahtani, S. (2019) Impact of insect pollinators on yield
and fruit quality of strawberry. Saudi Journal of
Biological Sciences, 26, 524-530.

Adhikari, R.D., & Miyanaga, R. (2016) Utilization of hairy
footed flower bee Anthophora plumipes (Hymenoptera:
Apidae) for pollination of greenhouse
strawberry. Advanced Entomology, 4, 25-31.

Ahmad, A., Khan, M.R., Shah, S.H.H., Kamran, M.A.,
Wajid, S.A., Amin, M., Khan, A., Arshad, M.N.,
Cheema, M.J.M., Saqgib, Z.A., Ullah, R., Ziaf, K., Ul
Hag, A., Ahmad, S., Ahmad, |., Fahad, M., Wagas,
M.M., Abbas, A., Igbal, A., Pervaiz, A., & Khan |.A.
(2019) Agro-ecological zones of Punjab, Pakistan.
Rome, FAO.

Akram, W., Sajjad, A., Ali, S., Farooqi, M.A., Mujtaba, G.,
Ali, M., & Ahmad, A. (2019) Pollination of Grewia
asiatica (Malvaceae) by Megachile cephalotes
(Hymenoptera: Megachilidae): Male vs. Female
Pollination. Sociobiology, 66, 467-474.

Akram, W., Sajjad, A., Ali, M, Ahmad, A., Ali, |., Saddiq,
B., Yasin, M., & Aqueel, M.A. (2022) Comparative
effectiveness of wild bee pollination on the post-
harvest characteristics of Grewia asiatica (Malvaceae).
Journal of Asia-Pacific Entomology, 25,101958.

Ali, M., Saeed, S., Sajjad, A., & Whittington, A. (2011) In
search of the best native pollinators for canola
(Brassica napus L.) production in Punjab, Pakistan.
Applied Entomology and Zoology, 46, 353-361.

Ali, M., Saeed, S., Sajjad, A., & Bashir, M.A. (2014)
Exploring the Best Native Pollinators for Pumpkin




SAJJAD, A. et al. Pollination of strawberries in Pakistan

(Cucurbita pepo) production in Punjab, Pakistan.
Pakistan Journal of Zoology, 46, 531-539.

Ali, M., Saeed, S., & A Sajjad, A. (2016) Pollen deposition
is more important than species richness for seed set in
Luffa Gourd. Neotropical Entomology, 45, 499-506.

Ali, M, Sajjad, A., Farooqi, M.A., Bashir, M.A., Aslam,
M.N., Nafees, M., Aslam, M.N., Adnan, M., & Khan,
K.A. (2020) Assessing indigenous and local knowledge
of farmers about pollination services in cucurbit agro-
ecosystem of Punjab, Pakistan. Saudi Journal of
Biological Sciences, 27(1), 189-194.

Aizen, M.A., Garibaldi, L.A., & Harder, L.D. (2022) Myth
and reality of a global crisis for agricultural pollination.
Ecologia Austral, 32, 698-715.

Canto-Aguilar, M.A., & Parra-Tabla, V. (2000) Importance
of conserving alternative pollinators: assessing the
pollination efficiency of the squash bee, Peponapis
limitaris in Cucurbita moschata (Cucurbitaceae).
Journal of Insect Conservation, 4, 203-210.

Carew, J.G., Morretini, M., & Battey, N.H. (2003)
Misshapen fruits in strawberry. Small Fruits Review, 2,
37-50.

Carreck, N.L., & Williams, I.H. (1998) The economic value
of bees in the UK. Bee World, 79, 115-23.

Chagnon, M., Gingras, J., & De-Oliveira, D. (1989) Effect
of honey bee (Hymenoptera: Apidae) visits on the
pollination rate of strawberries. Journal of Economy
and Entomology, 82, 1350-1353.

Chagnon, M., Gingras, J., & De-Oliveira, D. (1993)
Complementary Aspects of Strawberry Pollination by
Honey and IndigenQus Bees (Hymenoptera). Journal
of Economic Entomology, 86, 416-420.

Currie, RW. (1997) Pollination constraints and
management of pollinating insects for crop production.
Pollen biotechnology for crop production and
improvement (ed. Shivanna, K.R., & Sawhney, V.K.),
pp. 121-151. Cambridge University Press, Wiltshire,
UK.

Engel, E.C., & Irwin, R.E. (2003) Linking pollinator
visitation and rate of pollen receipt. American Journal
of Botany, 90(11), 1612-1618.

Farooqgi, M.A., Aslam, M.N., Sajjad, A., Akram, W., &
Magsood, A. (2021) Impact of abiotic factors on the
foraging behavior of two honeybee species on canola
in Bahawalpur, Punjab-Pakistan. Asian Journal of
Agricultural Biology,
https://doi.org/10.35495/ajab.2020.06.373

Fenster, C.B., Armbruste, W.S., Wilson, P., Dudash, M.R.,
& Thomson, J.D. (2004) Pollination syndromes and
floral specialization. Annual Review of Ecology,
Evolution, and Systematics, 35, 375-403.

Garibaldi, L.A., Carvalheiro, L.G., Leonhardt, S.D., Aizen,
M.A., Blaauw, B.R., Isaacs, R., Kuhlmann, M., Kleijn,
D., Klein, A.M., Kremen, C., Morandin, L., Scheper, J.,
& Winfree, R. (2014) From research to action:

Enhancing crop yield through wild pollinators. Frontiers
in Ecology and the Environment, 12(8), 439-447.
https://doi.org/10.1890/130330.

Greenleaf, S.S., & Kremen, C. (2006) Wild bees enhance
honey bees’ pollinaton of hybrid sunflower.
Proceedings of the National Academy of Sciences of
the United States of America, 103(37), 13890-13895.
https://doi.org/ 10.1073/pnas.0600929103.

Hoehn, P., Tscharntke, T., Tylianakis, J.M., & Steffan-
Dewenter, |. (2008) Functional group diversity of bee
pollinators increases crop vyield. Royal Society's
Flagship Biological Research Journal, 275, 2283-2291.

Hristov, P., Neov, B., Shumkova, R., & Palova, N. (2020)
Significance of Apoidea as Main Pollinators. Ecological
and Economic Impact and Implications for Human
Nutrition. Diversity, 12, 280.

Inouye, D.W., Gill, D.E., Dudash, M.R., & Fenster, C.B.
(1994) A model and lexicon for pollen fate. American
journal of Botany, 81, 1517-1530.

lvey, C.T., Martinez, P., & Wyatt., R. (2003) Variation in
pollinator effectiveness in swamp milkweed, Asclepias
incarnata (Apocynaceae). American Journal of Botany,
90, 214-225.

Joshi, N.K.; Biddinger, D.; Rajotte, E.G. (2011) A survey of
apple pollination practices, knowledge and attitudes of
fruit growers in Pennsylvania. In Proceedings of the
10th International Pollination Symposium, Puebla,
Mexico.

Karunaratne, W.l.P., & Edirisinghe, J.P. (2006) Current
Status and Future Directions in Bee Taxonomy in Sri
Lanka. Fauna of Sri Lanka: Status, 12.

Klatt, B.K. (2013) Bee Pollination of Strawberries on
Different Spatial Scales-from Crop Varieties and Fields
to Landscapes. Dissertation, Niedersachsische Staats-
und Universitatsbibliothek, Géttingen.

Klein, A.M., Vaissiere, B.E., Cane, J.H., Steffan-Dewenter,
I., Cunningham, S.A., Kremen, C., & Tscharntke, T.
(2007) Importance of pollinators in changing
landscapes for world crops. Proceedings of the royal
society B: Biological Sciences, 274, 303-313.

Kovacs-Hostyanszki, A., Espindola, A., Vanbergen, A.J.,
Settele, J., Kremen, C., & Dicks, L.V. (2017) Ecological
intensification to mitigate impacts of conventional
intensive land use on pollinators and pollination.
Ecology Letters, 20(5), 673-689.

Kudo, G. (2003) Anther arrangement influences pollen
deposition and removal in hermaphrodite flowers.
Functional Ecology, 17(3), 349-355.

Maclnnis, G., & Forrest, J. R. (2019) Pollination by wild
bees vyields larger strawberries than pollination by
honey bees. Journal of Applied Ecology, 56, 824-832.

Maurer, C., Sutter, L., Martinez-Nufiez, C., Pellissier, L., &
Albrecht, M. (2022) Different types of semi-natural
habitat are required to sustain diverse wild bee
communities across agricultural landscapes. Journal of

7



Revista de la Sociedad Entomolégica Argentina 82 (3): 1-8, 2023

Applied Ecology, 59, 2604-2615.

https://doi.org/10.1111/1365-2664.14260

McGregor, S. E. (1976). Insect pollination of cultivated
crop plants (No. 496). Agricultural Research Service,
US Department of Agriculture.

Nye, W.P., & Anderson, J.L. (1974) Insect pollinators
frequenting strawberry blossoms and the effect of
honey bees on yeild and fruit quality. Journal of the
American Society for Horticultural Science, 99, 40.

Orford, K.A., Vaughan, I.P., & Memmott, J. (2015) The
forgotten flies: the importance of non-syrphid Diptera
as pollinators. Proceedings of the Royal Society B:
Biological Sciences, 282, 20142934.

Ozbek, H. (2008) Insect Species Visiting Turkey's
Temperate Climate Fruit Species. Uludag Bee
Magazine, 8, 92-103.

Park, M., Joshi, N., Rajotte, E., Biddinger, D., Losey, J., &
Danforth, B. (2018) Apple grower pollination practices
and perceptions of alternative pollinators in New York
and Pennsylvania. Renewable Agriculture and Food
Systems,  35(1), 1-14.  https://doi.org/10.1017/
S1742170518000145.

Partap, U., Partap, T., Sharma, H. K., Phartiyal, P.,
Marma, A., Tamang, N. B., Ken, T., & Munawar, M. S.
(2012). Value of insect pollinators to Himalayan
agricultural economies. ICIMOD, Kathmandu.

Pion, S., De Oliveira, D., & Paradis, R. O. (1980) Agents
pollinisateurs et productivité du fraisier ‘Redcoat’.
Phytoprotection, 61, 72-78.

Proctor, M., Yeo, P., & Lack, A. (1996) The natural history
of pollination. HarperCollins Publishers, London.

Rollin, O., & Garibaldi, L.A. (2019) Impacts of honeybee
density on crop yield: A meta-analysis. Journal of
Applied Ecology, 56, 1152-1163.

Sajjad, A., Saeed, S., & Masood, A. (2008) Pollinator
Community of Onion (Allium cepa L.) and its Role in
Crop Reproductive Success. Pakistan Journal of
Zoology, 40, 451-456.

Sajjad, A., Saeed, S., Muhammad, W., & Arif, M. J. (2009)
Role of insects in cross-pollination and yield attributing
components of Sesbhania sesban. International Journal
of Agricultural Biology, 11, 77-80.

Saeed, S., Malik, S.A., Dad, K., Sajjad, A., & Ali, M. (2012)
In Search of the Best Native Pollinators for Bitter
Gourd (Momordica charantia L.) Pollination in Multan,
Pakistan. Pakistan Journal of Zoology, 44, 1633-1641.

Sajjad, A., Ali, M., & Saeed, S. (2017) VYear-long
association of Apis dorsata and Apis florea with
flowering plants: planted forest vs. agricultural
landscape. Sociobiology, 64, 18-25.

Sharma, H.K., Gupta, J.K., Rana, B.S., & Rana, K. (2014)
Insect pollination and relative value of honey bee
pollination in  strawberry, Fragaria ananassa

Duch. International Journal of Farm Sciences, 4, 177-
184.

Sihag, R. C. (2014). Phenology of migration and decline in
colony numbers and crop hosts of giant honeybee
(Apis dorsata F.) in semiarid environment of Northwest
India. Journal of Insects,
http://dx.doi.org/10.1155/2014/639467

Thomson, J.D., & Thomson, B.A. (1989) Dispersal of
Erythronium grandiflorum pollen by bumble bees:
implications for gene flow and reproductive success.
Evolution, 43, 657-661.

Tuohimetsa, S., Hietaranta, T., Uosukainen, M., Kukkonen
S., & Karhu, S. (2014) Fruit development in artificially
self-and cross-pollinated strawberries (Fragaria x
ananassa) and raspberries (Rubus idaeus). Acta
Agriculture  Scand., Section B—Soil & Plant
Science, 64, 408-415.

Villalobos, E.M., & Shelly, T.E. (1996) Temporal and
Spatial variation in the foraging behavior of honey bees
(Hymenoptera: Apidae) at Chinese Violets. Florida
Entomologist, 79, 398-407.

Widhiono, I. (2020) Daily Activity of Wild Bee Pollinators
on Strawberry in Highland Agriculture, Eastern Slope
of Mount Slamet, Central Java. IOP Conference
Series: Earth and Environmental Science, 593,
012007.

Widhiono, I., & Sudiana, E. (2017) Preliminary test of agri-
environmental scheme implementation in farmland in
northern slope of Mount Slamet. AGRIVITA, Journal of
Agricultural Sciences, 39, 66-73.

Wietzke, A., Westphal, C., Gras, P., Kraft, M., Pfohl, K.,
Karlovsky, P., & Smit, I. (2018) Insect pollination as a
key factor for strawberry physiology and marketable
fruit quality.Agriculture, Ecosystems & Environment,
258, 197-204.

Willmer, P.G., Cunnold, H., & Ballantyne, G. (2017)
Insights from measuring pollen deposition: quantifying
the preeminence of bees as flower visitors and
effective pollinators. Arthropod-Plant Interaction, 11,
411-425.

Woo, K.S., Choo H.Y., & Choi, K.R. (1986) Studies on the
ecology and utilization of pollinating insects. The
Korean Journal of Apiculture, 1, 54-61.

Zameer, S.U., Bilal, M., Fazal, M.l., & Sajjad, A. (2017)
Foraging behavior of pollinators leads to effective
pollination in radish Raphanus sativus L. Asian Journal
of Agriculture Biology, 5, 221-227.

Zattara, E.E., & Aizen, M.A, (2021) Worldwide occurrence
records suggest a global decline in bee species
richness. One Earth, 4, 114-123.




