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Abstract

The melissopalynological investigations were carried out to study the bee flora of Apis cerana at Bangalore region by collecting honey samples from three different locations. The investigations made on 142 pollen loads of A. cerana workers indicated that 73.61 per cent of pollen loads were unifloral and remaining were multifloral. A pollen spectra was prepared and revealed that pollens of Cocos, Eucalyptus, Callistemon, Pongamia, Antegonon, Mimosa, Brassica were predominant in the honey samples analysed from Bangalore, India.
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Introduction

Melissopalynological studies play a very important role in beekeeping industry and these studies highlight various types of honeys that can be obtained in different seasons and also the flow and dearth periods in a locality.  Sadruddin and Tripathi (1985) identified 27 pollen types present in ten honey samples collected at different times of the year from eastern Uttar Pradesh and ten of the pollen types present have been reported to be allergic to humans. Similarly, the analysis of apiary honey from Uttar Pradesh indicated the presence of 30 types of pollen grains (Gaur and Nanwani, 1989). However, Chaudhary (1978) analysed 5200 pollen loads collected from A. cerana and observed 56 per cent of pollen loads containing pollen of more than one plant species. Joshi et al. (1998) conducted the melissopalynological studies with 38 honey samples of which 28 were unifloral and ten were multifloral honeys.

Barth (1990) analysed more than 400 honey samples from different regions of Brazil and reported a pollen spectra of honey samples, which indicated that 190 of them were monofloral honeys.  Similarly, Mattu et al. (1997) analysed 30 honey samples and reported the presence of 11 predominant, 24 secondary, 40 important minor and 23 minor pollen types from Himachal Pradesh. Agashe and Rangaswamy (1997) conducted the melissopalynological analysis of five honey samples from Bangardka in Dakshina Kannada district of Karnataka and all the five samples were unifloral. Though information on melissopalynological studies of beeflora is available from different parts, such studies in and around  Bangalore, the garden city of India with special reference to A. cerana is meager. Hence, the present studies were undertaken.

Materials and Methods

Studies on melissopalynology were conducted from June 1999 to May 2000 at Bangalore, India. Honey samples were collected from bee colonies at an interval of 15 days from different locations of Bangalore.  The palynographs were prepared from the pollen grains collected from freshly opened flowers in the laboratory by dusting pollen on the center of a glass slide. After placing a drop of water on the pollen, it was mounted with cover slip. The pollen grains were observed under compound microscope and photographed. The palynographs were prepared from the honey samples by taking about 5 gm of honey from each sample diluted in distilled water in a test tube (1 : 1). The diluted samples were taken in Eppendorf tubes and centrifuged at 2000 rpm for 2 minutes. The supernatant was discarded and the pellet was placed on the center of a glass slide. To this, a drop of water was added and mounted by a cover slip. The palynographs were prepared by photography and the pollen grains were observed under the compound microscope (Sheshagiri, 1985). The number of pollen grains of each plant type were counted at 3-4 microscopic fields followed by the total number of pollen of each type in all the fields. The frequency of each type of pollen was expressed as percentage. A pollen spectra was prepared from pollen grains collected from flowers of different species within a locality. This pollen spectra was to act as a reference for the pollen types collected from the pollen loads of bees foraging within that locality (Louveavx et al., 1970).     The pollen types collected from a foragers was dislodged from the pollen baskets using a fine brush and were fixed in 70 per cent alcohol in small vials. These samples were used for the preparation of pollen photomicrographs which were placed under four pollen frequency classes recommended by the International Commission for Bee Botany (Moore and Webb, 1978). The recommended four pollen frequency classes are predominant pollen (above 45%), secondary pollen (16-45%), important minor pollen (3-15%) and minor pollen (less than 3%).

The sources of pollen were identified by comparison with reference palynographs. The per cent frequencies of each pollen source was calculated and a palynographs was prepared to identify the predominant, secondary, important minor and minor sources of pollen grains (Sheshagiri, 1985).

Results

Melissopalynological studies conducted on 24 honey samples collected from Apis cerana colonies at fortnightly intervals during the period from June, 1999 to May, 2000 is presented.

The observations made on bee flora of A. cerana at  Bangalore region revealed 142 plant species as nectar and /or pollen yielders. They constituted 28 field crops, 22 vegetable crops, 17 fruit and plantation crops, 21 ornamental plants, 25 herbs, shrubs and bushes and 29 trees.  The family-wise distribution of bee flora is presented in Table.1.

      Table. 1: Family-wise distribution of bee flora of Apis cerana in Bangalore region

Sl. No.
Family
Number of species

27
Annonaceae
1

28
Averrhoaceae
1

29
Balsaminaceae
1

30
Bombacaceae
1

31
Caricaceae
1

32
Chenopodiaceae
1

33
Combretaceae
1

34
Elaeocarpaceae
1

35
Liliaceae
1

36
Magnoliaceae
1

37
Meliaceae
1

38
Moringaceae
1

39
Musacease
1

40
Oleaceae
1

41
Papavaraceae
1

42
Pedaliaceae
1

43
Punicaceae
1

44
Rhamnaceae
1

45
Rosaceae
1

46
Rutaceae
1

47
Santalaceae
1

48
Sapotaceae
1

49
Simaroubaceae
1

50
Tiliaceae
1

51
Verbenaceae
1

52
Vitaceae
1

Sl. No.
Family
Number of species

01
Fabaceae
19

02
Asteraceae
15

03
Caesalpiniaceae
8

04
Cucurbitaceae
8

05
Solanaceae
7

06
Mimosaceae
6

07
Euphorbiaceae
5

08
Malvaceae
5

09
Poaceae
5

10
Myrtaceae
5

11
Brassicaceae
4

12
Lamiaceae
3

13
Rubiaceae
3

14
Bignoniaceae
3

15
Agavaceae
2

16
Anacardiaceae
2

17
Arecaceae
2

18
Convolvulaceae
2

19
Leguminosae
2

20
Lythraceae
2

21
Moraceae
2

22
Polygonaceae
2

23
Sapindaceae
1

24
Apiaceae
1

25
Acanthaceae
1

26
Amaranthaceae
1

Among the field crops recorded as pollen and/or nectar sources members of the family  Fabaceae  (12) and Poaceae (5) were predominant followed by of Asteraceae (3) and Malvaceae (3) and one species each of the families Brassicaceae, Euphorbiaceae, Leguminosae, Pedaliaceae and Solanaceae. Of the vegetable crops recorded, Cucurbitaceous plants topped the list (8 species) followed by Solancaeae (4), Fabaceae (3)  and Brassicaceae (3). One species each belonged to families Malavaceae, Convolvulaceae, Apiaceae and Liliaceae.

Among the fruit and plantation crops recorded as pollen and/or nectar sources, two species each belonged to Anacardiaceae, Arecaceae and one species to Annonaceae, Averrhoaceae, Caricaceae, Eleocarpaceae, Moraceae, Musaceae, Myrtaceae, Punicaceae, Rubiaceae, Rutaceae, Sapotaceae, Simarubaceae and Vitaceae.  The members of the family, Asteraceae were maximum (6 ) among ornamental plants followed by two species each from Agavaceae, Fabaceae and Lamiaceae and one species each from Bignoniaceae, Caesalpiniaceae, Convolvulaceae, Euphorbiceae, Lythraceae, Malvaceae, Myrtaceae, Polygonaceae and Rosaceae.

Of the herbs, shrubs and bushes that were recorded as pollen and/or nectar sources, six species belonged to the family Asteraceae, two species each of the families Rubiaceae and Solanaceae; one species each to Acanthaceae, Amaranthaceae, Balsaminaceae, Chenopodiaceae, Fabaceae, Lamiaceae, Leguminosae, Lythraceae, Magnoliaceae, Moraceae, Myrtaceae, Oleaceae, Papavaraceae, polygonaceae and Verbenaceae. 
Among the trees maximum plant species belonged to the family Caesalpiniaceae (7) followed by Mimosaceae (6) and Euphorbiaceae (3). Two species each belonged to families Bignoniaceae, Myrtaceae and one species each to Bombacaceae, Combretaceae, Fabaceae, Meliaceae, Moringaceae, Rhamnaceae, Sapindaceae, Santalaceae and Tiliaceae.

The pollen grains of Callistemon, Artocarpus and Canthium were predominant in the honey collected during first fortnight of June (33.2, 28.4 and 19.7%, respectively). Among the minor pollen types identified in the honey samples Delonix (9.1%), Antegonon (6.9%) and Bauhinia (2.7%) were important. In the second fortnight of June, pollen from Callistemon and Artocarpus (42.9 and 37.2%, respectively) were predominant while Canthium (14.8%) and Bauhinia (5.1%) became important minor pollen types in these honey samples.

During first fortnight of July, Callistemon (53.4%) was the predominant pollen type and Ageratum (13.4%), Cocos (11.4%), Zinnia (9.6%), Antegonon (6.5%) and Tridax (5.9%) were important minor pollen types present in the honey samples collected from Apis cerana colonies. In the second fortnight Callistemon (38.6%), Cocos (29.5%) and Ageratum (16.4%) were major pollen types whereas, Antegonon and Zinnia (8.2 and 5.8%, respectively) were important minor pollen types and a minor pollen type, Tridax (1.5%) was also present in the honey samples collected. Cocos (44.5%). Cucumis sativus (21.9%) and Anacardium (17.6%) were important “secondary” pollen types present in the honey samples collected during first fortnight of August. The “important minor” and “minor” types of pollen grains present in the honey samples were Arachis (8.5%), Canthium (4.8%) and Aster (2.7%) respectively. In the second fortnight of August, Cocos and Anacardium were “Predominant” and “Secondary” pollen types (57.2 and 16.5%, respectively) while Arachis, Antegonon, Aster and Zinnia (11.6, 6.1, 5.4 and 3.2 %, respectively) were “important minor types” present in the honeys samples.

Cocos (68.2%) and Anacardium (21.7%) were “Predominant” and “secondary” pollen types respectively, present in the honey samples collected in first fortnight of September. Sesamum (4.1%), Bidens (3.2%) and Coccinia (2.8%) were “important minor” and “minor” pollen types. In the second fortnight, both Cocos (42.8%) and Anacardium (26.7%) were important “Secondary” pollen types, Bidens (11.7%), Psidium (7.2%), Manilkera (5.8%) and Calendula (4.6%) were “important minor” pollen types and Citrus was the “minor” pollen type present in the honey samples.

During first fortnight of October, Eucalyptus and Cocos (41.7 and 21.6%, respectively) were the predominant pollen types. Santalum (14.1%), Bauhinia (8.5%), Sesamum (7.1%) and Coffea (4.2%) were important minor pollen types and Tridax (2.8%) was a minor pollen type in the honey samples. In the second fortnight, Eucalyptus 958.4%)  and Cocos (17.6%) were predominant and secondary pollen types. Sesamum (13.1%), Santalum (7.5%) and Tridax (3.4%) were important minor pollen types. Pollen analytical studies of honey samples collected from A. cerana colonies revealed that Callistemon, Artocarpus and Canthium were the important secondary pollen types in June and July, but Callistemon became the Predominant source in the honey samples collected from first fortnight of July. Cocos and Anacardium were the important secondary pollen types in August and September. But Cocos acts as a predominant pollen type in second fortnight of August and first fortnight of September. The important minor and minor pollen types present in the monsoon honey samples were Delonix, Antegonon, Bauhinia, Zinnia, Tridax, Arachis, Aster, Sesamum, Bidens, Psidium, Calendula, Manilkera, Citrus and Coccinia. (Fig. 1).

During first fortnight of November, Eucalyptus (61.4%) was the “predominant” pollen type present in the honey samples collected and Mimosa was important “Secondary” pollen type (16.8%). The “important minor” pollen types present in the honey samples were Euphorbia, Cajanus, Cocos and Lagascea (10.2, 4.4, 4.0 and 3.2%, respectively). In the second fortnight of November also, Eucalyptus was the “predominant” pollen type (71.7%) and Euphorbia (12.6%), Cajanus (9.3%) and Lagascea (6.4%) were important minor pollen types.  Eucalyptus was predominant during first and second fortnight of December (58.2 and 69.8%, respectively). Antegonon (18.5%) was the secondary pollen type during first fortnight while, Mangifera, Euphorbia, Bidens and Lagascea were important minor pollen types in the honey samples. But, Mangifera (16.1%) became secondary pollen type in second fortnight of December. Lagaceae and Euphorbia were important minor pollen types (8.4 and 5.7%, respectively).
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Fig. 1 : Pollen spectrum of Bangalore region hased on
melissopalynological studies during Monsoon (1999)





Pollen grains of Helianthus and Eucalyptus were dominant secondary pollen types in the honey samples collected during first fortnight (37.4% and 36.2%, respectively) and second fortnight (43.8 and 31.1%, respectively) of January. Brassica (19.3%) during second fortnight and Mangifera during both first and second fortnight were important minor pollen types (6.9% and 5.8%, respectively).      Eucalyptus was the predominant pollen type in all the winter honeys (October-December). Important secondary pollen types present in the honey samples collected in winter were Cocos, Mimosa, Antegonon, Mangifera, Helianthus and Brassica nigra. The important minor pollen types present in winter honeys were Santalum, Bauhinia, Sesamum, Coffea, Euphorbia, Cajanus, Lagascea and Bidens (Fig. 2).      
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Fig.2 : Pollen spectrum of Bangalore region hased on
melissopalynological studies during Winter (1999-2000)





During February, Brassica and Pithecollobium were dominant secondary pollen types in both the first (27.6 and 24.8%, respectively) and second (36.4% and 21.7%, respectively) fortnight. Pongamia (13.6%), Abelmoschus (9.5%), Rosa (8.8%), Anacaridum (8.1%) and Mangifera (7.6%) were “important minor pollen types” during first fortnight. Pongamia (19.7%) becomes important secondary pollen type during second fortnight while Citrus and Abelmoschus (14.6 and 7.6%, respectively) were important minor pollen types.

Pongamia and Pithecollobium (21.7 and 26.3%) and Pongamia and Peltophorum (38.4 and 27.4%) were important secondary pollen types in the honey samples collected during the first and second fortnight of March. But, in first fortnight the “important minor” and “minor” pollen types were Peltophorum, Azadirachta, Citrus, Gliricidia and Mangifera (14.8, 11.9, 9.8, 6.1 and 2.4%, respectively). Azadirachta (18.2%), Citrus (11.2%) and Gliricidia (4.8%) were also “important minor pollen types” present in the second fortnight honey samples.

During, first fortnight of April, Pongamia pollen grains were predominant (49.20%) followed by Peltophorum and Pithecollobium (31.4 and 14.2%, respectively). Minor pollen types present in these honey samples were Gliricidia (2.9%) and Parthenium (1.8%). But in second fortnight, Pongamia (38.5%) and Peltophorum (36.2%) were important secondary pollen types and Gliricidia (10.4%), Antegonon (7.6%), Pithecollobium (5.2%) and Cassia (2.1%) were “important minor” and “minor pollen types” present in the honey samples.      During May, Peltophorum was the predominant pollen type in both first and second fortnight honey samples (48.2 and 57.4%, respectively). Important Secondary pollen types present in both the honey samples were Antegonon (23.4 and 16.9 %, respectively) and Syzygium cumini (19.6 and 16.7 %, respectively). In first fortnight honey samples Syzygium fruticosum (4.6%) and Parthenium (4.2%) were important minor pollen types. Whereas, in second fortnight Mimosa was important minor pollen type (5.2%) while, Syzygium fruticosum (2.6%) and Parthenium (1.2%) were minor pollen types. Pongamia, Azadirachta and Peltophorum (April and May, respectively) were the predominant pollen types present in summer honeys. The important secondary pollen types present in the summer honeys were Brassica, Pithecollobium, Pongamia, Ageratum and Syzygium and also important minor pollen types like Abelmoschus, Rosa, Anacardium, Mangifera, Citrus, Gliricidia, Syzygium, Parthenium and Mimosa were present in the honey sample collected from Apis cerana colonies during summer season.  (Fig. 3).
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Tig.3 : Pollen spectrum of Bangalore region hased on
melissopalynological studies during Summer (2000)




Discussion

Melissopalynological studies deals with the study of pollen grains present in the honey samples. Pollen loads collected by the honey bees from a locality, supplemented with critical field studies involving penology and floral biology, provide reliable information regarding the floral types which serve as major or minor nectar and/or pollen sources for the bees.  The palynological investigations made on 142 pollen loads of Apis cerana collected from June, 1999 to May, 2000 in Bangalore region indicated that greater pollen loads were unifloral and remaining were multifloral pollen types. The present investigations are in agreement with the findings of Chaturvedi (1977); Chaudhary (1978); Garg and Nair (1994) and Agashe and Scinthia (1997) who reported that most of the pollen loads were unifloral. This might be due to the high floral fidelity of Apis cerana in different plants.

Among the 142 plants recorded 14 were major pollen yielders, 38 were belonged to medium source and 69 were minor pollen sources. These results indicated that A. cerana exploited several species of plants for collection of pollen and nectar which is an indication of polylectic nature of the bee.  In Bangalore, Helianthus annuus, Cocos nucifera, Eucalyptus spp, Syzygium sp. were reported as pollen and nectar sources (Veeresh and Sangappa, 1994). Similarly, maize was recorded as a pollen source by Sihag (1990) and Suryanarayana (1992) and coconut was recorded as a major pollen source by Chaudhary (1997).

A pollen spectrum of Bangalore region prepared during the period of June 1999 to May 2000 revealed the dominant pollen sources in Bangalore region to be Cocos nucifera, Eucalyptus globosa, Callestemon lanceolus, Azadirachta indica, Pongamia pinnata, Peltophorum, Brassica nigra, Antegonon leptopus and Mimosa pudica. The present investigations were corroborate the findings of Kitazima (1973), Scinthia (1994) Sivaram and Reddy (1994) and Agashe (1997).

Of various sources Syzygium, Terminalia, Isodon, Brassica, Phyla, Borassus, Sapindus, Schefflera, Hevea, Eucalyptus and Tamarindus were dominant pollens present in honey samples collected from different parts of India (Seethalakshmi, 1980). Similarly, Antegonon was recorded as pollen and nectar source by Nair and Singh (1974) and Kushwa et al. (1997), Morigna by Nair and Singh (1974), Schefflera and Syzygium by Chawbal and Kotmire (1980), Eucalyptus and Citrus by Barth (1990), Helianthus by Sihag (1990) and Singh et al. (1994). Santalum by Suryanarayana et al. (1993), Bauthinia by Singh et al. (1994), Psidium and Syzygium caryophylatum by Agashe and Rangaswamy (1997), Citrus by Lakshmi and Suryanarayana (1997). Bombax, Lannea, Moringa, Syzygium, Pongamia, Tamarindus by Joshi et al. (1998) and Sapindus, Mallotus, Syzygium by Agashe and Rangaswamy (2000).
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