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ABSTRACT. Eighteen Apis dorsata Fabricius summer honey samples collected from Prayagraj District (Uttar
Pradesh) during the summer season were analysed for pollen content. A total of 43 pollen types belonging to
26 plant families were found in these samples. Five of the 18 honey samples were found to be unifloral; 13 were
multifloral. In terms of frequency, pollen of Syzygium cumini, Azadirachta indica and Coriandrum sativum were
recorded as predominant pollen types, 11 pollen types as secondary pollen types, 23 as important minor pollen
types, and 38 as minor pollen types. The Asteraceae family showed the highest frequency of occurrence. Four pol-
len types were recorded in more than 50% of the honey samples: Ageratum conyzoides, Bombax ceiba, Azadirachta
indica and Syzygium cumini. Absolute pollen type counts per 10 g of honey samples ranged from group II to group
V. The aim of determining and evaluating the pollen data was to infer the flora visited by the honeybees during
the summer season in Prayagraj District. The findings were correlated with the pattern of vegetation in the vicinity
of the bee hive sites during honey production. The study indicates that Prayagraj District has good potential for
beekeeping ventures, due to the high diversity of nectar- and pollen- producing taxa during the summer season.
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INTRODUCTION

Pollen analysis of honey is used to provide
reliable information regarding the floral types
that serve as major or minor nectar and pol-
len sources for the honeybees. It is also used to
the determine the geographical and botanical
origin of honey (Louveaux et al., 1978; Barth,
2004; Von Der Ohe et al., 2004). Significant
pollen analyses of summer honey samples have
been done by a number of pioneer workers from
time to time in various areas of India: Andhra
Pradesh (Jhansi et al., 1991; Ramanujam and
Kalpana, 1992; Ramanujam and Khatija, 1992;
Ramanujam, 1994; Lakshmi and Suryanara-
yana, 2004), Assam (Bera et al., 2007; Dixit
et al., 2012), Karnataka (Bhusari et al., 2005;
Bhargava et al., 2009; Chauhan and Mur-
thy, 2010; Sivaram et al., 2012; Ponnuchamy
et al., 2014), Himachal Pradesh (Attri, 2010),
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Maharashtra (Ghugal et al., 2015; Mate, 2015;
Laxmikant and Mate, 2014, 2016), Sikkim
(Bera et al., 1997), Sundarbans (Jana and Bera,
2004), Madhya Pradesh (Chauhan and Qua-
mar, 2010; Harugade et al., 2016), Uttarakhand
(Dixit et al., 2013) West Bengal (Layek et al.,
2015) and Uttar Pradesh (Chauhan and Singh,
2010; Chauhan and Trivedi, 2011).
Melissopalynological accounts of winter honey
samples of Prayagraj District, Uttar Pradesh,
have been given by Sahney et al. (2018) and
Shukla and Kumar (2020), but no information
on pollen analyses of summer honey samples of
Prayagraj District is available. The aim of the
present study was to determine and evaluate
the pollen sources for honeybees in Prayagraj
District during the summer season, to help bee-
keepers properly manage their bee colonies. We
also correlated the findings with the pattern of
vegetation in the vicinity of the bee hive sites.
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MATERIALS AND METHODS

STUDY AREA

Prayagraj is a district of Uttar Pradesh which lies
at 24°47'N to 25°45'N and 81°84'E to 82°30'E at about
98 m above sea level (Fig. 1). The plain area of the
district is situated at the confluence of the Ganga and
Yamuna, the two main rivers of the district, so these
rivers play a very pivotal role in agriculture there. The
climate of Prayagraj District is typical humid subtropi-
cal, with three seasons: hot dry summer, warm humid
monsoon and cold dry winter. The summer season lasts
from April to June, with maximum temperatures rang-
ing from 40°C to 45°C. The monsoon lasts from early
July to late September, and the winter season lasts
from December to March (District Census Handbook
Allahabad, India 2011). Prayagraj District is mainly
agricultural, the main crops being wheat (Triticum
aestivum) during winter and rice (Oryza sativa) during
autumn. Most cultivated areas are planted with Bras-
sica campestris, Coriandrum sativum, Sesamum indi-
cum, Solanum melongena and Solanum tuberosum. In
cropland and uncultivated areas, a number of weeds
(Ageratum conyzoides and Parthenium hysterophorus)
and trees (Azadirachta indica, Butea monosperma,
Ziziphus glaberrima, Phyllanthus emblica, Termina-
lia arjuna, Ziziphus numilaria, Holoptelea integrifolia,
Madhuca longifolia, Mangifera indica, Psidium gua-
Java, Salmalia malabarica, Boswellia serrata, Acacia
catechu and Vachellia nilotica) are the chief taxa of
Prayagraj District. Some other tree species including

Eucalyptus sp. and Callistemon sp., planted for forestry
programs, are also heavily used as pollen and nectar
sources by honeybees in Prayagraj District (Mishra and
Verma, 1992).

SAMPLE COLLECTION

Eighteen squeezed raw honey samples were col-
lected from eight different localities of Prayagraj
District during the summer season (April — June) in
2017-2018 by professionals under our supervision. The
localities are as follows: near Sirsa road (Sample num-
bers: PR1, PR8, PR17), Bara (PR15, PR18), Sevaith
(PR2, PR11), Saidabad (PR3, PR16), Handia (PR4,
PR7, PR12), Phoolpur (PR5, PR13), Koraon (PR6,
PR9) and Naini (PR10, PR14). All honey samples were
collected from summer Apis dorsata hives, then were
stored in airtight plastic bottles and labelled. Field
surveys were done to document the vegetation grow-
ing around the honey collection sites. Floral materials
were collected during the field survey for preparation
of pollen reference slides.

PALYNOLOGICAL ANALYSIS

The honey samples for microscopic pollen analysis
were prepared in the laboratory as follows: one gram
of honey was dissolved in 10 ml of distilled water and
centrifuged. The supernatant was disposed of and the
residue washed again with 10 ml of distilled water.
The recovered sediment was treated with 5 ml of
glacial acetic acid and the mixture was subjected to
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Fig. 1. Map showing the study area in Prayagraj District, Uttar Pradesh
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acetolysis (Erdtman, 1960). Permanent pollen slides
were prepared with safranin glycerine jelly. Four pol-
len slides of each honey sample were prepared. Three
hundred or more pollen grains were counted per slide,
for a total of 1200 or more pollen grains counted from
each sample. Qualitative pollen analyses employed
the methods recommended by the International Com-
mission for Bee Botany (Louveaux et al., 1978). Pollen
grains retrieved from the honey samples were identi-
fied by comparing them with the reference pollen slides
and the relevant literature. The reference slides were
prepared following the methods of Wodehouse (1935).

FREQUENCY CLASSES, FREQUENCY
OF OCCURRENCE, RELATIVE FREQUENCY
AND ABSOLUTE POLLEN COUNT

Pollen frequency was calculated as the percent-
age share of pollen grains of a particular taxon in the
total number of grains counted. Once identified and
counted, the pollen grains were assigned to one of the
following frequency classes: predominant pollen type
(above 45%), secondary pollen type (16-45%), impor-
tant minor pollen type (3—15%) and minor pollen type
(below 3%) (Louveaux et al., 1978). On the basis of the
frequency classes, honey samples were categorized as
unifloral or multifloral, depending on the presence of
a predominant pollen type. Multifloral honey was fur-
ther divided into bifloral and polyfloral honey. In biflo-
ral honey, two secondary pollen types were recorded;
in polyfloral honey, three or more secondary pollen
types were recorded (Ramirez et al., 2011).

Frequency of occurrence, the relative percentage
share of samples in which a certain pollen type was
encountered, was calculated by dividing the number
of samples in which a pollen type occurred by the total
number of samples and then multiplying the quotient
by 100. On the basis of frequency of occurrence, pol-
len types were classified as very frequent (>50%), fre-
quent (20-50%), infrequent (10-20%) and rare (<10%)
(Feller-Demalsy et al., 1987).

Relative frequency was calculated by dividing
the number of samples in which a taxon occurred by
the total number of taxa, then multiplying by 100 to
obtain a percentage.

The absolute pollen counts (APCs) of honey sam-
ples (i.e. the number of pollen grains per 10 g honey)
were obtained using a haemocytometer (Suryanaray-
ana et al., 1981). The squeezed honeys showed more
pollen grains than centrifugated honey (Von Der Ohe
et al., 2004). The honey samples were assigned to the
following APC groups: Gp I (APC<20,000), Gp II (APC
20,000-100,000), Gp III (APC 100,000-500,000), Gp IV
(APC 500,000-1,000,000), Gp V (APC>1,000,000) (Lou-
veaux et al., 1978). These pollen count groups respec-
tively correspond to extremely poor, poor, rich, very
rich and extremely rich pollen content in honey (Jose
et al., 1989).

PHOTOGRAPHY

Photomicrographs of pollen grains were taken using
a Leica DM 2500 light microscope fitted with a Leica
DFC295 camera. Scanning electron micrographs were
taken with a JSM—6610LV scanning electron microscope.

RESULTS

Forty-three pollen morphotypes belong-
ing to 26 plant families were recorded from
the 18 summer honey samples collected from
the Prayagraj District, Uttar Pradesh, during
2017-18. Thirty-nine of the 43 pollen morpho-
types were recorded as entemophilous/amphi-
philous and two as anemophilous pollen taxa
(Tab. 1). Pollen grains of Amaranthus sp. and
Poaceae members were considered to be ane-
mophilous plant taxa and were encountered
in both the important pollen type and minor
pollen type frequency classes. Table 2 presents
the obtained pollen analysis data (including
frequency) for the summer honey samples. The
major nectarifeous and polleniferous plant taxa
retrieved from the samples were Ageratum
conyzoides, Azadirachta indica, Bombax ceiba,
Butea monosperma, Cassia fistula, Citrus sp.,
Dalbergia sissoo, Moringa oleifera, Syzygium
cumini and Terminalia sp. The main nectar-
less plant taxa were Cassia fistula, Amaran-
thus sp. and Mimosa pudica (Tab. 1; Fig. 3).

The number of pollen types found in each
sample ranged from 8 to 22. The families with
the greatest diversity of pollen types were
Fabaceae (10 pollen types), Asteraceae (8), and
Myrtaceae (2) (Tab. 2). Unidentified pollen taxa
were recorded in 12 samples (PR2, PR3, PR5,
PR6, PR7, PR8, PR9, PR10, PR11, PR14, PR16,
PR17) at low frequency (0.55-1.55%) (Tab. 2).

Five of the 18 honey samples qualified as
unifloral (27.78%, n=5) due to the presence of
predominant pollen types (>45%) and 13 honey
samples were multifloral (72.22%, n=13).
Syzygium cumini (11.11%, n=2), Azadirachta
indica (11.11%, n=2) and Coriandrum sati-
vum (5.56%, n=1) were recorded as predomi-
nant pollen types in those five samples. In the
13 samples that were multifloral, three were
bifloral (16.67%) due to the presence of two
secondary pollen types, and ten were polyfloral
(55.56%), having three or more secondary pol-
len types. Eleven plant taxa were registered
as secondary pollen types in the bifloral and
polyfloral honey: Acacia sp., Ageratum cony-
zoides, Azadirachta indica, Bombax ceiba,
Butea monosperma, Cassia fistula, Citrus sp.,
Coriandrum sativum, Dalbergia sissoo, Mor-
inga oleifera and Syzygium cumini (Tab. 2;
Figs 2, 4). In terms of frequency class, 23 pol-
len types were important minor types (3—15%)
and 38 pollen types were minor types (<3%).
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Table 1. Habit, flowering period, common name, mode of pollination and sources of plant species of Prayagraj District Uttar

Pradesh

. . . Mode
Plant species Common name Family Habit .. Sources

of pollination

Acacia sp. Acacia Fabaceae Tree EN N2p?
Ageratum conyzoides L. Chickweed Asteraceae Herb EN Nep3
Amaranthus sp. Amaranth Amaranthaceae Herb AN P2
Argemone mexicana L. Prickly poppy Papaveraeceae Herb AM pP3
Azadirachta indica A. Juss. Margosa Meliaceae Tree EN N2p?
Bauhinia variegate L. Kachnar Fabaceae Tree EN N2p!
Bombax ceiba L. Silk cotton tree Bombacaceae Tree EN N'P!
Butea monosperma (Lam.) Kuntze Palas Fabaceae Tree EN N3p3
Cassia fistula L. Golden shower Fabaceae Tree AM P2
Catharanthus sp. Periwinkle Apocynaceae Herb EN N2p?
Chrysanthemum sp. Chrysanths Asteraceae Herb EN N°p3
Citrus sp. Lemon Rutaceae Shrub EN N'P!
Combretum indicum L. Chinese honeysuckle | Combretaceae Climber EN p?
Coriandrum sativum L. Coriander Apiaceae Herb EN N3p3
Cucurbita maxima Duchesne Pumpkin Cucurbitaceae Climber EN N'P!
Cyperaceae Sedge family Cyperaceae Herb AN p!
Dalbergia sissoo Roxb. Sissoo Fabaceae Tree EN N'P!
Delonix regia Raf. Flame tree Fabaceae Tree EN NZ2p?
Dianthus sp. Carnation Caryophyllaceae Herb EN Nep?
Eucalyptus sp. Eucalyptus tree Myrtaceae Tree AM N'P!
Helianthus annuus L. Sunflower Asteraceae Herb EN N'P!
Justicia adhatoda L. Adhatoda Acanthaceae Weed EN N'p!
Lycopersicon esculentum Mill. Tomato Solanaceae Herb EN pP3
Madhuca longifolia (J. Konig.) J.F. Macbr. | Mahua Sapotaceae Tree EN N'P!
Mangifera indica L. Mango Anacardiaceae Tree EN Nep3
Mimosa pudica L. Touch-me-not Fabaceae Herb EN P!
Moringa oleifera Lam. Moringa tree Moringaceae Tree EN N'P!
Morus alba L. White mulberry Moraceae Tree AM P2
Ocimum sanctum L. Basil Lamiaceae Herb EN N3p?
Parthenium hysterophorus L. Carrot grass Asteraceae Herb EN N'P!
Phaseolus sp. Bean Fabaceae Climber EN N'P!
Phyllanthus emblica L. Indian gooseberry Phyllanthaceae Tree EN N2p?
Prosopis juliflora (Sw.) DC. Kikar Fabaceae Tree EN N'P!
Poaceae Grass family Poaceae Herb AN P!
Sesamum indicum L. Sesamum Pedaliaceae Herb EN N'P!
Spilanthus sp. Spilanthus Asteraceae Herb EN N3p!
Sonchus arvensis L. Sow thistle Asteraceae Herb EN Nep3
Stellaria sp. Starwort Asteraceae Herb EN N'P!
Syzygium cumini (L.) Skeels. Blackberry Myrtaceae Tree EN N'P!
Tagetes erecta L. Marigold Asteraceae Herb EN Nep?
Tamarindus indica L. Tamarind Fabaceae Tree EN N3p3
Tecoma stans L. Yellow trumpetbush | Bignoniaceae Tree EN N2p?
Terminalia sp. Terminalia tree Combretaceae Tree EN N'P!
Vernonia sp. Iron weed Asteraceae Herb EN N'pP!

AN — Anemophilous taxa; AM — Amphiphilous taxa; EN — Entomophilous taxa; N — nectar; P — Pollen; N! = Major nectar
source; P! = Major pollen source; N2 = Medium nectar source; P? = Medium pollen source; N® = Minor nectar source; P? =

Minor pollen source

The important minor and minor pollen types
were Amaranthus sp., Bauhinia varigata,
Butea monosperma, Delonix regia, Dalbergia
sissoo, Madhuca longifolia, Mangifera indica,
Mimosa pudica, Morus alba, Phyllanthus
emblica, Prosopis juliflora, Parthenium hys-
terophorus and Terminalia sp.

Members of Asteraceae had the highest
frequency of occurrence 72.22% (n=13) and
relative frequency (4.80) (Tab. 3), followed
by Fabaceae (n=11, FC 61.11%, RF 4.06),

Myrtaceae (n=9, FC 38.89%, RF 2.58), Solan-
aceae (n=9, FC 38.89%, RF 2.58) and Poaceae
(n=8, FC 44.44%, RF 2.95). Four pollen types
were found in more than 50% of the samples:
Ageratum conyzoides (n=13, FC 72.22%, RF
4.80), Bombax ceiba (n=10, FC 50.00%, RF
3.32), Azadirachta indica (n=9, FC 55.56%,
RF 3.39) and Syzygium cumini (n=10, FC
50.00%, RF 3.32 ) (Tab. 3).

Based on absolute counts of the pollen types
per 10 g of summer honey samples, 22.22%
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Table 2. Pollen grains recovered from summer honey, and their frequency (U — unifloral, P — polyfloral, B — bifloral)

PR1

I
Pollen type E

Acacia sp. 23.5 19.25 6.5
Ageratum conyzoides 15.8| 16 |19.55 12.65| 22.5 29.75|39.22| 6.95 | 7.22 2.42
Amaranthus sp. 8.6 2.86 5.75 0.92
Argemone mexicana 1.85 2.98 5 1
Asteraceae 1 ]0.55 1 ]21.26| 3.50 | 3.25 1.65|0.65| 298 |2.15| 2 3.50| 5.75
Azadirachta indica 225 1 53 5 57.67 17 2.44 | 29 1 0.92
Bauhinia variegata 1.15 5 1
Bombax ceiba 27.5|21.72 2 1.15 33.85 1 29.45|2.3529.22
Butea monosperma 8 | 6.2 |175 17 8.98 6.55
Cassia fistula 7.5 |17.6 9.65 12.7 16.45 19.55
Catharanthus sp. 1.73 0.65 1.65
Chrysanthemum sp. 5 1.15 1.66 7.8
Citrus sp. 32.55 23 | 5.35 27.55(17.75| 17
Combretum indicum 2 1 2.82
Coriandrum sativum 2.62 0.55 17.55 18 [47.28
Cucurbita maxima 2 2 7 1
Cyperaceae 7 3 9 2.45 |2.55
Dalbergia sissoo 6.4 8.2 2 11 16.98
Delonix regia 2 2.85
Dianthus sp. 1 1 1

Eucalyptus sp. 1 266 | 5 5 22
Fabaceae 5 1 9 4 1.8223.565| 2 |1.70| 1.55 55| 5.8
Helianthus annuus 3.5 3 7.2 2 1.57
Justicia adhatoda 1 0.75 2.33 1.15
Lycopersicon esculentum 1 2.85 5.45 1 1
Madhuca longifolia 4.15 2 1.78 1
Mangifera indica 1 1 1.7 1 2.15
Mimosa pudica 2 3 1 |2.15 2.65
Moringa oleifera 5 143 1 2.15 16.8 5
Morus alba 13.2 2 1185 1.15
Myrtaceae 1 2 4.26 2.55|10.68| 24 9.22
Ocimum sanctum 1.15 3.25 1.55 2.4 54 |24
Parthenium hysterophorus| 2 1 130 2 2.55 2
Phaseolus sp. 1 1 2 | 1.65
Phyllanthus emblica 1 5 2.35
Prosopis juliflora 5.5 2 2.25| 2 1.78
Poaceae 3.75 5.45 7 2 5 1 2 2

Sesamum indicum 2 2 1
Spilanthus sp. 0.50 1.98 1
Solanaceae 2.8 1 1 2 |16.33 165| 1
Sonchus arvensis 2 1 1.9 1
Stellaria sp. 2 0.85 1 1.7
Syzygium cumini 71.2 1 63.75 5.5 | 1.55 0.63 2.15 17.98| 1.7
Tagetes erecta 1 1.35 1 2 2.65
Tamarindus indica 2 1 1.5 12.35
Tecoma stans 1 1 1 1
Terminalia sp 1 1.72 1 1 |0.85
Vernonia sp. 1.22 1 1 |2.15 1.15
Type A 0.50 1 1.68
Type B 1 1 1 ]0.85 1
Type C 1 1.5 1 0.65 0.55
Type D 1 0.98
Honey type U | P P | U | U B P U B P P B P P P P P| U
Total pollen types 8 |17 | 22 | 8 9 15 | 19 | 11 | 14 | 19 | 18 | 15 | 18 | 20 | 19 | 17 | 18 | 12

No. of unidentified
pollen types
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23 May 2019
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Fig. 2. Scanning electron micrographs and photomicrographs of selected pollen grains recovered from summer honey samples
from Prayagraj District. A, Al. Bombax ceiba; B. Syzygium cumini; C. Amaranthus sp.; D, D1. Coriandrum sativum; E. Euca-
lyptus sp.; F. Stellaria sp.; G, G1. Ocimum sanctum; H. Morus alba; 1. Vernonia sp.; J, J1. Moringa oleifera; K. Chrysathemum
sp.; L. Parthenium hysterophorus; M. Phaseolus sp.; N. Tagetes erecta; O. Solanaceae; P. Ageratum conyzoides; Q. Phyllanthus
emblica.; R. Sonchus arvensis; S. Spilanthus sp.; T. Poaceae. Scale bar = 20 pm
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Fig. 3. Nectariferous/polleniferous plant taxa and plant families found in >25% of samples of summer honey collected from

Prayagraj District, Uttar Pradesh

(n=4) of the samples belong to Group II (in
samples PR1, PR5, PR12, PR16), 38.89%
(n=7) to group III (PR4, PR6, PR9, PR13,
PR15, PR18), 22.22% (n=4) to group IV (PR2,
PR7, PR8, PR17) and 16.67% (n=3) to group V
(found in PR3, PR10, PR14) (Fig. 5).

DISCUSSION

Our study yielded the first new insights into
the pollen composition of summer honey pro-
duced by Apis dorsata in Prayagraj District of
Uttar Pradesh. A total of 43 plant taxa belong-
ing to 26 plant families comprising shrubs,
trees, weeds and grasses were identified as bee
forage sources. The most visited plants were in
the family Asteraceae, followed by Fabaceae.
Our results are similar to those reported from
the Indo-Gangetic plains (Chauhan and Singh,
2010; Chauhan and Trivedi, 2011; Chauhan
et al., 2015; Sahney et al., 2018; Shukla and
Kumar, 2020).

Among the predominant pollen types, Syzy-
gium cumini was high in frequency of occur-
rence and also relative frequency. Syzygium
cumini was the predominant pollen type in two
samples, a secondary pollen type in one sam-
ple, an important pollen type in one sample and
a minor pollen type in five samples, indicating

that Syzygium cumini is a major nectar and pol-
len source for Apis dorsata during the summer
season when Syzygium cumini attains peak
flowering. In a study from Lucknow District,
Uttar Pradesh, Chauhan et al. (2015) found that
Syzygium cumini was the main bee forage plant
during the summer season. Syzygium cumini is
a widely cultivated tree conserved for apicul-
ture, as the flowers have abundant nectar and
the honey produced is of very good quality. Due
to its pan-Indian distribution, Syzygium cumini
has also been recorded as a predominant pol-
len type in honey from Karnataka (Singh and
Suryanarayana, 1997) and Andhra Pradesh
(Lakshmi and Suryanarayana, 2004).
Azadirachta indica, another plant with
a pan-Indian distribution, showed high fre-
quency of occurrence and relative frequency. It
was the predominant pollen type in two sam-
ples, a secondary pollen type in two samples,
an important pollen type in one sample and
a minor pollen type in four samples. It is con-
sidered to be a chief nectar and pollen source
in the study area during the summer season.
Azadirachta indica can be the predominant
pollen type of unifloral honey in homogeneous
vegetation with low plant diversity or when
intensive bursts of flowering temporarily domi-
nate the floral resources in the summer. Hon-
eybees eagerly forage on Azadirachta indica.
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Fig. 4. Frequency of secondary pollen types found in both bifloral and polyfloral summer honey collected from Prayagraj

District, Uttar Pradesh

Azadirachta indica has also been documented
as the predominant pollen type in honey from
Hyderabad (Kalpana et al., 1990), Nagpur
(Cherian et al., 2011) and Bhandara District,
Maharashtra (Ghugal et al., 2015). Azadirachta
indica produces very low nectar. Nectar and
pollen grains of Azadirachta indica are consid-
ered to be slightly toxic to honeybees (De Mes-
quita et al., 2010).

Coriandrum sativum, a cultivated plant, was
the predominant pollen type in one honey sam-
ple we collected. It has also been documented
as an important honeybee forage plant in Mur-
shidabad District (Jana et al., 2002), West Ben-
gal (Chakraborti and Bhattacharya, 2011) and
Western Ghats (Bhargav et al., 2009).

Acacia sp. was recorded as a secondary pol-
len type in both bifloral and polyfloral honey.
In their study from the slopes of Kotagiri, Nil-
giris (Tamil Nadu, India), Rehel and Padwam-
athi (2014) found that Acacia sp. provided for-
age for honeybees. Ageratum conyzoides was
found in our study as a secondary pollen type
in both bifloral and polyfloral honey. It was also
recorded as an important minor and minor pol-
len type. Ageratum conyzoides is an invasive
weed. It showed high frequency of occurrence
in the summer honey. Ageratum conyzoides was
found to be the exclusive source of nectar and
pollen in honey studies from Andhra Pradesh
(Ramakrishna and Swati, 2013), Uttarakhand
(Dixit et al., 2013) and Uttar Pradesh (Chau-
han and Trivedi, 2011; Chauhan et al., 2017,

Sahney et al., 2018; Shukla and Kumar, 2020).
In our study, Bombax ceiba was a secondary pol-
len type in five samples and a minor pollen type
in four samples, and showed high frequency of
occurrence. Similar observations were reported
in other studies (Siavaram, 2012; Chauhan
et al., 2015, 2017). Cassia fistula was recorded
from six honey samples. In three of them it was
a secondary pollen type and in the others it was
an important minor type. It was of frequent
occurrence. Cassia fistula is a polleniferous/
nectarless tree species. Pollen grains of Cassia
fistula have been reported in honey from vari-
ous parts of India (Tiwari et al., 2010; Haru-
gade et al., 2016; Tripathi et al., 2017). Citrus
was identified as a secondary pollen type in the
present study. Citrus species are an important
horticultural crop and are recognized as a major
pollen source for apiculture in India (Pal and
Karmarkar, 2013; Sahney et al., 2018). Pollen
grains of Eucalyptus sp. and Moringa oleifera
were also represented as secondary pollen types
in our honey samples. Both Eucalyptus sp.
and Moringa oleifera are important bee forage
plants having a wide distribution (Noor et al.,
2016). Parthenium hysterophorus is an exotic
weed plant with a widely expanding distribution
in India. Though it flowers profusely, we found
that it was of minor importance for foraging by
bees. Chauhan et al. (2015) also found Parthe-
nium hysterophorus to be a minor forage plant
for bees in Uttar Pradesh. Suryanarayana et al.
(1992) reported Parthenium hysterophorus as
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Fig. 5. Absolute pollen counts (pollen grains per 10 g honey)
of summer honey, by APC group (Louveaux et al., 1978):
Group II found in 4 samples (22.22%), Group III found in
7 samples (38.89%), Group IV found in 4 samples (22.22%)
and Group V found in 3 samples (16.67%)

a major forage plant in their study in Muzaffa-
rpur (Bihar). Prosopis juliflora was documented
as an important minor pollen type and minor
pollen type in the present study. Prosopis juli-
flora is an invasive woody species that blooms
from March to May around the study sites. This
species has been registered as a significant for-
age plant for bees in agricultural tracts of Ranga
Reddy and Guntur districts of Andhra Pradesh
during the summer (Kalpana and Ramanujam,
1990; Ramanujam and Khatija, 1992). We found
that Tamarindus indica was a minor source for
Apis dorsata. Seethalakshmi (1983) recognized
Tamarindus indica as a chief source of both nec-
tar and pollen for Apis cerana during the sum-
mer. Ramanujam and Kalpana (1992) reported
Tamarindus indica as a predominant pollen
type in their study of honey from Apis flora
honeybees in Ranga Reddy District, Andhra
Pradesh. The low pollen counts we obtained for
Madhuca longifolia, Mangifera indica and Phyl-
lanthus emblica indicate that they were only
occasionally visited by the honeybees or that
these plants were not common in the vicinity of
the study area. Similar observations were made
by Chauhan and Trivedi (2011).

Pollen grains from many species of Asteraceae
were recorded as of very frequent occurrence,
followed by members of Fabaceae, Myrtaceae,
Solanaceae, Cyperaceae and Poaceae. Various
authors have documented these families as for-
age plants for bees (Bhusari et al., 2005; Shub-
harani et al., 2012; Layek et al., 2016). Some
families (Cyperaceae, Poaceae, Solanaceae,
Myrtaceae) were documented as nectarless/
polleniferous plant taxa in our present study.
The presence of pollen from nectarless plants in

Plant species FC RF
Acacia sp. 33.33 2.21
Ageratum conyzoides 72.22 4.80
Amaranthus sp. 22.22 1.48
Argemone mexicana 22.22 1.48
Asteraceae 72.22 4.80
Azadirachta indica 55.56 3.69
Bauhinia variegata 16.67 1.11
Bombax ceiba 50.00 3.32
Butea monosperma 33.33 2.21
Cassia fistula 33.33 2.21
Catharanthus sp. 16.67 1.11
Chrysanthemum sp. 22.22 1.48
Citrus sp. 22.22 1.48
Combretum indicum 16.67 1.11
Coriandrum sativum 22.22 1.48
Cucurbita maxima 22.22 1.48
Cyperaceae 27.78 1.85
Dalbergia sissoo 27.78 1.85
Delonix regia 11.11 0.74
Dianthus sp. 16.67 1.11
Eucalyptus sp. 27.78 1.85
Fabaceae 61.11 4.06
Helianthus annuus 27.78 1.85
Justicia adhatoda 22.22 1.48
Lycopersicon esculentum 27.78 1.85
Madhuca longifolia 22.22 1.48
Mangifera indica 27.78 1.85
Mimosa pudica 27.78 1.85
Moringa oleifera 33.33 2.21
Morus alba 22.22 1.48
Myrtaceae 38.89 2.58
Ocimum sanctum 33.33 2.21
Parthenium hysterophorus 33.33 2.21
Phaseolus sp. 22.22 1.48
Phyllanthus sp. 16.67 1.11
Prosopis juliflora 27.78 1.85
Poaceae 44.44 2.95
Sesamum indicum 16.67 1.11
Spilanthus sp. 16.67 1.11
Solanaceae 38.89 2.85
Sonchus arvensis 22.22 1.48
Stellaria sp. 22.22 1.48
Syzygium cumini 50.00 3.32
Tagetes erecta 27.78 1.85
Tamarindus indica 22.22 1.48
Tecoma stans 22.22 1.48
Terminalia sp 27.78 1.85
Vernonia sp. 27.78 1.85
Type A 16.67 1.11
Type B 27.78 1.85
Type C 27.78 1.85
Type D 27.78 1.85

squeezed honey has been reported from Orissa
(Upadhyay et al.,, 2014) and West Bengal
(Layek et al., 2015, 2016, 2020).Von Der Ohe
et al. (2004) reported nectarless pollen grains
under quaternary enrichment.

In terms of absolute pollen counts, 14 honey
samples were registered as rich (group III) to
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extremely rich (V), indicating high availability
of the various forage taxa we recorded in the
study area. Nectarless plants (Amaranthus
sp., Cassia fistula, Cyperaceae and Poaceae)
had low absolute pollen counts. The highest
number of pollen morphotypes belonged to
entomophilous taxa, followed by amphiphilous
and anemophilous taxa. Similar observations
were made by Chanda and Ganguly (1981)
in their study of honey samples from Andhra
Pradesh, Karnataka, Kerala, Orissa and West
Bengal. The scanty record of pollen from ane-
mophilous plant taxa such as Amaranthus sp.
and Poaceae indicated that it was trapped in
the hives incidentally by wind or was inadvert-
ently transported by worker honeybees.

The study area’s climate is mainly humid
subtropical. Blooming of trees, shrubs and
herbs peaks during the summer. These plants
are abundant among agricultural fields. Our
pollen analysis showed that the main forage
flora for bees of Prayagraj District comprises
Ageratum conyzoides, Azadirachta indica,
Bombax ceiba, Butea monosperma, Citrus
sp., Coriandrum sativum, Eucalyptus sp. and
Syzygium cumini. The pollen grains found in
the honey samples belong to the locally domi-
nant flowering plants, both wild and cultivated.

CONCLUSION

This study is the first pollen analysis of
summer honey samples collected from Pray-
agraj District, Uttar Pradesh. The obtained
data reflect the abundance of nectar and pol-
len sources in the vicinity of the bee hive sites
during honey production, and frequent visit-
ing of those sources by the area’s honeybees.
With respect to the bee’s preferences, the
majority of the foraged plants are trees, fol-
lowed by shrubs and herbs. Ageratum conyzo-
ides, Azadirachta indica, Bombax ceiba, Butea
monosperma, Citrus sp., Coriandrum sativum,
Eucalyptus sp. and Syzygium cumini are the
main summer-blooming plants preferred. The
high frequency of their pollen in the samples
means that they should be considered impor-
tant and reliable sources of nectar and pollen
for honey production. The study shows that
Prayagraj District has a rich flora conducive
to production of good-quality honey of high
potential for commercialization of regional
honey.
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