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Abstract: Honey produced by native stingless bees in the Araucaria Forest region of Rio Grande do Sul, southern Brazil,
specifically the municipality of Cambara do Sul, is highly valued for its characteristic white color, floral odor and taste.
In this study, we investigated the botanical origin of white honey stored in colonies of five Meliponini species of the
genera Melipona (n = 3) and Plebeia (n = 2). During the production period of white honey, from January to March,
flowers were sampled fortnightly along pre-established trails to identify plants used by bees. For all sampled plant
species, exsiccates and pollen reference slides were prepared. Honey samples from stingless bees were processed for
extraction and preparation of pollen grains for identification of pollen types. In all analyzed honey samples, pollen grains
of Clethra scabra (Clethraceae) were predominant (between 46-94%). Pollen grains from other botanical families,
including Myrtaceae, Fabaceae and Melastomataceae were frequently identified in honey samples of the Melipona
species, while Cunoniaceae was also found in samples of Plebeia species. In this study, we concluded that Clethra scabra
is predominantly used by Meliponini bees in the production of white honey in the municipality of Cambara do Sul.
Keywords: bee flora; Clethra scabra; meliponiculture; Meliponini; pollen.

Origem geografica do mel branco produzido por abelhas sem ferriao na Floresta de
Araucarias no Sul do Brasil

Resumo: Na regido da Floresta de Araucaria do Rio Grande do Sul, especificamente no municipio de Cambara do Sul,
as abelhas nativas sem ferrdo produzem mel caracteristico devido a sua cor branca e gosto apreciado. Neste estudo,
investigamos a origem botanica do mel branco armazenado em coldnias de cinco espécies de Meliponini dos géneros
Melipona (n = 3) e Plebeia (n = 2). Durante o periodo de produgdo do mel branco, de janeiro a margo, as flores foram
amostradas quinzenalmente ao longo de trilhas pré-estabelecidas, a fim de identificar as espécies utilizadas pelas abelhas.
A partir de amostras de plantas foram preparadas exsicatas e ldminas de referéncia de polen. As amostras de mel de abelhas
sem ferrdo foram processadas para extragdo e preparo dos graos de polen para a determinagio dos tipos polinicos presentes.
Em todas as amostras de méis branco analisadas os graos de polen de Clethra scabra (Clethraceae) predominaram (entre
46-94%). Graos de pélen de outras espécies das familias botdnicas Myrtaceae, Fabaceae e Melastomataceae foram
frequentemente identificados nas amostras de méis das espécies de Melipona, enquanto Cunoniaceae também o foi nas
amostras das espécies de Plebeia. Neste estudo, nés concluimos que Clethra scabra é predominantemente utilizada pelas
abelhas Meliponini na produg@o de méis branco no municipio de Cambara do Sul.

Palavras-chave: Clethra scabra: flora apicola; meliponicultura; Meliponini: polen
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Introduction

The Araucaria Forest is part of the Atlantic Forest biome, found
in South and Southeast Brazil, and in the Argentinian province of
Missiones (Backes & Irgang 2002, Oliveira-Filho & Fontes 2000).
The total land area covered by this charismatic high altitude forest
ecosystem has receded greatly in recent decades, as a consequence of
anthropogenic activities, with remaining forest areas representing just
13% of its original coverage (Emer & Fonseca 2011).

Land use change that causes loss and/or fragmentation of natural
habitats negatively impacts native bees populations due to loss or change
of the floral resources used as food sources and nesting sites (Kremen
al. 2004). Stingless bees (Hymenoptera: Apidae: Meliponini) represent
about 80% of the floral visitors of the upper stratum of the Atlantic
Forest (Ramalho 2004). Therefore, alteration or loss of their populations
affects the pollination of native plants (Kevan & Baker 1983, Roubik
1989, Gruchowski-Woitowicz 2020) and the maintenance of regional
biodiversity (Brown & Albrecht 2001).

The management of stingless bees can provide rural communities
with a sustainable source of income,and promote wider ecosystem
restoration (Venturieri et al. 2012). The market for honey produced
by stingless bees has grown rapidly in recent years, and is commonly
sold at a higher price per kilo than honey produced by Apis mellifera
Linnaeus, 1758 (Souza et al. 2006). Stingless bee honey occupies a
specific niche in the market due to its appeal to consumers interested
in healthy living, social justice and sustainable production with native
species. However, the production of honey from stingless bees is still
incipient and only serves local markets (Alves 2013).

The characteristics of stingless bees’ products are closely related to
local abiotic (e.g., climate) and biotic variables (e.g., plant community
composition, bee species’ physiology and life history strategy) (Lira et
al. 2014). Knowledge on the botanical origin and the physicochemical
properties of honey add value to it (Aboud et al. 2011) and allow the
management of the flora and the hives for its production. Pollen analysis
can be used to characterize the botanical and geographical origin of
honey (Barth 1989), since the composition of the bee pollen differs
according to the region or season, indicating patterns and variations
of the local flora (Barth 2004). In the northeast of the Rio Grande do
Sul State, in the Araucaria Forest ecosystem, Apis mellifera produces
characteristic honey, called white honey, which has a very particular
floral flavor and odor (Cambara do Sul 2020). Stingless bees also
produce this “white honey”, but in both cases, the botanical origin and
potential bee species that produce the white honey, considered a local
delicacy, remain poorly understood.

The aim of this study was to identify the floral resources used by
stingless bees in the production of white honey in the Araucaria Forest
of the Rio Grande do Sul State. The results of this study will benefit
regional meliponiculturists, adding value to the honey by providing
knowledge of its botanical origin, and guiding hive management in the
areas with the flowers detected in this melissopalynological analysis.

Material and Methods

1. Area of study

The study was performed in an area of 250 ha located in the
municipality of Cambara do Sul (29°02° 51S” 50°08* 40W"’), Northeast
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region of Rio Grande do Sul state, Brazil, with altitudes ranging from
980 to 1047 m (Figure 1). The climate of the region is predominantly
Cfb (Koppen classification), temperate humid (Boldrini 2009). Mixed
Ombrophilous Forest is characterized by a rich floristic mixture and
physiognomy, evident by the presence of Araucaria angustifolia
(Brazilian pine) of in the upper canopy and with a species-rich forest
understory (Veloso et al. 1991, Jarenkow & Budke 2009).
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Figure 1. Municipality of Cambara do Sul, RS, Brazil, site of white honey
production.

2. Plant collection and pollen preparation

In 2008, during the region’s peak white honey production period
(January to March), flowering plants were collected and the exsiccates
prepared to identify the botanical species as potential food sources
for bees. Flower buds were packed in paper envelopes to prepare the
regional pollen reference collection for comparison with pollen types
collected in bee honey samples. Collections were carried out fortnightly
along two 2 km trails, both in rural areas and forest edges.

Plants were identified by experts and deposited in the herbarium of
the Department of Diagnosis and Agricultural Research (DDPA) of the
Secretariat for Agriculture, Livestock and Rural Development of Rio
Grande do Sul and the Herbarium of the Pontifical Catholic University
of Rio Grande do Sul (PUCRS). The reference slides were prepared
by removing the pollen grains from the anthers according to protocol
presented by Silva et al. (2014) and subsequently submitted to the
acetolysis method (Erdtman, 1960). Three slides were assembled from
each plant sample, which was cataloged and deposited in the Museum
of Entomology of the Department of Diagnosis and Agricultural
Research (DDPA) of the Secretariat for Agriculture, Livestock and Rural
Development of Rio Grande do Sul and duplicate of these slides in the
Palynological Laboratory of FFCLRP-USP (Faculty of Philosophy,
Sciences and Letters at Ribeirdo Preto, University of Sdo Paulo). Images
of each pollen type were obtained with a camera attached to the optical
microscope Leica DM4000B that allowed an increase of up to 2560x.

3. Honey harvest

In 2008 and 2009, from January to March, thirty-three samples of
honey were obtained from nine (9) Meliponini hives of five species:
Melipona bicolor schencki Gribodo, 1893 (n = 4), Melipona torrida
Friese, 1916 (n=2), Melipona quadrifasciata quadrifasciata Lepeletier,
1836 (n = 1), Plebeia remota (Holmberg, 1903) (n = 1) and Plebeia
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emerina (Friese, 1900) (n = 1). From these species, nineteen (19)
samples were obtained from the hives of Melipona bicolor schencki,
eight (8) from Melipona torrida, two (2) from Melipona quadrifasciata
quadrifasciata, two (2) from Plebeia remota and two (2) from Plebeia
emerina. The honey was collected with the aid of disposable pippetes.

4. Pollen analyses

Pollen types present in the honey samples were identified
by morphological comparison to the reference collection of the
Palynological Laboratory of FFCLRP-USP. Honey samples were
prepared firstly according to the methodology described in Rezende
et al. (2020), where 10 ml of each honey sample was diluted in 20 ml
of distilled water and centrifuged to separate pollen grains. Afterward,
the samples were submitted to the acetolysis method and pollen grains
were mounted using glycerinated gelatin on sets of three slides sealed
with paraffin (Kisser 1935). For the quantitative analysis, 400 pollen
grains per sample were counted and were grouped according to the
frequency class definition following the adaption by Santos et al. (2012)
of the methodology in of Louveaux et al. (1978): predominant pollen
(> 45%); secondary pollen (< 45% to >15%); important minor pollen
(< 15% to >3%); and minor pollen (< 3%). These analyses were carried
in the Palynological Laboratory of FFCLRP-USP.

Results

During the white honey production period, 19 flowering plant
species belonging to 12 botanical families were registered. Myrtaceae
showed the highest richness (five taxa), followed by Asteraceae (three
taxa) and Cunoniaceae (two taxa). However, only pollen grains from
six (6) of these families were detected in honey samples. Nonetheless,
pollen grains from a further nine (9) botanical families not detected in
plant surveys were also found in honey samples (Table 1).

In relation to the samples of white honey, 36 pollen types were
detected and distributed among 15 plant families (Table 1). The family
Myrtaceae (10) was the richest in pollen types followed by Fabaceae
(5), Arecaceae (3), Melastomataceae (3) and Solanaceae (3).

The predominant pollen type (DP) in all honey samples analyzed
belonged to the Clethraceae family, with only one pollen type, Clethra
scabra (Figure 2) with percentages above 45%. The size of the pollen
grain (Figure 3) of this plant is classified as very small (<10 um) and
its occurrence in honey indicates a strong nectar collection from its
flowers. This honey is colorless white or cloudy white to amber when
crystallized. Although in Melipona quadrifasciata quadrifasciata
honey the proportion of Clethra scabra pollen (46.5%) was lower than
Fabaceae pollen (47.37%), both families are categorized as predominant
pollen (Figure 2).

Myrtaceae was distinguished as important secondary pollen
(IIP) in Melipona torrida and Melipona bicolor schencki honey,
and Cunoniaceae as important minor pollen (AP) in the samples of
Plebeia remota and as important minor pollen (IIP) in the samples of
Plebeia emerina (Figure 2). Another botanical family with important
participation in Melipona torrida and Melipona quadrifasciata
quadrifasciata honey was Melastomataceae (Figure 2).

Although Melipona bicolor schencki honey presented 22 pollen
types, Clethraceae and Myrtaceae together represent 98.5% of the
pollen samples. In Melipona torrida honey, the same number of pollen
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types was found (22) but the contribution of other families was higher,
as well as in Melipona quadrifasciata quadrifasciata honey (Table 2).
The bee species most faithful to Clethra scabra flowers was
Melipona bicolor schencki during the two years of study (Figure 4).
Species of Plebeia used a higher percentage of Clethra scabra in 2008
and Melipona torrida in 2009 (Figure 4). Honey samples from Melipona
quadrifasciata quadrifasciata were collected only in 2008.

Discussion

Clethra scabra pollen was numerically predominant in all
honey samples of the five Meliponini species analyzed, except M.
quadrifasciata. This species blooms during January and February and,
according to Ramalho (2004), the pollen and nectar of its flowers were
used by bees as food resources, thus confirming its strong melitophile
character. Honey samples from Melipona bicolor schencki contained
the highest proportion of C. scabra pollen. Despite the importance of
Clethra scabra as a food resource for bees in the summer, other plant
families, including Myrtaceae, Fabaceae and Melastomataceae also
represented important food resources for the three species of Melipona,
while Cunoniaceae was mainly used by the two species of Plebeia to
meet colony nutritional demands. The number of pollen grains of plants
with poricidal anthers, such as the Clethraceae and Melastomataceae,
could be an effect of intranidal contamination. In the discussion
presented by Maia-Silva et al. (2020), the authors mentioned that
Melipona nests usually present fewer pollen storage pots than honey
pots, and that during the mass flowering the bees foraging activity
suddenly increases. Then, pollen foragers may not find appropriate
storage space, and so deposit their load in any available pots. This
behavior seems to be normal to Melipona since it has observed several
species occurring in different regions (Alves et al., 2012; Nascimento
and Nascimento 2012; Maia-Silva et al. 2014, 2016).

Lopes (2012) studied the floristic composition and floral phenology
in the same area of study and identified 60 species of flowering plants
from January to March and observed that Asteraceae was the richest
family by number of species, followed by Myrtaceae, Fabaceae and
Melastomataceae. For Melipona species, the importance of Myrtaceae,
Fabaceae and Melastomataceae seems to be related to the richness of
flowering species during this period. However, in the present study,
Meliponini showed a clear preference for Clethra scabra, that besides
providing pollen, also produces a high volume of nectar, the most
attractive resource for the Meliponini bees.

One possible factor which could explain the preference of Melipona
species for flowers of Clethra scabra is the presence of poricidal
anthers, characteristic of this genus (Rossi 1992). Flowers with these
characteristics need agents of pollination capable of vibrating the anthers
to remove pollen, and Melipona exhibits this behavior (Ramalho et al.
1989). Pollen grains from other species with poricidal anthers as of
Melastomataceae were also found in the honey produced by Melipona
bees (Table 1).

Studies performed in the Atlantic Forest in Rio Grande do Sul, in
regions close to the studied area, did not mention visits to flowers of
Clethra scabra by Melipona bicolor schencki (Wilms & Wiechers 1997)
and Melipona torrida (Hilgert-Moreira et al. 2014). There was also
no record of production of the characteristic white honey. Meliponini
exhibit high levels of floral constancy, where foraging individuals
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Table 1. Flowering plants detected in the white honey production period (January-March 2008, 2009) and pollen types present in stingless bee

honey, Cambara do Sul, RS, Brazil.

Flowering plant detected during the period of white honey production

Pollen

Type present in white honey

*Arecaceae

* Asteraceae

*Clethraceae

*Cunoniaceae

Escalloniaceae

Loranthaceae

*Melastomataceae

*Myrtaceae

Oleaceae

Rubiaceae

Styracaceae
Winteraceae

Butia capitata (Mart.)Becc

Gochnatia polymorpha (Less.) Cabrera
subsp. Floccosa Cabrera

Vernonia sp.

Baccharis anomala DC.

Clethra scabra Pers.
Lamanonia ternata Vell.
Weinmania paulliniifolia Pohl ex Ser.
Escallonia bifida Link & Otto

Tripodanthus acutifolius (Ruiz & Pav.)

Tibouchina sp.

Eucalyptus viminalis Labill.
Eugenia pyriformis Cambess.

Myrcia oligantha O. Berg.

Mpyrceugenia oxysepala (Burr.) Legr. & Kaus

Siphoneugena reitzii D. Legrand

Ligustrum lucidum W. T. Aiton

Borreria capitata (Ruiz & Pav.) DC.

Styrax leprosus Hook. & Arn.
Drimys brasiliensis Miers.

Amaranthaceae

Anacardiaceae

*Arecaceae

*Asteraceae

Cecropiaceae
*Clethraceae

*Cunoniaceae

Euphorbiaceae

*Melastomataceae

Fabaceae

*Myrtaceae

Nyctaginaceae

Poaceae

Portulacaceae

Solanaceae

Chamissoa sp.
Anacardiaceae sp. 1
Anacardiaceae sp. 2

Arecaceae sp. 1
Arecaceae sp. 2

Arecaceae sp. 3

Asteraceae sp. 3

Cecropia sp.
C. scabra
L. ternata

W. paulliniifolia

Croton sp.

Melastomataceae sp. 1
Melastomataceae sp. 2
Melastomataceae sp. 3
Mimosa sp. 1
Mimosa sp. 2
Mimosa sp. 3
Mimosa sp. 4
Mimosa sp. 5
Eucalyptus sp. 1
Eucalyptus sp. 2
Eucalyptus sp. 3

Myrtaceae sp. 1

Myrtaceae sp. 3
Myrtaceae sp. 4
Myrtaceae sp. 5
Myrtaceae sp. 6
Myrtaceae sp. 7
Myrtaceae sp. 8
Boungaville sp.

Poaceae

Talinum sp.

Solanum sp. 1
Solanum sp. 2

Solanum sp. 3
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Figure 2. Average percentage of pollen types of the botanical families present
in samples of Meliponini honey obtained in Cambara do Sul, RS, Brazil, in
2008/2009. Melipona bicolor schencki (Mbs); Melipona torrida (Mt); Melipona
quadrifasciata quadrifasciata (Mqq); Plebeia emerina (Pe); Plebeia remota (Pr).

Figure 3. Clethra scabra pollen grains in polar (left) and equatorial (right)
views.

visit only one type of flower during the same foraging trip (Ramalho
et al. 1994).

White honey is referred to as a rare product with particular floral
flavor and odor that makes it a delicacy in the study region. The
high percentage of pollen grains of Clethra scabra signifies that this
Meliponini honey can be classified as unifloral or monofloral.

This study provides empirical evidence for the processes of
geographical indication and Denomination of Origin (DO) to white
honey from Cambara do Sul/RS. Geographical indications are collective
tools for valuing traditional products linked to certain territories. They
have two functions: to add value to the product and to protect the
producing region. The DO defines that a particular area has a product
whose qualities have exclusive or essential influence because of the
characteristics of that place, including natural and human factors
(Giesbrecht et al. 2011).

https://doi.org/10.1590/1676-0611-BN-2019-0925.

The valuation of white honey of Clethra scabra and, consequently,
the bee species associated with its production constitute an opportunity
for its conservation, since the plant and some bee species that produce
this honey, are on the list of endangered species of Rio Grande do Sul
(Fundag@o Zoobotanica 2012).

Conclusions

- Clethra scabra was the dominant plant species in all honey
samples confirming the indication of this plant to beekeepers for the
white honey production;

- The high percentage of Clethra scabra pollen grains characterize
the honey analyzed as unifloral;

- Melipona bicolor schencki was the most specialized stingless bee
species in the collection of Clethra scabra.
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Table 2. Relative frequency (%) of pollen types in stingless bees honey, in Cambara do Sul, RS, Brazil, in 2008/2009. Pollen frequency (PF);
Species / pollen types (PT); Melipona bicolor schencki (Mbs); Melipona torrida (Mt); Melipona quadrifasciata quadrifasciata (Mqq); Plebeia

emerina (Pe); Plebeia remota (Pr).

Mt Mq Pe Pr
PF PT PF PT PF PT PF PT PF PT
Amaranthaceae 0 0 0 0 0 1 1 0 0
Anacardiaceae 0,2 2 0,04 1 0 1 1 0,6 1
Arecaceae 0 0 0,1 2 0,5 1 0,3 1 0,25 1
Asteraceae 0 0 0 0 0 0 0 0 0,1 1
Cecropiaceae 0 0 0,1 1 0,5 1 0 0 0 0
Clethraceae 94,2 1 71,2 1 46,5 1 83,5 1 73,2 1
Cunoniaceae 0,39 2 0,3 2 0,1 1 12,7 1 23 2
Euphorbiaceae 0 0 0 0 0 0 0,1 1 0 0
Fabaceae 0,1 1 9,3 5 47,3 5 0,5 1 0,5 1
Melastomataceae 0,7 3 6,9 2 3 2 0 0 0 0
Myrtaceae 43 9 12 6 2 4 0,1 1 0,75 1
Nyctaginaceae 0 0 0 0 0 0 0,5 1 0,75 1
Poaceae 0 0 0 0 0 0 0,2 1 0,1 1
Portulaceae 0 0 0,02 1 0,1 1 1 0 0 0
Solanaceae 0,1 3 0,04 1 0 0 0 0 0,75 0
Undetermined 0,01 1 0 0 0 0 0,1 1 0 0
T"t;;ll:gs"e“ 2 22 16 1 10

Figure 4. Proportion of botanical families of the pollen grains present in honey of stingless bees Melipona bicolor schencki (Mbs); Melipona torrida (Mt); Plebeia
emerina (Pe); Plebeia remota (Pr), in Cambara do Sul, RS, Brazil, in 2008 and 2009.
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