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Abstract

To explore the insect flower visitors of Sesamum indicum L.
and theirrole in seed yield a study was conducted during the
year 2014 to 2016 in South Bengal regions. The yield of cross-
pollinated plants was significantly higher with respect to
seed width, length, and diameter than self-pollinated
plants. A total number of 15 insect species under orders
Diptera, Hymenoptera and Lepidoptera were recorded
from 6:00 am to 6:00 pm survey. Though the dipteran
insects were more diversified, the most abundant insect
species were Apis (Megapis) dorsata (20.71%) and Apis
mellifera (17.57 %) respectively, from the order
Hymenoptera. Among them, A.dorsata was included with a
strong linear relationship with bloomed flower and showed
higher visitation rate and handling time than A.mellifera.
Furthermore, A.dorsata showed higher value of pollination
efficiency index than A.Mellifera. Total 77 % pollens were
found to be viable from the anther lobe of flower whereas
A.dorsatawas carrying 73 % of viable pollen. Therefore, Apis
(Megapis) dorsata may be the most efficient pollinator and
played an importantrole in higherseedyield in S.indicum.

Introduction:

Among the nine oilseed crops grown in India, Sesamum
ranks fifth for important edible oil crop after groundnut,
rapeseed-mustard, sunflower and soybean
(www.agricoop.nic.in). India accounts for 39 % area, 27 %
production and 40 % export of sesame in the world. India
holds a top position in the world in sesame-acreage (24 %)
and contribution in export (40 %) (Raikwar & Srivastva,
2013; Igbal et al.,, 2016; http://www.faostat.fao.oy
rg/site/567/default.aspx#ancor).

In India, cultivation of the crop is mainly confined to
the states- Uttar Pradesh, Rajasthan, Madhya Pradesh,
Orissa, Tamil Nadu, Gujarat, Karnataka and West Bengal
(Desai, 2004). Among all the States, West Bengal accounts
for 163.3 ha area, 143.3 ton production and 876 kg/ha
productivity of sesame per year (Damodaran & Hegde,
2005). Mainly, district Nadia and North 24 Parganas of
South Bengal accounts for the lion’s share of production of
sesame in West Bengal. Sesame varieties recommended
and suitable for West Bengal are reported to be B67, Bo,
Krishna, Uma, TKG-21, TKG-55, RT-125, Tilharani, N1o etc.
(Gangaiah & Gautam, 2008) More than 75 % of the 15
leading crop species worldwide depend on or at least

benefited from faunal pollination, whereas wind and self-
pollination are sufficient for only about 28 % crop species
(Klein et al.,, 2007). Animal-mediated pollination
contributes to the sexual production of over go % species of
modern angiosperms and among them, insects are the
main responsible factors (Saini et al., 2012). Co-evolution
of flowering plants and their pollinators started about 225
million years ago (Price, 1975). Effective pollination results
in increased crop production, quality improvement, and
more seed production. Many fruits, vegetables, edible oil
crops, and nuts are highly dependent on bee pollination
(Irshad & Stephen 2014). The present investigation focuses
on the foraging activity of different insect fauna and their
abundance on Sesamum flowers with special reference to
the abundance and role of the active pollinators in
increasing the seed yield in the self and cross-pollinated
crop both qualitatively and quantitatively thereby
increasing the germinability of the resulting seeds of
Sesamum sp. The work further highlights the pollination
efficiencyand ecological services played by the pollinators.
The study was conducted for the first time from the
unexplored area of North 24 Parganas of West Bengal,
India.
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Methodology:

Study area: the study was conducted with the concern of
agricultural field of S.indicum (Variety: Tillittoma B67)
plantat Hijli Village, Kamarpur Village and Nurpur Village
of district North 24 Paraganas in the state of West Bengal,
India during the year 2014 to 2016. The work was processed
during the flowering time of the plant e.g. March to end of
May. Average temperature and average humidity of this
region during the surveywere 29°Cand 64% respectively.

Tragetted plant: Sesamum sp. is a herbaceous annual
plant, growing to a height of 1.0-2.0 m. The taproot bears
only a few secondary and tertiary roots. The stem is erect,
normally square in section. The upper part of the stem is
particularly covered with short hair. Some varieties have
profuse branching and give the plant a bushy appearance.
The leavesarealternate and opposite. The leaf size mayvary
from 3.0 to17.0 cmin length and 1.0 to 7.0 cm in width. The
inflorescence is a receme and the fruit is a capsule. Though
like other oilseed crops the flower structure of Sesamum
facilitates cross-pollination, but it is also considered to be
self-pollinated. Hence this study was focused on the
comparative study of seed yield in self-pollinated and cross-
pollinated plant. Different orders from insect group have
been reported to forage on Sesamum flower (Mahmoud,
2012). Besides honeybees, other pollinators such as flies,
butterflies, and wasps were recorded on the flowers in open
pollination (Desai, 2004).

Sampling: a total of 10 quadrates with the size of 1m x 1m
were selected randomly in the field for collection of data.
Onanaverage, 28 to 30 plants were present in each quadrate
and half of the plants from each quadrate were bagged
(Close) for monitoring self-pollination. The unbagged
plants (Open) were the representative of cross-pollination
system. Each quadrate was observed from 6 am to 6 pm
with the time intervals of 2 hours i.e. 6 am -8 am, 8 am -10
am, 10am - 12 pm, 12 pm-2 pm, 2 pm -4 pmand 4 pm - 6 pm,
thriceinaweek.

Plant data collection: the seedsand fruits were collected
from both bagged (Close) and unbagged (Open) plants.
The seeds were measured with respect to length, diameter,
and width. Bagging was done 14 hrs before the opening of
the flowers. A total number of 100 seeds were weighed from
both bagged and unbagged plants to observe the difference
in total weight in both cases. To observe the plantlets
growth from the seeds of open and close pollinated plants,
seeds were planted and after germination, the length/
height of the saplings was measured.

Insect collection, preservation, identification,
sampling technique, and data collection: insects,
which were exclusively flower visitor of the targetted plant,
were collected after taking the necessary data. If the insect
specimen was identified on the field then photograph and
necessary data from that specimen were taken without
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having it. If necessary, the insect collection was made by the
help of round-headed insect net. The process of collection,
preservation, setting, and pinning of the collected insects
were followed from the manual of Zoological Survey of
India (Jonathan & Kulkarni, 1986). For further
identification, the specimens were taken to the Zoological
Survey of India, Kolkata.

The quadrats were monitored during the study period
and only the individual numbers of flower-visiting insect
species were tabulated. Selected individuals of each insect
species were continuously followed while they were
foraging on the flowers of S. indicum plants till the
necessary data were collected. In each observation period,
total time spent on flower (TF; from the time of touching to
departure of the flower by the insect) and total observation
time (TT; this observation was included with the time
spend on flowerand the time in flight between next flower)
were accumulated with the help of separate stopwatches
and total number of flower visited (NF) were also recorded.
These data were helping us to analyze - a) VR (VR), in per
unit of time average number of flowers visited
[VR=NF/TT]; b) Handling time (HT), average time spent
on each flower [HT=TF/NF] (Herrera, 1989; Meerabai,
2012). The insects were observed from 6 am. to 6 pm. with
the time intervals of 2 hoursi.e. 6am-8am, 8am-10am, 10am
-12pm, 12pm-2pm, 2pm-4pmand 4pm - 6pm.

For Linear Regression Analysis, the plants were
monitored with time duration of 3 minutes in the different
time frame of the study period. The individual flowers
visiting insect species number were recorded from each
plant during the monitoring period. A total number of 50
plantswere studied for thisanalysis.

Methods for pollination index and pollen germi-
nation test: pollination Index for the most abundant
insect flowervisitorwas developed by following the process
by Vithanahe (1990). This is a product of Flower and Insect
visitor ratio in a unit of time (preferably an hour) and the
number of studied plant pollen grains counted on the
various body parts of insectvisitorspecies.

The pollen germination test was performed artificially
with help of different concentration of Sucrose solutions.
The pollenswere collected from an anther of this plant (just
after anther dehiscence) and the body part of Apis
(Megapis) dorsata. The process of pollen viability testing
was performed by following the methodology by Bhowmik
& Bhadra (2015).

Ecological and statistical analysis: species diversity,
dominance, and species richness were calculated by the
help of Shannon Index (H’), Dominance Index (D) and
Margalef Index respectively. These indices were performed
by using the statistical software PAST 2017 (Version 3.17). To
study the evenness, the Evenness Index (J’) was calculated
with the help of Biodiversity pro Version 2 software. Two
tailed t-tests were conducted to compare seed yieldsamong

Ambient Science (2018)

http://www.caves.res.in/

Vol.-05(2): p. 35



Ambient Science, 2018: Vol. 05(2); 34-39
DOI:10.21276/ambi.2018.05.2.ra06

the open and close pollination system. The analysis was
tested at the p<o.05 level of significance. One way ANOVA
hasalso been done foryearwise variation analysis of VR and
Handling Time among two honey bee species. The t-test
analysis and One Way ANOVA analysis were performed by
using the statistical software PAST 2017 (Version 3.17). The
number of bloomed flower in each plant was compared
with the number of A.dorsata and Apis mellifera visiting on
each plant per unit of time, by using Linear Regression
analysis. Mean was separated by the help of F - statistics. A
coefficient of determination, R2, was used to verify the
strength of linear association. The Regression categories
are as follows: a) 0.6 to 1.00 is a very strong relationship. b)
0.3 to 0.59 isa strong relationship, ¢) 0.1to 0.29 is very weak
relationship and d) if the value of Rz is zero (Nonlinear)
that determines there is no relationship (Ali et.al., 2016).
The linear regression analysis was done by using R studio
software Version1.1.383.

Results:

Comparative yield of open (unbagged) and close
(bagged) pollination in Sesamum indicum: the present
studyonS. indicum demonstrates that, this plant hasatotal
lifespan of 70 days, with the flowering season from seed
timing from mid of March to end of May. The pre-flowering
stage was 3 to 4 weeks and a flowering stage was almost 6
weeks. The pod setting stage was 6 to 8 weeks after showing
and maturity stage was 8 to 10 weeks.

Table-1: Two tailed T- Test analysis among the plantlets, seed

and fruits collected from the plants of bagged and unbagged
plants. Level of significance (p<o.05)

Parameter T test value df (Degree of Freedom) p value
Plantlets length -1.6021 18 0.11741
Fruit length -1.5893 18 0.12029
Fruit diameter -6.698 18 2.7174E-08
Seed length -6.1379 48 1.78E-08
Seed Width -4.0837 48 9.06E-05

Fruits were studied on the basis of their length and
diameter for the estimation of better fruit generation from
both the open and close pollinated plants. In the case of
open pollination and close pollination, the average fruit
length was 25.22+0.31 mm and 24.41+0.40 mm respectively,
and the average size of fruit diameters was 37.72+0.44 mm
and 32.25+0.54 mm respectively. Seeds were also evaluated
from the open and close pollinated plant samples on the
basis of theirlength and diameter, where the average length
of seeds from open-pollinated plant and close pollinated
plant were 3.648+0.05 mm and 3.124+0.06 mm respectively.
Average seed diameter was also measured for both the
conditions where for open-pollinated plants the seeds were
2.2+0.07 mm and fora close pollinated plant the seeds were
1.8+0.06 mm. The average lengths of the plantlets from the
seeds of both open and close pollinated plants were
14.85+0.76 mm and 13.35+0.53 mm respectively (Table-1).
Seed weight measurement from these two pollination
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procedures showed higher seed weight in open pollination
(~0.74g) thanthe otherone (~0.27g).

Diversity of insect flower visitor of S. indicum: as a
cross-pollinating agent, insects played a crucial role in this
case. A total number of 15 insect species reported as flower
visitors, belonging to three majororders viz. Hymenoptera,
Diptera, and Lepidoptera. Among them 8 species under 8
genera were reported from order Diptera, 6 species under 2
genera from order Hymenoptera and 3 species from 3
genera were from order Lepidoptera (Table-2, Fig.-1).
Shannon-Weiner Index (H’), Dominance Index (D),
Margalef Index and Evenness Index (J') were performed to
analyze species diversity, dominance, species richness, and
species evenness respectively, among the three orders.
Order Diptera was included with the highest species
diversity and species richness, followed by order
Hymenoptera and Lepidoptera respectively. Order
Lepidoptera was the dominant order with the lowest
evenness among these three orders. The highest evenness
showed by the order Diptera with the lowest dominance
(Fig.-2). The relative abundance ranking graph
demonstrated that among the 15 insect flower visitors,
most abundant species was A.dorsata and A.mellifera
respectively. The least abundant flower visitor was the
lepidopteran species Danaus plexippus.
Table-2: List of insects flower visitors of Sesamum indicum
plant and their Relative abundance (RA)

Species name RA (%) Species name RA (%)
ORDER - HYMENOPTERA

Apis (Megapis) dorsata 2071 Apis mellifera 17.57
Apis cerana indica 8.45  Xylocopa latipes 6.50
ORDER DIPTERA

Sarcophaga sp. 5.08  Orthelliaviridis 4.1
Hydrotaea diabolus 4.41  Chrysomya megacephala 6.25
Lucilla Sericata 2,76  Muscaindica 5.08
Parasyrphus sp. 5.76  Eristalis sp. 6.8
ORDER- LEPIDOPTERA

Euploea core 134  Danaus plexippus 1.27
Papilio demoleus 3.81

Foraging efficiency of A.dorsata and A.mellifera on
S.indicum flower: foraging efficiency can be determined
by the analysis of VR (VR) and Handling Time (HT). The
average VR for A.dorsata and A.mellifera were 4.04+0.32
flowers/minute and 3.7+0.32 flowers/minute respectively.
Moreover the average rate of flower Handling Time for
A.dorsata and A.mellifera were 12.17+0.76 seconds/flower
and 12.04+0.74 seconds/flowerrespectively.

A.dorsata and A.mellifera both showed the highest VR
in the time interval of 8am to10 amin all the studied period
(Fig.-3). Furthermore, A.dorsata and A.mellifera both spent
maximum time on flower in the time frame of §am to 10 am
(Fig.-4). There was no significant year wise variation occur
in the VR and Handling Time among the different time
frames of these two honey bees (Table-3).
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Figure-2: Bar graph of different ecological indicesamong different
insectorders during thestudy period

Correlation analysis between the numbers of
honeybees and flowers in each plant: an average
number of 7.4+44 bloomed flowers were present in each
plant of S. indicum. On an average, 4.04 + 0.35 individuals
of A.dorsata and 3.74+0.29 individuals of A.mellifera were
reported from each plant of S.indicum during three
minutes of a time duration for each monitoring period. The
Linear regression data demonstrates that A.dorsata was
included as a strong relationship with the blooming flower
(R2= 0.3758, F-stat = 28.9 on 1 and 48 df, p value =
0.000002219), whereas, A.mellifera was showing very weak
relationship with the blooming flower (R2 = 0.1259, F-stat=
6.9130n1and 48df, pvalue = 0.01146) (Fig.-5).
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Plate-1: a) 77% viable pollen collected from the anther lobe of the
flower; b) 73% viable pollen collected from the body parts of
the Apis (M) dorsata
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Figure-3: Year wise variations in VR of Apis (Megapis) dorsata
(straight line)and Apis mellifera (dotted line)on the flower of
Sesamum indicum invarioustime frames.
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Figure-4:.Year wise variation of Handling Time of Apis (Megapis)
dorsata (straight line)and Apis mellifera (dotted line)on the
flowerof Sesamum indicum invarioustime frames.

Table 3: One way Anova analysis among the VR and Handling
Time of A.mellifera & A.dorsata in different year wise variation
among the six time intervals.

Sumof Sq. df MS
Apis mellifera: VR

Factors F-Value p-Value

Between Groups 1.01333 2 0.506667 0.2389 >0.7904
Within Groups  31.8067 15 2.12044

Total 32.82 17 0.7887

Apis mellifera: Handling Time

Between Groups 5.24948 2 2.62474 0.2389 >0.7905
Within Groups 164.831 15 10.9887

Total 170.08 17 0.786

Apisdorsata:VR

Between Groups 4.68778 2 2.34389 1452  >0.2652
Within Groups  24.215 15 1.61433

Total 28.9028 17 0.2673
Apisdorsata:Handling Time

Between Groups 4.24231 2 2.12116 01815 >0.8358
Within Groups 175.267 15 11.6845

Total 179.509 17 0.8375

Pollination efficiency index and pollen germinability
test:pollination efficiency has been analyzed to determine
the efficiency of a pollen carrier regarding pollen carrying
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capacity. As A.dorsata and A.mellifera both were observed
to carry pollen from this plant and both were efficient and
abundant flower visitor of this plant, pollination efficiency
was studied with a process developed by Vithanage (1990)
for these two insects. Though A.mellifera was with higher
flower and insect per hour ratio, A.dorsata was carrying a
higher number of Sesamum pollen than A.mellifera. The
pollination efficiency index also demonstrates that A.
dorsata was more efficient than A.mellifera as a pollen
carrier (Table-4). As A.dorsata showed more efficiency with
respect to pollen carrying activity, for effective pollination
to happen. Therefore pollen germinability test was done in
A.dorsata. This honey bee was carrying 73 % of viable pollen
of this plant whereas pollen collected from flower anther
lobe included with 77 % viable pollen (Plate-1).
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Figure-4: Linear regression relationship analysis between the
number of bees and the bloomed flowers of Sesamum indicum
plant. Apis (Megapis) dorsata (blue line), Apis mellifera (red line)

Table 4 Pollination Efficiency Index

InsectSpecies ~ Sesamum Foreign Flower:Insect Pollination
Pollen Pollen RatioPerHour Efficiency
(F:I) Index*
Apis (M) dorsata 838 47 150:33 3809
Apis mellifera 672 18 150:41 2458

* Calculated using procedures developed by Vithanage (1990).

Discussion:

The study of seed yield among the self and cross-pollinated
plants showed that, fruit length (length of the capsule) and
plantlets size were not significantly varied in those two
cases. Open pollination system included a significantly
higher range of size regarding fruit diameter, seed length
and seed width than close pollination system. Hence, it can
be clearly determined from the above data of seed yield that
the cross-pollinated plant showed more yield as compared
toaself-pollinated plant.

Insect flower visitors can be predicted as a true source
for cross-pollination in this plant. Related to the flower
foragers of S.indicum, three insect orders viz., Diptera,
Hymenoptera, and Lepidoptera were reported to be the
mostcommon for the cross-pollination. Among these three
orders, order Diptera had the highest species diversity and
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richness followed by insects from order Hymenoptera and
Lepidoptera. But the most abundant flower visitors were
from the order Hymenoptera. Among the Dipteran insects,
Chrysomya megacephala from family Calliphoridae was
included with the highest abundance followed by Eristalis
sp. from family Syrphidae. The insects of these two
Dipteran family were reported to be as good flower visitors
for this plant (Kamel et al., 2014). Again among order
Hymenoptera, A.dorsata and A.mellifera were reported to
be the most abundant species and had been observed to
collect both pollen and nectar from the plant. However, the
three insect species viz., Euploea core, Danaus plexippus,
and Papilio demoleus from order Lepidoptera were found to
collect the flower nectar only. Since their richness and
abundance was much less compared to other insect orders
so they can be considered as flower visitors for Sesamum
and not playinga muchactiverole in pollination.

The anthesis occurs early in the morning (6 am till 8:30
am) and stigma became receptive almost very close to that
time (9 am till 10:30 am) and senescence occurs after six to
twelve hours. Though it varies and depends on different
environmental condition (Andrade et al., 2014). Inthe case
of both the honey bee species, VR showed an increasing
trend up to 12 pm and after 12 pm it showed a decreasing
phenomenon. Thus, in the timeframe of 8 am to 10 am both
the bees showed highest VR. Therefore the time of stigma
receptivity in relation to pollen transfer was overlapping
with the increasing VR for both the honey bee species
which might increase the probability of pollen transfer and
successful pollination in this plant. In the year wise
variation study, there was no significant variation occurs in
the VR and HT of both species. Therefore it easily depicted
that the VR and HT for both of the honey bee species were
following the same trend in relation to flowering
phenomena. Hence it can be concluded that A.dorsata and
A.mellifera both are playing an important role in
pollination of S.indicum. Again, among these two
honeybees, average VR and Flower HT were higher in
A.dorsata than the other one. So, it can be concluded that
A.dorsata was more efficient regarding VR and Flower HT
than A.mellifera. Average numbers of individuals for
A.dorsata were higher than average number of A.mellifera
during the morning to evening study period. This
phenomenon might be due to a more wild character of
A.dorsata than other Hymenopteran insects, therefore
A.dorsata could have visited much more abundantly.
Furthermore, since there were no nearby apiculture
practices done, the more cultivable and docile species of
A.melliferawas found to be lessabundant. An upward trend
from the morning on both cases showed the highest
prominent peak on 1 am but after that the number of
individuals showed downward trend. Again a peak was
shown for both A.dorsata and A.mellifera individual
numbers at 5 pm. It was also supported by Dahat et al.
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(2017), who observed A.dorsata be most active during 11am
to 12 pm. Hence, from the present study it can be
highlighted that though the VR and HT for both the honey
beeswasin the peak during the time frame of 8 to 10 am but
the number of individuals was in peak at 1 am (Plate-1).
Flower VR and HT both are important for determining the
efficiency of the pollinators. VR is defined with the
mobility of the pollinators and HT is defined with the total
time of foraging. This HT depends on the reward of the
flower, finding the corolla, nectar extraction technique,
proboscis length and in some cases flower colour
(Merrabai, 2012; Herrera, 1989; Sanderson et al., 2006). The
nectar extraction technique of bees are lapping with hairy
glosse (Herrera, 1989) In the present study both the species
are honeybees and therefore the HT pattern suggested the
same trend for both the species. Proboscis length has an
effect on HT time of different species (Herrera, 1989;
Merrabai, 2012). Therefore may be due to longer proboscis
length A.dorsata showed more HT than A.mellifera. In
relation with flower blooming, both the honey bees species
showed positive correlation. But, A.dorsata showed a
strong relation with the bloomed flowers compared to
A.mellifera. Regarding pollination index study, A.dorsata
was carrying a sufficient number of viable pollen that
further showed that the pollination efficiency was again
highin A.dorsata.

Conclusively, the quantitative and qualitative present
study with respect to seed yield demonstrates that
S.indicum is more efficient in cross-pollination system.
Considering the parameter such as VR, Flower HT,
pollination efficiency it was established that A.dorsata and
A.mellifera both are an efficient visitor and pollen carrier
for this plant but A.dorsata is more efficient as a pollinator
of S.indicum plant. Therefore forenriching the seed yield of
this plant the conservation of honey bee species is
recommended.
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