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ABSTRACT

Pollination is an ecological process that involves the
transfer of pollen from the male to the female part of
the flower with the help of various abiotic and biotic
pollen dispersal agents and is an essential pre-requi-
site for fertilization and fruit/seed dispersal. Insects
constitute one of the primary groups of pollinating
agents, as the association between insects and flowers
is well established. As flowers radiated so did the
mouthparts of the insects exploiting them. Various
insect groups, which are of prime significance in the
pollination of agricultural and horticultural crops
mainly belong to the orders Hymenoptera (bees, ants
and wasps), Diptera (flies, mosquitoes, fungus gnats,
midges), Coleoptera (beetles and weevils), Lepidop-
tera (moths and butterflies), Thysanoptera (thrips),
Hemiptera (bugs) and Neuropteran (lace wing flies).
This work is mainly based on detailed and through
observations/study made from various cash crops viz.,
Brassica nigra, Coriandrum sativum, Tagetes erecta
and Helianthus annuus from North 24 Parganas of
South Bengal region.
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INTRODUCTION

Insects constitute one among the primary groups of
pollinating agents, as the association between insects
and flowers are well established since evolutionary
times. Plants depend on pollination. Approximately
90% of wild flowering plants need pollinators like
bees to transfer pollen for successful sexual pollina-
tion. In turn, these plants and insects are critical in
the functioning of ecosystems. Honey bees are the
most economically valuable pollinator worldwide
(Hristov et al. 2020). The first rule of insect-plant
association is based on a give and take policy, which
is rather a part of co-evolution. Insects will always
visit the flower primarily for getting some rewards,
whether it is in the form of nectar or pollen, and that
opportunity is exploited by the floral parts of the plant
and thus pollination occurred.

Pollination, an essential ecosystem service
provided by insect pollinators is many times taken
for granted and little attention is paid to the need of
conserving and enhancing the pollinator diversity in
crop ecosystem. Insect pollination of flowering plants
(angiosperms) is responsible for the majority of the
world’s flowering plant diversity and is key to the Cre-
taceous radiation of angiosperms (Bao et al. 2019).
Two major factors determine the effectiveness of
each species of pollinator : Their relative abundance
among the pollinator ‘pool’ and the efficiency with



414

which they remove and deposit pollen. Pollination
success can be measured by two factors : Female re-
productive success (number of pollen grains deposited
on stigmas, ovule fertilization, seed production) and
male reproductive success (pollen removal, pollen
movement distances, success of pollen on the stigmas
of conspecifics). These may be coupled such that pol-
linators deposit a high proportion of the pollen they
remove (Conner ef al. 1995), or they may be uncou-
pled resulting in visitors that remove large quantities
of pollen but deposit very little pollen on conspecific
stigmas. These provide vital nutrients (e.g. vitamins
and proteins) and variety to human diets worldwide,
while in some developing countries insect-pollinated
crops provide substantiate amount of calories and
nutrients to people (Eilers ef al. 2011). Pollination is
therefore an important process in maintaining healthy
and bio diverse ecosystems.

The present studies were undertaken to document
insect pollinator diversity, abundance and pollination
efficiency index in various cash crops viz., Brassica
nigra, Coriandrum sativum, Tagetes erecta and Heli-
anthus annuus from the South Bengal region, where
so far, no data is available. Therefore, the present
study will definitely help to identify the insect polli-
nators, their diversity and behavior from this locality
which in turn helps to broaden our knowledge about
the pollination biology of the cash crop plants of
this locality.

A complete list of all the pollinators and forag-
ers of Brassica nigra, Coriandrum sativum, Tagetes
erecta and Helianthus annuus from different insect
orders/families are enlisted in this study.

MATERIALS AND METHODS

The study was conducted at Agricultural land from
Pabdara, Masunda, Beraberi, Rajibpur, Chandiga-
cha, Samudrapur, Amragachi, Rajberia, Pumlia,
Hizlia, Bamondanga, Daoulatpur of District North
24 Parganas from South Bengal region (Fig.1) from
10" of April 2021 to 15" of July, 2023. The study
was conducted in four plots measuring each of ap-
proximately 14400 square feet. Sweep net of 20 cm
radius was used to collect the pollinating insects at
different time periods, viz., 7-8 am, 9-10 am, 11-12

am, 1-2 pm, 3-4 pm, 5-6 pm and 7-8 pm. Record of
daily mean temperature and relative humidity was
also taken from the local meteorological laboratory.
Insect behavior at flowers was recorded through field
notes and photographs. The methods for collection,
killing, preservation, setting and pinning of the insects
were adopted from the manual of Zoological Survey
of India (Jonathan and Kulkarni 1986). Few of the
collected specimens were identified from Zoological
Survey of India, Kolkata. Finally, pollination efficien-
cy index for some visitor species was calculated using
procedures developed by Vithanage (1990).

RESULTS AND DISCUSSION

In the present study, total 34 species under five or-
ders viz., Coleoptera (5 species under 3 families),
Hymenoptera (4 species under 1 family), Diptera
(13 species under 6 families), Hemiptera (4 species
under 4 families) and Lepidoptera (8 species under
7 families) were observed to be associated with the
flowers of Brassica nigra, Coriandrum sativum,
Tagetes erecta and Helianthus annuus (Table 1). The
floral rewards offered to the pollinators by the four
crop plants in the present study were mostly nectar
and also pollen to some extent. Most of the insect
visitors associated with the crops were found to be
active during the day from 8 am -12 pm. The compo-
sition, diversity and abundance / quadrate of different
insect orders associated with the plants during various
time schedules have been presented by a bar graph
and pie chart (Figs. 2 A-D). Pollination efficiency
index was calculated using procedures developed by
Vithanage (1990) and presented in Table 2. At a time
200 square feet area was selected for the observation
and collection of the species, so out of total 14400
square feet area, approximately 7 quadrates were
chosen for the data analysis.

Role of insect pollinators / visitors in Brassica nigra

During morning from 9-11 am, maximum number of
Apis cerana indica and a few Apis megapis dorsata
under family Apidae from order Hymenoptera were
reported. They were observed to visit almost 10-15
plants per minute and were reported to spend about
12-15 seconds on single flower. Furthermore, several
types of species from order Diptera (7 different types
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Fig. 1. Map showing the various locations of Southern part of West Bengal.

of species) were also reported to play important role
as pollinator in case of Brassica sp. (Table 1). During
morning from 7 am till 10 am, number of species
viz., Stomorhina discolor and Episyrphus basteatus,
from family Syrphidae were observed to visit almost
15-20 plants per minute and were reported to spend
about fraction of a second on each flower. After
11 am, diversity of Dipteran species increases and
several species of Eristalinus arvorum, from family
Syphidae, Chrysomya megacephala from family
Calliphoridae, Orthellia coerulifrons from family
Muscidae, Sarcopaga sp. from family Sarcophagidae
and only a few numbers of Slakkendoders sp. from
family Sciomyzidae were reported. Though, few in
number, but 6 different types of species from order
Lepidoptera were also reported to play important role
in pollination (Table 1). Among order Coleoptera, two

types of species, viz., Oenopia sp., and Coccinella
transversalis, both from family Coccinellidae were
reported to be present in maximum number (~1200
per 200 square feet area studied). Though, they were
observed to forage mainly as predators attacking the
resting aphids and no noticeable effect on pollination
was observed in this case.

Role of insect pollinators / visitors in Coriandrum
sativum

Like Brassica, Coriander was also found to be dom-
inated by insect pollinators of Order Hymenoptera
followed by order Diptera. But unlike Brassica, Apis
cerana indica was the only Hymenopteran species
found to be the most active, abundant and efficient
pollinator. Diversity of Dipteran species was also not
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Figs. 2. Bar graphs and pie charts showing abundance per quadrate and diversity, respectively of different orders of insect found in cash crops.

that reach like in Brassica, only species found was,
Eristalinus arvorum, from family Syphidae. A few
numbers of Oenopia sp. from family Coccinellidae
under order Coleoptera was also reported to forage
the crop plants.

Role of insect pollinators / visitors in Tagetes erecta

Three species viz., Apis megapis dorsata, Apis cer-
ana indica and Apis mellifera from Apidae under
Hymenoptera were recorded as active and efficient
pollinator. Only one species, Chrysomya megaceph-
ala, from family Calliphoridae under Diptera was

observed. Lepidopteran foragers playing important
role as pollinators, belonged to two families, among
which Hesperiidae constituted Potanthus omaha and
the other family, Arctiidae constituted Amata cyssea.

Role of insect pollinators / visitors in Helianthus
annuus

During morning from 7-11 am, maximum number
of Apis megapis dorsata and a few Apis mellifera
under family Apidae from order Hymenoptera were
reported. Apis cerana indica was the least reported
species observer in this case. They were observed to
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Table 1. List of insect pollinators / visitors of Brassica nigra, Coriandrum sativum, Tagetes erecta and Helianthus annuus.

Crops-» Brassica nigra Coriandrum sativum Tagetes erecta Helianthus annuus
Orders Family Name of the Family Name of  Family Name of the Family Name of
species the species species the species
Diptera Sciomyzidae  Slakkendoders sp. No species found Sciomizidae Unknown
Sarcophagidae Sarcophaga Sarcopha-  Brachioma-
sp. gidae devia
Muscidae Orthellia Muscidae  Musca
coerulifrons Calliphoridae Chrysomya indica
Calliphoridae  Chrysomya megacephala
megacephala
Syrphidae Eristalinus
arvorum
Episyrphus Syrphidae  Eristalinus Pipuncu-  Unknown
balteatus arvorum lidae
Stomorhina
discolor
Hymenoptera  Apidae Apis megapis Apidae Apis cerana Apidae Apis mega-  Apidae Apis mega-
dorsata india pis dorsata pis dorsata
Apis cerana Apis cerana Apis cerana
indica indica indica
Apis mellifera Apis melli-
fera
Coleoptera Coccinelidae  Coccinella Coccinelidae Oenopia sp No species found Coccine- Menochilus
transversalis lidae sexmacu-
Oenopia sp. Halticidae  /atus Fab.
Hatica sp.
Curculioni-  Smicronyx
dae Sfulvus
Lepidoptera  Zyganidae Euploea core No species found Arctiidae Amata
(Diurnal) Nyphalidae ~ Amata cyssea cyssea
Arctiidae Potanthus omaha Hesperiidae  Potanthus ~ No species found
Hesperiidae  Tagiades japetus omaha
Lycaenidae Castalius rosimon
Lepidoptera No species found No species found No species found Noctuidae ~ Helicover-
(Nocturnal) pa armigera
Crambidae  Stemorr-
hages cos-
tata
Hemiptera No species found No species found No species found Scutelle- Crysoco-
ridae ris stolli
Miridae Unknown
Membra- Leptocen-
cidae trus taurus
(Walk.)
Pentato- Nezara
midae viridula
(Linn.)

visit almost 6-7 plants per minute and were reported
to spend about 10-12 seconds on single flower head.
Their activity and number decreased after 12 pm
noon and again they came to the field after 2.30 pm
and remained there till 5 pm. Furthermore, few (1-2

/ plant) non-Apis bees (Certaina unimaculata) were
also reported along with the Apis bees to forage the
flower head. Presence of non-Apis bees associated
with Apis bees was reported by many entomologists
(De Grandi Hoffman and Watkins 2006, Green leaf
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Table 2. Mean number of pollen grains counted from the body hair of some flower visitors of Helianthus annuus and Brassica nigra
at the agricultural field from Samudrapur and Hizlia respectively of South Bengal. Pollination efficiency index was calculated using
procedures developed by Vithanage (1990). ND: Not determined, NF: Not found.

Species Pollen from  Foreign Flower :  Pollination Pollen from  Foreign Flower :  Pollination
Helianthus ~ pollen Insect ratio/ efficiency  Brassica pollen Insect ratio/ efficiency
annuus hour index nigra hour index
Apis megapis dorsata 1207 38 146:32 5507 NF ND - -
Apis melifera 1026 27 146:12 7133 978 20 146:22 6490
Apis cerana indica ND ND - - 1074 23 146:23 6818
Non-Apis bees 10 7 146:12 122 NF ND - -
Eristalinus arvorum NF ND - - 576 17 146:22 3823
Musca indica 621 19 146:19 4772 NF ND - -

and Kremen 2006, Nderitu et al. 2008). The members
of the family Apidae were found to forage on both
pollen and nectar. Diversity of 4 different types of
species under order Diptera was reported, playing
important role as pollinator. During morning from 8
am till 11 am, number of species viz., Musca indica
from family Muscidae, a few species of Brachioma
devia under family Sarcophagidae and two unknown
species from family Sciomizidae and Pipunculidae
respectively were observed and found to forage
mainly on nectar. Among all, Musca indica were
reported to be the most abundant to visit almost 4-5
plants per minute and their number varied from 2-3 /
plant. They were reported to spend about fraction of a
second on each flower. Though, very few in number,
but 4 different types of species viz., Crysocoris stolli
(Scutellidae), Leptocentrus taurus (Membracidae),
Nezara viridula (Pentatomidae) and one unknown
species (Miridae) under order Hemiptera were also
reported to pay visit to the flower head. They were
reported to show slow movement from one flower
head to another and observed to forage mainly on
the nectar of the flower head. They do not play any
noticeable role in pollination. Among order Coleop-
tera, three species, viz., Haltica sp., family Halticidae,
Menochilus sexmaculatus, family Coccinellidae
and Smicronyx fulvus, family Curculionidaec were
reported to be present (~3-4/plant). Menochilus sex-
maculatus followed by Haltica sp. were found to be
the most abundant Coleoptera visiting the crop plant
during 11-1 pm and again after 2 pm that remained
there till 5 pm. They were observed to forage mainly
as predators.

Furthermore, two species viz., Spodoptera litura

and Helicoverpa armigera from family Noctuidae
under order Lepidoptera were observed to forage the
flower head during night from 16.00 hrs till 19.00 hrs
as nocturnal pollinators, which is in conformity with
Radford et al. (1979). They forage on the nectar of
the crop plant.

CONCLUSION

The following observations led us to the inference
that the floral visitors reported and observed were
the pollinators of the aforesaid crop plants : 1) The
time of visit by these visitors corresponds with the
duration of pollen transfer onto the hairy stigma, 2)
The visitors in a flower were seen to be profusely
smeared with yellow pollen grains on the dorsal
surface of their head, thorax, legs and antennae, 3)
While moving within a flower, they come in contact
with the dehisced anthers and the stigma. On the basis
of the above observations, Apis sp. was found to be
the active and efficient pollinators in all the four crop
plants. Out of the three species of honey bees, Apis
mellifera was found to have the highest pollination
efficiency index whereas the non-Apis bees were
found to have a very low pollination efficiency index
though it was presumed that probably these non-Apis
bees enhanced the foraging capability of Apis bees.

Next to order Hymenoptera, it was the insect
species under family Syrphidae and Muscidae, from
order Diptera, that was found to be active pollinators
with moderate pollination efficiency index. Their
abundance per quadrate was reported to be maximum
in Helianthus annuus whereas diversity was high in
Brassica nigra.



Order Coleoptera, comprising of five species
from three families, were reported to be active pred-
ators attacking the resting aphids rather than efficient
pollinators, found in flower Brassica nigra, Corian-
drum sativum and Helianthus annuus.

Abundance per quadrate was reported to be
maximum with order Coleoptera in case of Brassi-
ca nigra, whereas the diversity of insect order was
found to be maximum with order Lepidoptera found
in Tagetes erecta.

Thus, this is a preliminary attempt to make a re-
port of insect pollinators for the cash crops from South
Bengal, which will certainly help the future workers
as a baseline data of pollinators and pollination of the
crops from this area. Hence, conservation of these
species’ diversity is an absolute necessary for the
crop plant pollination and seed production in future.
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