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Abstract: Foraging activity period of different honey bee species on C. moschata (C-1076) flowers at different day
hours during August-September (2013) revealed that A. dorsata, A. mellifera, A. cerana and A. florea initiated their
activity early in the morning at 0530, 0615, 0625 and 0630 h, respectively and stopped their activity at 1030, 1020,
1025 and 1030 h of the day, respectively while on C. moschata (C-1106, A. dorsata, A. mellifera, A. cerana and
A. florea initiated their activity early in the morning at 0535, 0615, 0620 and 0625 h, respectively and ceased their
activity at 1045, 1025, 1015 and 1040 h of the day, respectively. The mean foraging speed (time spent per flower) in
seconds on flowers of pumpkin (C-1106) was maximum of A. florea (181.72), followed by A. mellifera (7.15), A. cer-
ana (6.05) and A. dorsata spent least time (5.83) and in pumpkin (C-1076), foraging speed was maximum in case of
A. florea (178.71), followed by A. mellifera (7.63), A. cerana (6.24) and A. dorsata spent least time (6.06). The mean
foraging rate (flowers visited per minute) on flowers of pumpkin (C-1106) was maximum in case of A. dorsata (5.13),
followed by A. cerana (4.30), A. mellifera (4.16) and A. florea visited least flower (0.32) and in pumpkin (C-1076),
foraging rate was maximum in case of A. dorsata (4.96), followed by A. cerana (4.19), A. mellifera (4.02) and A.
florea visited least flower (0.33). Present study advises the farmers that they should not apply the pesticide when the
activity of honey bee is on the peak period because pesticides application at the time of bee activity in the field crop
causes mortality of bees.
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INTRODUCTION

Foraging behavior is one of the distinctive behesyiuf
honey bee species. This behavior is the link batwee

the honey bee colony and the ambient environment

Foraging behavior of pollinators collecting floral
resources on pumpkin flowers was arbitrarily didde
into three successive periods, based on the bess’ p
tions on squash flowers (e.g. pre-arrival at toevérs;
landing on the petal of the flowers; and lingerirenr
the stigma/ anther of the flowers).

The floral size and architecture &@. moschata i.e
large size petals with campanulate shape proviide su
able landing platform for bees. Slight scentedgliri
flowers attract the bees, especially under sunmgieo
tion, when the scent is dispersed far by solaratéaai.
Since the flowers are short lived and open onlyféor
hours, this period is very important for pollinatiof
this crops. The size and complexity of floral dagpl
used to advertise their location is one of the sdve
factors influencing the behavior of pollinators
(Goulson, 1999). The high male to female ratio
achieves the production of sufficient amount ofigol
deposits, thus aids in effective pollination. Fanag
activity of insect visitors showed mostly negatia-
relation with temperature and positive correlatidth

relative humidity on cloudy days and sunny days.
Rainy days showed negative correlation to tempegatu
both positive, negative correlation with relativentid-

ity in terms of insect activity. Elevated temperatu
may affect the plant pollinator interaction and ueel
the overall food production that leads to food isris
Food production could be increased with the help of
reducing the global warming (Pandietral., 2012).

MATERIALSAND METHODS

Studies were carried out at the Research farm gumid A
culture Laboratory of the Department of Entomology,
Chaudhary Charan Singh Haryana Agricultural Uni-
versity, Hisar during June to December, 2013 on two
cultivars of pumpkin viz., C-1076 and C-1106. Flowe
ing in pumpkin crop initiated during August-
September, 2013.

Determination of working behavior of the
pollinators: Initiation and cessation time of different
insect visitor’'s activity were recorded. Observatin

the insects pollinator's body contact with the a@nth
and /or stigma, whether working from the top of the
flower (top worker, bees that stand on the anther o
receptacle and push their tongue and frontal pfart o
their body toward nectaries and touch the stign@ an
or anther) or side of the flower (side worker, btes
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Deter mination of foraging rate of insect pollinators:
Foraging rate of four honey bee species was redorde
in terms of the number of flowers visited per mauA
total of ten bee of each species were observedefor
cording the number of flowers visited per minute at
peak activity time of particular species at peakvir-

ing period of the crop. The numbers of flowersteidi
per minute were recorded including the flying time
Fig. 1. Apis dorsata foraging Fig. 2. Apis florea foraging from one flower to another flower. Ten observations
on pumpkin flower. on pumpkin flower. were recorded for each honey bee species

push their tongue for obtaining nectar between theRESULTSAND DISCUSSION
stamen filament having gap while standing on petal
with meso and meta-thorasic legs) were also recorde
Ten individuals of each honey bee species were ob
served. The observations were recorded througheut t
flowering period of the crops.

Determination of foraging speed of the insect
pollinators. Foraging speed of honey bees were re-
corded in terms of time (seconds) spent by them o
each flower. A total of ten bees of each specieewe
observed for recording time spent (seconds) by the

per flower at peak flowering period of the crop.eTh till flowers closed (i.e between 1015 to 1045 A).

time spent to inject the proboscis and suck theanec dorsata. A mellifera. A. cerana and A. florea. started

or brushing/collecting pollen was considered as theforaging activity at 0530, 0615 h, 0620 and 0626f h
time spent per flower and the same was recorddud wit the day, respectively. Da'ta in tabie 1 also depiatA.

the he(;p of a chronometer having an accuracy of 0.0 dorsata ceased foraging activity at 1030 h of the day in
seconds. C-1076 cultivar. However in C-1106 cultivek, dor-

Foraging activity: Data pertaining to foraging activity
of four honey bee species @ moschata flowers are
presented in Table 1. From the observations néted,
was revealed that all the four honey bee spedies
Apis dorsata, A. mellifera, A. cerana and A. florea,
while foraging on pumpkin flowers were found to be
top workers.A. dorsata initiated foraging activity on
rbumpkin flowers little earlier in the morning when
compared withA. mellifera, A. cerana and A. florea,
"ind all the four honey bee species ceased th@itact

Table 1. Initiation and cessation activity time of four hgrieee species o@. moschata cultivars, (C-1076 and C-1106) during
peak flowering (September, 2013).

Activity time (hours)

Honey bee species Cultivar C-1076 Cultivar C-1106
Initiation Cessation* Initiation cessation*
Apis dorsata 0530 1030 0535 1045
Apis mellifera 0615 1020 0615 1025
Apis cerana 0620 1025 0620 1015
A. florea 0620 1030 0625 1040

*The cessation time was due to closing of flow@ise. honey bees visit the flowers till their closing

Table 2. Foraging speed of four honey bee speciesComoschata cultivar (C-1106) flowers at different hours ofetlday
during September, 2013.

Time spent per flower (seconds)

Honey beespecies 370530 0630-0730 0730-0830 0830-0930 0930-1030 M ean

Apis dorsata 6.32(2.72) 6.47(2.74) 6.01(250)  5.30(2.43)  5.04(2.68) 5.83(2.61)
Apis mellifera 8.28(3.04) 9.50(3.20) 6.17(2.67)  6.01(2.64)  5.79(2.60) 7.15(2.83)
Apis cerana 6.44(2.68) 6.57(2.70) 5.52(2.61)  5.44(2.46)  6.27(2.52) 6.05(2.61)
A florea 131.22(11.08) 191.67(13.01) 202.87(13.61) 216.71(14.28) 167.50(12.50) 181.72(12.90)
Mean 38.22(4.88) 53.55(5.41) 55.14(5.35) 58.36(5.45)  46.15(5.06)

Factors SE(m) SE(d) C.D.

Bee species 0.36 0.51 1.01

Day hours 0.40 0.57 N/S

Bee species X day 0.81 114 N/S

hours

Each value represents mean of 10 observationshtseanpling time; Figures in parenthesesvéne-1) transformed value.
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Table 3. Foraging speed of four honey bee specie€.anoschata cultivar (C-1076) flowers at different hours oéttlay during
September, 2013.

Time spent per flower (seconds)

Honey bee species 0530-0630 0630-0730 0730-0830 0830-0930 0930-1030 M ean

Apis dorsata 6.48(2.72)  654(2.74)  545(248)  558(251)  6.27(2.86) 6.06(2.63)
Apis mellifera 8.67(3.10)  9.57(321)  7.14(285)  6.97(2.82)  5.79(2.60) 7.63(2.91)
Apis cerana 6.74(2.75)  6.75(2.75)  6.30(2.62)  6.35(2.68)  5.04(2.45) 6.24(2.65)
A florae 129.14(10.91) 191.80(12.84) 196.82(13.38) 208.28(13.71) 167.50(12.50) 178.71(12.67)
Mean 37.76(4.87) 53.66(5.38) 53.93(533) 56.80(5.43)  46.15(5.06)

Factors SE(m) SE(d) C.D.

Bee species 0.39 0.39 (2.10)

Day hours 0.43 0.43 (N/S)

Bee species X day 0.87 0.87 (N/S)

hours

Each value represents mean of 10 observationshtseanpling time; Figures in parenthesesvéne-1) transformed value.

Table 4. Foraging rate of four honey bee speciesComoschata cultivar (C-1106) flowers at different hours oktbay during
September, 2013.

Flowersvisited per minute

Honey bee species

0530-0630 h 0630-0730 0730-0830 0830-0930 0930-1030 M ean

Apis dorsata 5.64(2.56) 4.38(2.24) 6.47(2.25)  4.67(1.60) 4.531p 5.13(2.19)
Apis mellifera 4.17(2.30) 4.36(2.45) 5.11(1.54)  3.69(2.72) 3.51%p 4.16(2.29)
Apis cerana 4.16(2.03) 5.09(1.49) 3.17(2.37)  4.51(2.16) 4.633p 4.30(2.08)
A florea 0.44(1.20) 0.29(1.12) 0.26(1.11)  0.26(1.11) 0.3%)1L 0.32(1.14)
Mean 3.60(2.06) 3.53(2.04) 3.75(2.08) 3.28(1.99) 25@.99)
Factors SE(m) SE(d) C.D.
Bee species 0.03 0.05 (0.10)
Day hours 0.04 0.05 (N/S)
Eee species X day 0.08 0.11 (0.23)

ours

Each value represents mean of 10 observationshtseanpling time; Figures in parentheses\éxe-1) transformed value

sata started foraging activity at 0535 h of the ddy,  Pernal and Currie (2010) reported a higher foraging
mellifera at 0615 hA. cerana at 0620 h and\. florea  rate mean during the afternoon period (36.02 fasdge
at 0625 hA. dorsata ceased foraging activity at 1045 h  min) than during the morn-ing period (17.66 forager
of the day followed byA. mellifera, A. cerana andA.  min). Yucel and Duman (2005) found that honey bee
florea. In both cultivars, honey bee species stoppedworkers visited onion flowers from 8.15 to 16.3@rd
foraging activity between 1015 to 1045 h at Hisaf b the peak foraging was between 11.00 to 12.00 ra-For
cause flowers of pumpkin closed during this period.  gers have the ability to remember the time of te at
general, foraging activity of diurnal insect poditors  which the higher food resources are available asdo
starts with sunrise. The flight activity and visite with Sysirinchium palmifolium plants (Silvaet al.,
rates of pollinators are influenced by anthesis and2013) and such ability may correlate with foraging
weather parameters like temperature, relative humid activity peaks.

ity, wind and rainfall (Fageri and Vander Pijl, 97  Foraging speed four honey bee species on C. mo-
Forbes and Cervancia, 1994; Kearns and Inouyeschata cultivar (C-1106) flowers during September,
1993). In Philippine, Deyto and Cervancia (2009) on2013: The data on foraging speed by four honey bee
bitter gourd reported that honey be®e (ellifera and  species orC. moschata cultivar (C-1106)flowers dur-

A. cerana) started foraging activity at 0600 h, while ing September, 2013 are depicted in Table 2. Time
Trigona sp. (Stingless bees) ahthlicuts sp. (Solitary  spent/flower by four honey bee species differed sig
bee) exploited the flower at 0630 h and other flowe nificantly. The mean foraging speed in casé\oflor-
visitor at around 0700 h. When foraging for poltem  sata during different hours of the day varied between
nectar, honey bees were on the top stamens in&uchs5,04 to 6.47 seconds followed By mellifera (5.79 to
way that their bodies were always in contact wite t 9.50 seconds)A. cerana (5.44 to 6.57 seconds) and
anthers. They would land directly on stamen or on167.50 to 216.71 seconds in case Af florea. The
petals and then walk toward top of the anther. Bone maximum mean time (181.72 seconds)/flower were
bee collecting nectar spent longer time on flol&es  spent byA. florea followed by A. mellifera (7.15 sec-
collected cucumber pollens heavily from 0800 to@00 onds),A. cerana (6.05 seconds) and. dorsata (5.83

h and nectar from 1000 to noon (Amaeghl., 1963).  seconds). Irrespective of different bee species, th
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Table 5. Foraging rate of four honey bee speciesComoschata cultivar (C-1076) flowers at different hours oéttay during
September, 2013

Flowersvisited per minute

Honey bee species 0530-0630  0630-0730 _ 0730-0830  0830-0930  0930-1030 M ean

Apis dorsata 5.36(249)  4.23(227)  6.33(2.69)  4.57(2.35)  4.31(2.27) 4.96(2.42)
Apis mellifera 4.03(221)  4.26(2.28)  4.91(2.41)  3.55(2.12)  3.37(2.41) 4.02(2.22)
Apis cerana 4.48(2.23)  4.94(2.41)  3.03(1.99)  4.37(229)  4.57(2.29) 4.19(2.59)
A florae 047(1.21)  0.30(1.13)  0.27(1.12)  0.25(1.15)  0.35(1.16) 0.33(1.14)
Mean 3.48(2.03)  3.43(2.02)  3.63(2.05)  3.18(1.97)  3.15(1.97)

Factors SE(m) SE(d) C.D.

Bee species 0.04 0.05 (0.11)

Day hours 0.04 0.06 (N/S)

Bee species X day hours 0.09 0.13 (0.26)

Each value represents mean of 10 observationshtseanpling time; Figures in parenthesesvéxe 1) transformed value

mean time spent during different day hours diffeaéd Foraging rate: The data on flowers visited/ minute by
5% significant level. The mean time spent irresipect four honey bee species dii moschata cultivar (C-

of the honey bee species during 0830 to 0930 heof t 1106) flowers have been presented in Table 4 redeal
day (58.36 seconds/flower) was higher than the timethat foraging rate of four honey bee species differ
spent during 0730 to 0830 h (55.14 seconds/flower)significantly at 5% level. Data on foraging rate
0630 to 0730 h (53.55 seconds/flower), 0930 to 1930 (number of flowers visited/ minute) &. dorsata var-
(46.15 seconds/flower) and 0530 to 0630 h (38.22 se ied from 4.38 to 6.47 during different hours of they.
onds/flower) of the day. These findings are in elos The figure ranged between 3.53 to 5.11 flowersaisec
proximity with the finding of Collison and Martin of A. mellifera, 3.17 to 5.09 flowers in case Af cer-
(1979) that the average timk dorsata spent on a anaand 0.26 to 0.44 in case Af florea. Among four
flower of cucumber was 11.4 seconds per flower tohoney bee species, the mean foraging rate wasdtighe
visit 5.3 flowers per minute. Girish (1981) fourttht  in case ofA. dorsata (5.13 flowers/minute) followed
A. cerana andA. dorsata spent 34 and 38 seconds per by A. cerana. (4.30 flowers/minute)A. mellifera (4.16
flower, respectively orCucurbita pepo L., while Fos-  flowers/minute) and it was lowest . florea (0.32
ter and Levin (1967) reported thAt cerana and A. flowers/minute). The mean flowers visited per menut
dorsata bees spent about 6.6 and 3.15 seconds pawvere maximum (3.75 flowers/minute) during 0730-
flower on two different strains of muskmelon, respe 0830 h followed by (3.60 flowers/minute) during 053
tively. 0630 h, (3.53 flowers/minute) during 0630-0730 d an
Foraging speed of four honey bee species on C. mo- (3.28 flowers/minute) during 0830-0930 h. It wagimi
schata cultivar (C-1076) flowers during September, mum (3.25 flowers/minute) during 0930-1030 h of the
2013: The data on foraging speed, i.e time spent/day. Foraging rate of forager is influenced by an€o
flower in seconds by four honey bee speciesCon plex system of factor like temperature and length o
moschata cultivar (C-1076)lowers during September, corolla tube (Benedek, 1976). Collison and Martin
2013 . differed at 5% significant level signifithn  (1979) reported that except in early morning arnd la
(Table 3). The mean foraging speed (time spentétow afternoon, the average time a bee spent on cucumber
in seconds) during different hours of the day isecaf ~ flower decreased throughout the day. The average
A. dorsata varied from 5.45 to 6.54 seconds followed time, 11.4 seconds per flower visit correspondsato
by A. mellifera (5.79 to 9.57 second9), cerana (5.04  foraging rate of 5.3 flowers per minute in Michigan

to 6.75 seconds) and 167.50 to 208.28 secondssi ca Foraging rate of four honey bee species on C. mo-

of A. florea. The maximum time (178.71 seconds)/ schata hybrid (C-1076) flowers. The data on flowers
flower were spent byA. florea followed by A. mel- visited per minute by four honey bee speciesGn
lifera (7.63 seconds)\. cerana (6.24 seconds) anél. moschata cultivar (C-1076) flowers are presented in
dorsata (6.06 seconds). Irrespective of different bee Table 5. The mean foraging rate (flowers visitedi-m
species, the mean time spent during different dayute) in case oA. dorsata varied from 4.31 to 6.33 dur-
hours differed significantly at 5% level. In Brazil ing different hours of the day. It was 3.55 to 4f@iv-
Nicodemoet al. (2009) found tha#\. mellifera visited ers in case of. mellifera, 3.03 to 4.94 flowers in case
pumpkin flowers at 1030h for nectar and pollenewil  of A. cerana and 0.25 to 0.47 1n case Af florea.
tion. It spent 34.5 seconds/flower for collectinglen Among four honey bee species, the mean foragirgg rat
and for nectar collection it spent 43.9 and 29¢®rds  was highest iPA. dorsata (4.96 flowers/minute) fol-
on female and male flower, respectively, wher8as, lowed by A. cerana. (4.19 flowers/minute)A. mel-
spinipes collected only nectar, during a mean time of lifera (4.02 flowers/minute) and it was lowest /&
60.5 seconds per pumpkin flower. florea (0.33 flowers/minute). Irrespective of different
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bee species, no significant differences were foimd Zeitschrift fur Angewandte Entomologie, 81(1): 14-20

the foraging rate of four honey bee Species on mmmp Collison, C. H. and Martin, E. C. (1979). Behaviour of
flowers during different hours of the day. The mean honey bees foraging on male and female flowe.rs of
flowers visited/ minute were maximum (3.63 flowers/ fgzugg sativus. Journal of Apicultural Research, 18:
minute) during 00730-0830 h followed by (3.48 flow-

. X Deyto, R. C. and Cervancia, C. R. (2009). Floral biplagd
ers/minute) during 0530-0630 h followed by (3.43 pollination of Ampalaya Momordica charantia L.)

flowers/minute) during 0630-0730 h and (3.18 flosfer Philipp. Agri. Scientist, 92(1): 8-18

minute) during 0830-0930 h. It was minimum (3.15 Fageri, K. and Vander Pijl, L. (1979he Principles of Pol-

flowers/minute) during 0930-1030 h of the day. lination Ecology (3rd edn.). Pergamon Press, Great

. Britain, 244 pp

Conclusion Forbes, M. F. and Cervancia, C. R. (1994). Foragirabe
. . iour of Apis Cerana F. andApis mellifera L. (Apidae:

We concluded thathe mean foraging speed (time Hymenorr))tera) in Malayjay, IF_)aguthiI. J. SCI( r;3(1):

spent per flower) in seconds on flowers of pumpkih 21-27

-1106) was maximum in case @ florea (181.72),  pogter, R. E. and Levin, M. D. (1967), Fybrid muskmel-

followed by A. mellifera (7.15), A. cerana (6.05) and ons |, Bee activity in seed fields. Ariz. Acad. Sci.,

A. dorsata spent least time (5.83) and in pumpkin (C- 4:222-225

1076), foraging speed was maximum in caseAof Free, J. B. (1993)linsect pollination of Crops (2nd edn.).

florea (178.71), followed byA. mellifera (7.63), A. Academic Press, London, U.K., 684 pp

cerana (6.24) andA. dorsata spent least time (6.06). ~Girish, P.P. (1981). Role of bees in the pollinataf sum-

The size and complexity of floral display used tb a mer squashQucurbita pepo L.) with special reference

vertise their location is one of the several fasioflu- of Apis cerana F. (Hymenoptera: Apidae). M.Sc. The-
sis, University of Agriculture Sciences, Bangalore,

encing the behaviour of pollinators. The high male Karnataka. India
female ratio achieves the production of sufficient goyson, D. (1999). Foraging strategies of insecigather-

amount of pollen deposites, thus aids in effecpioti- ing nectar and pollen, and implications for plactle
nation. Pumpkin is a cross pollinated crop if beed ogy and evolutionProspect Plant Ecol. Evol. Systemat,
not play role in the transfer of pollen grain fronale 2(2): 185-209

to female flower, fruit will not set (0%) that's wh Kearns, C. W. and Inouye, D. W. (1993)chniques for
crucial role of bees as providers of pollinationvizes Pollination Biologists. University Press of Colorado,
in developing countries cannot be ignored with farsn Niwot, Colorado, 583 pp

: : : . - Nicodemo, D., Couto, R. H. N., Malheiros, E.B. and De
having A.mellifera colonies, although this servise Jong, D. (2009). Honey bee as effective pollinating

mainly fergl there. Honeybee pollinators are rezplir agent of pumpkinSai. Agric. (Piracicaba, Braz.), 66(4):
for producing up to 30 % of the human food supply 476-480

directly or indirectly and the farmers rely on mged  pandian, K., Baskaran, S., Sundaravadivelan, C., Aajbit
honeybees throughout the world to provide these ser and Kuberan, T. (2012). Insect visitors of pumpkin,
vices. There are many natural and human made chal- Cucurbita maxima Duch in relation to temperature and
lenges that decline many groups of pollinators. De-  relative humidity.Journal of Agricultural Technology,
clines are associated with habitat loss, fragmiemtat 8(2): 501-513. .

and deterioration, non target pesticide exposu an Pemnal. S. F. and Currie, R.W. (2010). The influeatgol-
invasive species. Human activities concern with the IT‘.? quality oerr\]fo_ragzilng b(lahawordm hpnsylbeAmsrT\el
establishment of monocultures, overgrazing, land “lifera L.). Behavioral Ecology and Sociobiology, 51:53

clearing, irrigation so as to modify their habitatthe  gjj 5 68. P., Moisan-De-Serres, J., Souza, D. Clgeti-
area of agriculture affect the population of beecégs Moreira, S.B., Fernandes, M.Z., Kevan, P.G. and
and their abundance. Freitas, B. M. (2013). Ef-ficiency in pollen foragitby
honey bees: time, mo-tion, and pollen depletion on
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