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Abstract: The studies were carried out at the Vegetable Research Farm, CCS Haryana Agricultural University, Hi-
sar during 2013-2014. The main aim of the study was good seed setting and it is done by bee pollination which im-
proves the yield and quality of crops. The results shows revealed that Apis mellifera (5.96) was the most abundant
visitor and highly significant over A. florea (4.46), syrphid fly (2.97), A.dorsata (2.62) and A.cerana (1.66) visitor.
Irrespective of species, abundance of bees was the lowest at 0700-0900 h (0.73 bees/m?/5 minutes) and the highest
at 1100-1300 h (6.29 bees/m?/5 minutes). The result of foraging speed, maximum for A. florea (37.44) and highly
significant over followed by A. dorsata (5.24), A. mellifera (4.52 ), A. cerana (3.58) and syrphid fly (2.67). The result
of foraging rate, maximum for syrphid fly (17.42) and highly significant over A. cerana (10.27), A. mellifera (10.00),
A. dorsata (7.77) and A. florea ( 1.71). Due to bee pollination, seed set in caged condition was very less as com-
pared to uncaged condition and quality of seeds was also good in uncaged condition.
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INTRODUCTION flower per minute byA. mellifera under caged and
. . open conditions respectively. There is very scamty
_Broccoh IS CToss pollm_ated a_lnd grown by seed and mation available for the role of insect pollioeg
Insect pla_\y major role in pollination. The floweos and their efficiency in seed production of brocagir
broccoli, important sources for both pollen andtagc o, agro-climatic conditions of Haryana. So, stucg

are very a_ttra_\ctive to honoey_bees_ Among th? tali-p \ngertaken to record the abundance and forgingvbeha
nation activities, over 80% is performed by insentd ;. ¢ major insect pollinators especially honeseb

bees contribute nearly 80% of the total insectipail d hid fi d fb li
tion and therefore, they are considered the bdkhao and syrphic fly on seed crop of brocco.

tors. Bee pollination improves the yield and quadif MATERIALSAND METHODS
crops, such as fruits, vegetable seeds, spiceseois
and forage crops (Dhakal, 2003; NARC, 2008). The
number of flowers visited per minute by any type of
bee species depends upon the number of factors i
cluding instinctive foraging behaviour, length abp
boscis, floral structure particularly the corotlapth
type and quantity of floral rewards density of flens
on particular cultivar of the crop concerned andrko
of the day. Foraging behavior play an importantrol
on the production and productivity of the crops athi
is use to compare pollination efficiency of diffete
honeybee species. More foraging frequency indicate
the more pollination efficiency (Singht. al. 2006).
Devkota and Thapa (2005) studied that two bee epeci
(A. ceranaand A. melliferg differed significantaly
(P<0.05) on the number of flower visits per minat o
broccoli. A. ceranashowed higher flower visiting effi-
ciency as compared #. mellifera The average num-
ber of flower visited byA. ceranabee was 11.387 and
12.107 per minute as compared to 9.033 and 10.88§

The studies were carried out at the Vegetable Relsea
Farm, CCS Haryana Agricultural University, Hisar
during 2013-2014. Broccoli variety LPH-1 was grown
or seed production. Flowering initiated during® 2
week of March, peak period betweeft&" week and
cessation in the last week of March.

Abundance of insect visitorg/pollinators on broccoli
flowers:. Abundance of major insect visitors/
pollinators on broccoli flowers was recorded during
the blooming period of the crop. For recording ¢hes
Gobservations, numbers of pollinators visiting per
square meter area of crop/5 minutes were noted from
five randomly selected areas. These observations we
recorded from 0700 h to 1900 h at an interval 602:
hours. Observations were recorded throughout the
flowering season in the crop.

Deter mination of the foraging speed of insect polli-
nators. Foraging speed of bees was recorded in terms
f time (seconds) spent by them on each flowergjFre
993). A total of ten bees of each species were ob-

ISSN : 0974-9411 (Print), 2231-5209 (Online) AlgRts Reserved © Applied and Natural Science Fotimadawww.jans.ansfoundation.org



Suman Devet al./ J. Appl. & Nat. Sci8 (3): 1493 - 1496 (2016)

served for recording time spent by them per floaker
peak flowering period of the crop. The time spent t
inject the proboscis and suck up the nectar orhiimgs
collecting pollens was considered as the time spent
flower, which was recorded with the help of a chore

lowed byA. florea(4.46), syrphid fly (2.97)A. dor-
sata (2.62) andA. cerana(1.66) was least frequent
visitor. Pritish (2012) found thathe abundance oA.
mellifera (6.8 bees/f5 minutes)was highest followed
by A. florea (5.1 bees/fi5 minutes), syrphid fly (4.8

ter having an accuracy of 0.01 seconds (Kumar, 2010 flies/n?/5 minutes)A. dorsata(3.5 bees/fi5 minutes)

Ten observations were recorded for each bee species
Determination of the foraging rate of insect

andA. cerana(1.4 bees/A15 minutes) in radish. Irre-
spective of species, the population was maximuis (6.

pollinators. Foraging rate of bees was recorded in bees/ri’'5 minutes) at 1100-1300 h of the day.

terms of the number of flowers they visited per uhén
(Free, 1993). A total of ten bees of each specieew
observed for recording the number of flowers \visiper
minute at peak activity time of particular spec¢peak
flowering period of the crop. The numbers of flosver
visited per minute were recorded including thenflytime
from one flower to another flower (Kumar, 2010).nTe
observations were recorded for each bee species.

RESULTSAND DISCUSSION

Abundance: Data on abundance (irrespective of flow-
ering stage of crop) of different species of seegp of
broccoli variety LPH-1 at different hours of theydare

Foraging rate. Data on foraging rate of different
honey bee species on broccoli flowers of varietyiL P

1 are presented in Table 2. The highest foragitg ra
(no. of flowers visited/minute) was of syrphid fly
(18.54) followed byA. cerana(12.67), A. mellifera
(12.07),A. dorsata(10.55) andA. florea(1.89). Mean
maximum foraging rate of syrphid fhA. cerana,A.
mellifera, A. dorsataandA. florea wasobserved dur-
ing 1500-1700, 1100-1300, 1300-1500, 1100-1300 and
0900-1100 h of the day, respectively. Mean foraging
rate of syrphid flyduring peak flowering was observed
maximum (17.42) followed bw. cerana(10.27), A.
mellifera (10.00), A. dorsata (7.77) andA. florea

presented in Table 1. The mean population of bee sp (1.71). Mean foraging rate irrespective of honeg be

cies over different day hours ranged from 1.86der-
ana) to 5.96 bees/A6 minutes A. melliferd. For A.

species during different day hours was maximum be-
tween 1100-1300h (10.74) and minimum between

mellifera, the maximum bee population was observed1700-1900h (7.31). Pritish (2012) reported that mea

at 1100-1300 h (10.87 beeg/Bminutes), followed by
1300-1500 h (10.53 bees#i® minutes), 1500-1700 h
(5.27 bees/At5 minutes), 0900-1100 h (5.20 bee¥hn
minutes), 1700-1900 h (2.87 bee&Bnminutes) and
0700-0900 h (1.01 beesifs minutes). Irrespective of

foraging rate ofA. ceranaduring peak flowering was
observed maximum (10.3 no. of flowers visited/
minute) followed byA. melliferg9.8 no. of flowers
visited/minute),A. dorsata(9.5 no. of flowers visited/
minute), andA. florea (8.9 no. of flowers visited/

species, abundance of bees was the lowest at 070@inute). Devkota and Thapa (2005) studied that two

0900 h (0.73 bees/ts minutes) and the highest at
1100-1300 h (6.29 beesits minutes). The cumulative
mean abundance of important species revealedAthat
mellifera (5.96) was the most abundant visitor fol-

bee species/( ceranaand A. melliferg differed sig-
nificantaly (P<0.05) on the number of flower vigitsr
minute on broccoliA. ceranashowed higher flower
visiting efficiency as compared tA. mellifera The

Table 1. Diurnal abundance (irrespective of flowering staferop) of major insect pollinators on blossonmsseed crop of

broccoli variety LPH-1 during March, 2014.

Number of bees'm?/5 minutes during different day hours

Species 0700-0900 _ 0900-1100 __ 1100-1300 __ 1300-1500 __ 1500-1700 __ 1700-1900 __ Mean

Apis mellifera 1.01 5.20 10.87 10.53 5.27 2.87 5.96
(1.41) (2.49) (3.43) (3.38) (2.51) (1.97) (2.53)

Apis dorsata 1.89 2.40 3.13 3.57 2.73 1.97 2.62
(1.68) (1.85) (2.03) (2.11) (1.92) (1.71) (1.88)

Apis cerana 0.27 2.00 2.60 2.57 2.03 0.50 1.66
(1.13) (1.73) (1.90) (1.88) (1.72) (1.22) (1.60)

Apis florea 0.05 2.50 9.93 9.03 4.20 1.07 4.46
(1.03) (1.85) (3.24) (3.10) (2.25) (1.40) (2.14)

Syrphid fly 0.41 3.30 4.90 4.50 3.43 1.30 2.97
(1.17) (2.05) (2.40) (2.31) (2.08) (1.51) (1.92)

Mean 0.73 3.08 6.29 6.04 3.53 1.54
(1.28) (1.99) (2.60) (2.56) (2.09) (1.56)

Factors SE(m) SE(d) C.D. (p=0.05)

Species 0.006 0.008 0.016

Day hours 0.006 0.009 0.018

Species X day hours 0.014 0.020 0.040

Each value represents mean of 5 observations atsemepling time; Figures in parentheses\re-1) transformed values
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Table 2. Foraging rate of different honey bee speciesrondoli flowers of variety LPH-1 at different houo$ the day during
March, 2014.

Number of flower visited per minute

Species

0900-1100 1100-1300 1300-1500 1500-1700 1700-1900 Mean
Apis mellifera 10.52 11.47 12.07 9.74 6.18 10.00
(3.39) (3.53) (3.61) (3.26) (2.67) (3.29)
Apis dorsata 9.17 10.55 7.27 6.60 5.27 7.77
(3.17) (3.38) (2.86) (2.74) (2.50) (2.93)
Apis cerana 10.64 12.67 10.17 10.48 7.41 10.27
(3.40) (3.69) (3.34) (3.38) (2.88) (3.34)
. 1.89 1.74 1.77 1.78 1.35 1.71
Apis florae (1.69) (1.63) (1.65) (1.64) (152) (1.63)
Syrphid fly 17.91 17.30 16.98 18.54 16.35 17.42
(4.34) (4.26) (4.24) (4.41) (4.16) (4.28)
Mean 10.03 10.74 9.65 9.43 7.31
(3.20) (3.30) (3.14) (3.09) (2.75)
_ Factors SE(m) SE(d) C.D. (p=0.05)
Species 0.039 0.055 0.106
Day hours 0.038 0.054 0.108
Species x Day hours 0.086 0.121 0.240

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

Table 3. Foraging speed of different honey bee species occbti flowers of variety LPH-1 at different howsthe day during
March, 2014.

Time spent per flower (sec)

Species

0900-1100 1100-1300 1300-1500 1500-1700 1700-1900 Mean
Apis mellifera 3.92 3.72 4.08 5.57 5.30 4.52
(2.22) (2.16) (2.24) (2.55) (2.48) (2.33)
Apis dorsata 5.21 4.72 4.65 6.11 5.48 5.24
(2.49) (2.38) (2.37) (2.66) (2.53) (2.49)
Apis cerana 3.70 2.68 2.58 4.65 4.31 3.58
(2.16) (2.92) (1.89) (2.36) (2.29) (2.12)
Apis florae 29.61 38.40 33.58 42.88 42.71 37.44
(5.41) (6.21) (5.76) (6.52) (6.56) (6.09)
Syrphid fly 2.32 2.47 2.65 2.24 3.67 2.67
(1.82) (1.85) (2.90) (2.79) (2.14) (2.90)
Mean 8.95 10.40 9.51 12.29 12.30
(2.82) (2.90) (2.83) (3.18) (3.20)
Factors SE(m) SE(d) C.D. (p=0.05)
Species 0.090 0.127 0.251
Day hours 0.090 0.127 0.251
Species x Day hours 0.201 0.284 NS

Each value represents mean of 10 observationshtseanpling time; Figures in parenthesesvgxe1) transformed values

average number of flower visited By ceranabee was  (4.54), andA. cerana(3.51) and syrphid fly (2.65).
11.387 and 12.107 per minute as compared to 9.03Foraging speed of honey bee species during differen
and 10.889 flower per minute by. melliferaunder day hours was observed maximum between 1700-
caged and open conditions respectively. 1900h (12.62) and minimum between 0900-1100h
Foraging speed: Data on foraging speed (time spent (9.02). Thakuret al (2004) recorded tha. mellifera
per flower) of different honey bee species duriifg d was the most frequent visitor of broccoli followbg
ferent day hours on flowers of broccol seed vari@ty  Helictus sp and A. cerana Although Bombus trifas-

-1 crop are presented in table 3. The highest fogag ciatus was the most active spent minimum time per
speed was oA. florea (44.70) followed byA. dorsata  flower (1.95 seconds), its population was less com-
(6.05), A. mellifera(5.64), A. cerana(4.71) and syr- pared to honey bees ahiglictus sp and hence ranked
phid fly (3.50). Mean maximum foraging speedAf  fourth. The syrphid fly,Eristalis tenaxranked last
florea, A. dorsata, A. melliferal\. ceranaand syrphid  among the top 5 positions.

fly wasobserved during 1700-1900, 1500-1700, 1500- .

1700, 1500-1700 and 1700-1900 h of the day respeccOnclusion

tively. Foraging speed &k. floreaduring peak flower-  The results shows that mean abundance of important
ing irrespective of day hours was observed maximumspecies revealed thapis mellifera (5.96) was the
(38.54) followed byA. dorsata(5.24), A. mellifera  most abundant and highly significant visitor folleav
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by A. florea(4.46), syrphid fly (2.97)A.dorsata(2.62) IAAS Rampur,Chitwan, Nepal. pp 76.
andA. ceranawas least frequent (1.66) visitor. In case Free, J.B. (1993)Insect pollination of Cropg2nd edn.).
of mean foraging speed, maximum foraging speed of  Academic Press, London, U.K. pp 684. Kumar, B.K.

A. florea (37.44) and which is highly significant over (2010). Studies on insect pollinators on bitter rgou
A. dorsata(5.24) A. mellifera(4.52),A. cerana(3.58) (Momordica charantial.) M. Sc. Thesis, Department
and syrphid fly(2.67). Foraging rate of syrphid fly of Entomology, Chaudhary Charan Singh Haryana

Agricultural  University, Hisarpp 21.
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for quality seed and higher seed on must&mssica

(17.42) was maximum and highly significant over
cerana(10.27) A. mellifera(10.00), A dorsata(7.77)

andA. florea(1.71). It was found that due to bee polli- campestrisVar. toria in Nepalese condition. Annual
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