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Pollen analysis of honeys from the northwest of Argentina: Province
of Jujuy

ANA CARINA SÁNCHEZ & LILIANA CONCEPCIÓN LUPO

Facultad de Ciencias Agrarias, Instituto de Ecorregiones Andinas (INECOA), Universidad Nacional de Jujuy, CONICET,
San Salvador de Jujuy, Argentina

Abstract
The palynological characterisation of 157 honey samples from three northwest regions of Argentina (Prepuna, Yungas and
Chaco) are presented to determine their botanical origin and species associations to be able to define their geographic origin.
Samples were harvested during 2003–2011 and processed by means of melissopalynological conventional techniques. One-
hundred and nine pollen types were identified. Representative pollen types with a frequency of occurrence greater than 50%
in descending order of importance are: Salix humboldtiana, Allophylus edulis, Baccharis, Solanaceae, Eucalyptus, Schinus,
Brassicaceae, Papilionoideae, Celtis, Scutia/Condalia-type and Parapiptadenia excelsa. The most important monofloral honeys
are from the following: Salix humboldtiana, Scutia/Condalia-type, Allophylus edulis, Baccharis, Blepharocalyx salicifolius,
Gleditsia amorphoides, Myrtaceae, Sicyos, Ziziphus mistol, Schinopsis-type, Agonandra excelsa, Anadenathera colubrina, Mimosa,
all of them native species, and among introduced species are Eucalyptus, Citrus and Tithonia. Three apicultural zones and
their corresponding pollen association indicators were determined: Zone I, Prepuna: Arquita trichocarpa, Prosopis ferox,
Schinus areira, Baccharis, Buddleja and Mutisieae; Zone II, Yungas: Myrtaceae, Parapiptadenia excelsa, Baccharis, Salix
humboldtiana, Allophylus edulis, Scutia/Condalia-type and Zanthoxylum coco; Zone III, transitional area Yungas-Chaco:
Prosopis, Salix humboldtiana, Schinus, Anadenanthera colubrina and Allophylus edulis.

Keywords: melissopalynology, Yungas, Chaco, Prepuna, Apis mellifera

Argentina is one of the most important honey pro-
ducer and exporter countries worldwide, commer-
cialising more than 95% of its production (MAGYP
2015). Most of the honey production is harvested in
the Pampean phytogeographic province, where
research has been carried out regarding their botani-
cal origin (Tellería 1992, 1995a, 1995b, 1996a,
1996b, 2000; Lusardi et al. 2005; Malacalza et al.
2005). Agricultural expansion in this area has led to
highly anthropised environments reflected in the pol-
len composition of honeys with the predominance of
introduced species. Similar studies have been carried
out in other areas of the country where native vege-
tation is more relevant, such as Espinal (Costa de
Bringas 1982; Costa et al. 1995; Andrada 2003;
Fagúndez & Caccavari 2003, 2006; Tamame &
Naab 2003; Naab et al. 2008), Chaco (Salgado &
Pire 1998; Basilio & Noetinger 2002; Cabrera 2006;

Salgado 2006), Delta del Parana (Basilio 1996; Basi-
lio & Romero 1996; Fagúndez 2003), Monte (For-
cone & Tellería 1998; Forcone 2003, 2008),
Patagonia (Forcone & Tellería 2000; Forcone
2003, 2008) and the Subantartic Province (Forcone
2008).
In the north-western region of Argentina, apicul-

ture is performed in the traditional way fulfilling an
economic and social role as a complementary activ-
ity. In this context, the volume of honey produced
and commercialised is small when comparing it with
the rest of the country (MAGYP 2015); therefore,
characterisation of honeys provides the opportunity
to add value to this important product of the hive.
To this end, melissopalynological studies of honeys
from different environments have been conducted in
Jujuy (Sánchez & Lupo 2011; Sánchez 2013). The
aim of this study is to characterise honeys from this
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region to determine the food resources used by Apis
mellifera L. and to identify species associations to
establish their geographical origin.

Material and methods

The study area presents a wide variety of environ-
ments, from rainforest in the lower areas to high
altitude xerophilous environments with grassy or
shrub steppes and desserts. In Jujuy (Figure 1A),
five phytogeographic provinces can be identified
(Cabrera 1976): Yungas, Chaco, Prepuna, Puna
and Altoandina. This study deals with the first
three provinces (Table I).

The pollen content of 157 honey samples pro-
duced by Apis mellifera was studied, 57 from
Chaco, 92 from Yungas and eight from Prepuna.
The samples, obtained by centrifugation, were pro-
vided by beekeepers between 2003 and 2011. The
amount of each sample was 250 g. Qualitative ana-
lysis of the sample was carried out following the
method described by Louveaux et al. (1978) using
the acetolysis method. Pollen sediment was mounted
in glycerine and sealed with paraffin. Observations
were made with a Zeiss KF2 ICS light microscope
and photographs were taken with a Leica DM500
microscope with a built-in Leica ICC50 camera. To
determine the frequency classes, 600 pollen grains
were counted (Louveaux et al. 1978).

Pollen types were identified by comparing them with
the palynotheca of the Facultad de Ciencias Agrarias,

Universidad Nacional de Jujuy (PALJUA), San Salva-
dor, Argentina, and also consulting the atlases of Mark-
graf and d’Antoni (1978) and Pire et al. (1998, 2002,
2006). Scutia/Condalia-type includes Scutia buxifolia
Reissek and Condalia buxifolia Reissek both species are
found in the area and are difficult to differentiate in light
microscopy. In the same way, Schinopsis-type includes
Schinopsis lorentzii, Astronium urundeuva Engl. and
Lithraea molleoides (Vell.) Engl. In the study area, Myr-
taceae family includes ten native genera with 20 species
(Rotman 1986). There is no comprehensive study of
Myrtacee and therefore, differentiating Blepharocalyx
salicifolius, of which a full description exists, from Myr-
taceae-type, which includes the remaining native genera
of Myrtaceae whose generic identity is not defined, is
considered as a standard.
The following frequency classes were defined: pre-

dominant pollen ‘D’ (˃ 45%), secondary pollen ‘S’
(16–45%), important minor pollen ‘M’ (3–15%),
trace pollen ‘T’ (˂ 3%) (Louveaux et al. 1978).
Honeys were considered as monofloral if there was
a predominant pollen type, except Citrus sp. with
10% (Louveaux et al. 1978) and Eucalyptus sp. with
70% (Resolution 274/95; SAGPyA 1995). Fre-
quency of occurrence (Feller-Demalsy et al. 1987)
was established as the percentage of the total of a
pollen type present in all the samples together: very
frequent ‘MF’ (˃ 50%), frequent ‘F’ (20–50%), less
frequent ‘LF’ (10–20%) and rare ‘R’ (˂ 10%).
In order to establish their origin, pollen types were

classified according to their phytogeographic origin

Figure 1. Phytogeographic provinces and beekeeping zone of Jujuy.
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as follows: Yungas (Y), Chaco (CH) and Prepuna
(P) with exclusive elements from each of these pro-
vinces. Yungas and Chaco (Y-CH) comprises com-
mon species of both provinces. Yungas, Chaco and
Prepuna (Y-CH-P) comprises common pollen types,
most of them identified to family, genus and tribe.
Anthropic pollen types (A) includes species related
to human activities and unknown origin (UO;
Table II).

The TILIA 1.7.14 software package was used for
the data analysis and dendrogram (Grimm 1992).
Standardised coefficients of dissimilarity were
applied using the Euclidian distance and non-con-
strained (without sample ordination), incremental
sum of squares analysis was performed. Pollen
types in class frequency of less than 3% were not
included, because these types are present through-
out the pollen spectrum and do not contribute to
the differentiation of the groupings. In this way,
sample groupings were established presenting affi-
nity among them. Groups were described accord-
ing to abundance and frequency of their pollen
types, considering as association indicators
(Braun-Blanquet 1979) those with a frequency of
occurrence greater than 50% and those recorded
as predominant.

A canonical correspondence analysis (CCA) was
performed to establish the relationship between the
samples studied and sampling sites. The CANOCO
4.5 software package was used (Lepš & Šmilauer
2003) taking the environmental characteristics
mean annual temperature, mean annual rainfall and
altitude above sea level as external variables (Bianchi
& Yañez 1992; Bianchi 1996).

Results

Botanical origin

From the 157 honey samples analysed, 109 pollen
types belonging to 54 botanical families, one class
and four undetermined, were identified. Among
these families, Fabaceae and Asteraceae presented 17
and 14 pollen types, respectively, Solanaceae 4,
Euphorbiaceae and Myrtaceae 3, and the remaining
ones, one pollen type each (Table II). According to
their frequency class, 66 samples were monofloral
(42%) and 91 multifloral (58%). Pollen types found
to be predominant are: Eucalyptus (18 samples), Salix
humboldtiana Willd. (seven samples), Citrus (five sam-
ples), Scutia/Condalia-type (four samples), Allophylus
edulis (A.St.-Hil., A.Juss. et Cambess.) Hieron. exNie-
derl. (three samples), Baccharis (three samples), Ble-
pharocalyx salicifolius (three samples), Gleditsia
amorphoides (Griseb.) Traub. (three samples), Lamia-
ceae 1 (three samples), Myrtaceae (three samples),
Sicyos (three samples), Ziziphus mistol (three samples),
Schinopsis-type (two samples), Agonandra excelsa Gri-
seb. (one sample), Anadenanthera colubrina (one sam-
ple), Indeterminate 4 (one sample), Mimosa (one
sample) and Tithonia (one sample) (Figure 2).
Pollen diversity varied between five and 36 pollen

types per sample, with an average of 19 pollen types.
Eighty percent of samples presented between 11 and 28
different pollen types. In the total number of samples,
11 very frequent pollen types (> 50%) were identified:
Salix humboldtiana (75%), Allophylus edulis (70%), Bac-
charis (70%), Solanaceae (69%), Eucalyptus (68%),
Schinus (68%), Brassicaceae (58%), Papilionoideae
(58%), Celtis (57%), Scutia/Condalia-type (56%) and

Figure 2. Botanical origin of honey from
Jujuy, northwest Argentina.

4 A. C. Sánchez and L. C. Lupo



Table II. Pollen types identified in 157 honeys samples and their frequency classes and frequency of occurrence.

Family Pollen type Origin

Frequency classes

FOD S M T

Acanthaceae Justicia Y-CH 9 6
Ruellia Y-CH 1 9 6

Amaranthaceae Amaranthaceae-Chenopodiaceae (*) A 4 47 32
Chamissoa altissima (*) Y 8 5
Gomphrena (*) A 18 11

Anacardiaceae Schinus areira P 1 4 1 4
Schinus Y-CH 11 25 72 68
Schinopsis-type CH 2 2 3 3 6

Apiaceae Apiaceae UO 5 28 21
Apocynaceae Aspidosperma quebracho-blanco CH 2 1
Aquifoliaceae Ilex argentina Y 18 11
Asteraceae Asteraceae UO 2 20 41 40

Baccharis Y-CH-P 3 12 39 58 70
Carduus A 3 2
Cichorium intybus A 2 1
Eupatorium Y-CH 1 12 43 35
Mutisieae Y-CH-P 1 1 10 8
Parthenium hysterophorus Y-CH-P 1 4 3
Senecio cremeiflorus Y-CH-P 4 3
Senecio rudbeckiiefolius Y 1 30 19
Senecio tilcarensis P 1 1
Taraxacum officinale A 5 3
Tithonia A 1 1 3 3
Vernonanthura squamulosa Y-CH 16 10
Viguiera Y-CH-P 4 22 16

Berberidaceae Berberis Y 2 1
Betulaceae Alnus acuminata (*) Y 19 12
Brassicaceae Brassicaceae UO 2 24 66 58
Boraginaceae Boraginaceae Y-CH-P 1 8 53 39
Buddlejaceae Buddleja Y-CH-P 7 19 16
Cactaceae Cactaceae Y-CH 4 3

Trichocereus P 3 2
Capparidaceae Capparis CH 1 4 11 10
Caricaceae Carica quercifolia Y-CH 5 3
Celtidaceae Celtis (*) Y-CH 5 85 57
Convolvulaceae Convolvulus A 2 1

Ipomoea Y-CH-P 9 6
Cucurbitaceae Sicyos Y 3 3 2 12 13
Euphorbiaceae Euphorbiaceae UO 2 8 29 25

Croton Y-CH 1 17 11
Sapium haematospermum Y-CH 1 9 47 36
Sebastiania brasiliensis Y-CH 4 27 19

Fabaceae Acacia Y-CH-P 1 9 70 50
Anadenanthera colubrina Y-CH 1 5 6 63 47
Arquita trichocarpa P 1 2 2 3
Caesalpinia paraguariensis CH 6 4
Caesalpinoideae UO 1 2 16 12
Cercidium andicola P 2 1
Cercidium praecox CH 1 3 12 10
Enterolobium contortissiliquum Y-CH 2 1
Geoffroea decorticans CH 4 13 11
Gleditsia amorphoides Y-CH 3 16 16 3 24
Mimosa Y-CH 1 3 14 25 27
Papilionoideae UO 5 8 79 58
Parapiptadenia excelsa Y 5 19 59 52
Prosopis ferox P 1 4 1 4
Prosopis CH 2 15 42 37
Tipuana tipu Y-CH 1 1 32 21

Juglandaceae Juglans australis (*) Y 2 52 34

(Continued )
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Table II. (Continued ).

Family Pollen type Origin

Frequency classes

FOD S M T

Lamiaceae Lamiaceae 1 UO 3 8 15 44 44
Lamiaceae 2 UO 3 2
Clinopodium bolivianum Y 1 1

Lauraceae Lauraceae OI 24 15
Loranthaceae Ligaria cuneifolia Y-CH-P 2 4 4
Lythraceae Cuphea calophylla Y-CH 1 1
Malpighiaceae Heteropterys Y-CH 10 6
Malvaceae Malvaceae UO 17 11
Meliaceae Meliaceae UO 1 1
Myrtaceae Myrtaceae Y 3 15 17 14 31

Blepharocalyx salicifolius Y 3 2 3 12 13
Eucalyptus A 18 20 37 33 68

Oleaceae Fraxinus A 9 6
Ligustrum lucidum A 1 1 8 6

Opiliaceae Agonandra excelsa Y-CH 1 4 15 13
Onagraceae Oenothera Y-CH 1 1 1
Oxalidaceae Oxalidaceae UO 2 6 5
Papaveraceae Bocconia integrifolia Y 1 1
Plantaginaceae Plantago A 2 3 3
Poaceae Poaceae (*) UO 2 65 42
Podocarpaceae Podocarpus parlatorei (*) Y 1 1
Polygonaceae Polygonum A 1 1
Proteaceae Grevillea robusta A 1 1
Ranunculaceae Clematis Y-CH-P 5 30 22
Rhamnaceae Rhamnaceae A 1 1

Scutia/Condalia-type Y-CH 4 16 32 37 56
Ziziphus mistol CH 3 1 9 16 18

Rosaceae Rosaceae UO 30 19
Prunus tucumanensis Y 3 6 6

Rubiaceae Rubiaceae UO 3 2
Rutaceae Citrus A 5 8 27 25

Zanthoxylum coco Y-CH 3 15 46 40
Salicaceae Salix humboldtiana Y-CH-P 7 10 36 67 75

Xylosma pubescens Y 1 1
Sapindaceae Allophylus edulis Y-CH 3 13 39 57 70

Serjania Y 2 21 14
Sapotaceae Sideroxylon obtusifolium Y-CH 3 9 8
Scrophulariaceae Veronica A 2 23 16
Solanaceae Solanaceae UO 1 17 92 69

Cestrum Y-CH 6 4
Lycium Y-CH-P 2 1
Nicotiana glauca Y-CH-P 1 2 2

Ulmaceae Ulmus (*) A 1 10 7
Urticaceae-Moraceae (*) Urticaceae-Moraceae (*) UO 9 54 40
Verbenaceae Verbenaceae UO 1 24 16

Duranta serratifolia Y 2 1
Monocotyledonea Monocotyledonea UO 3 32 22

Undetermined 1 UO 8 49 36
Undetermined 2 UO 1 2 2
Undetermined 3 UO 1 4 3
Undetermined 4 UO 1 1 1 2

Note: D, dominant pollen (˃ 45%); S, secondary pollen (16–45%); M, important minor pollen (3–15%); T, traces pollen (˂ 3%). Y,
Yungas; CH, Chaco; P, Prepuna; A, anthropic; UO, unknown origin; *, anemophilous species.

→
Figure 3. Dendrogram of honey from Jujuy, northwest Argentina.
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Parapiptadenia excelsa (52%). Twenty-two pollen types
were frequent (20–50%), 23 were less frequent (10–
20%) and 52 rare (< 10%) (Table II).

Geographic origin

From the total number of pollen types recorded,
66% belong to native species while anthropic and
unknown origin pollen types represent 17%, respec-
tively. Two well differentiated groups (groups I and
II) can be observed in the dendrogram (Figure 3). In
group I, pollen types with frequency of occurrence
higher than 50% are: Arquita trichocarpa (Griseb.) E.
Gagnon, G.P.Lewis et C.E.Hughes (67%), Prosopis
ferox (83%), Schinus areira (100%), Baccharis
(100%), Buddleja (67%) and Mutisieae (50%)
among the native species and Brassicaceae and Plan-
tago among the anthropic ones. No predominant
pollen type was recorded.

Group II is characterised by the presence of elements
from Y-CH and Y-CH-P in all samples. It can be
divided into groups IIA and IIB. In group IIA, pollen
types belonging to Yungas are present in 97% of the
samples, Chaco in 18% and Anthropics in 63%. Very
frequent pollen types are: Parapiptadenia excelsa (72%)
and Myrtaceae (55%) from Yungas; Allophylus edulis
(93%), Schinus (72%) and Scutia/Condalia-type (77%)
from Y-CH and Baccharis (76%) from Y-CH-P. At the
same time, this group can be divided into group IIA1

characterised by the presence ofMyrtaceae (53%) com-
prising Blepharocalyx salicifolius and Parapiptadenia
excelsa (65%) from Yungas, Allophylus edulis (94%),
Schinus (50%) and Scutia/Condalia-type (68%) from

Y-CH, Baccharis (79%), Salix humboldtiana (82%)
from Y-CH-P and Anthropic Eucalyptus (59%). Predo-
minant types recorded are: Eucalyptus in one sample,
Allophylus edulis, Baccharis and Blepharocalyx salicifolius
one of each in three samples and Scutia/Condalia-type in
four. Group IIA2 presents Myrtaceae (96%) and Para-
piptadenia excelsa (77%) from Yungas, Allophylus edulis
(96%), Gleditsia amorphoides (92%), Schinus (92%) and
Scutia/Condalia-type (96%) from Y-CH, Baccharis
(79%) and Boraginaceae (73%) from Y-CH-P. Predo-
minant pollen types recorded areMyrtaceae andGledit-
sia amorphoides in three samples each.
In group IIB, elements from Yungas are found in

78% of the samples, Chaco in 59% and Anthropics
in 96%. This group presents four sectors: group IIB1

with only two samples having in common Mimosa
from Y-CH, Baccharis, Clematis and Ligaria cuneifolia
(Ruiz et Pav.) Tiegh. from Y-CH-P and Eucalyptus
among the Anthropics. No predominant pollen type
is recorded. Group IIB2 is characterised by the pre-
sence of Anadenanthera colubrina (82%) and Sapium
haematospermum Müll. Arg. (55%) from Y-CH, Aca-
cia (64%) and Salix humboldtiana (73%) from
Y-CH-P and Ziziphus mistol (82%) from Chaco. Pre-
dominant pollen types are: Anadenanthera colubrina
in one sample, Ziziphus mistol in two and Citrus
(anthropic) in three. Group IIB3 is characterised by
the presence of Anadenanthera colubrina (80%) from
Y-CH, Baccharis (60%) from Y-CH-P and Eucalyp-
tus (80%) among the Anthropics. Predominant pol-
len types in this sector are: Agonandra excelsa and
Salix humboldtiana in one sample each and Schinop-
sis-type in two. Group IIB4 is characterised by the
presence of Allophylus edulis (65%), Anadenanthera
colubrina (50%) and Schinus (60%) all from Y-CH,
Bacharis sp. and Salix humboldtiana (75%) from
Y-CH-P and Eucalyptus sp. (78%) among the
Anthropics. Predominant pollen types are: Mimosa,
Indeterminate 4, Schinus, Tihtonia found in one sam-
ple each, Citrus in two samples, Lamiaceae 1 and
Sicyos in three samples, Salix humboldtiana in seven
samples and Eucalyptus in 17 samples.
The CCA was very significant (Monte Carlo Test),

both the first canonical axis as well as all of the axes. The
percentage of variance pollen types-environment vari-
ables is 47.4% for the first axis, 33.3% for the second
and 19.3% for the third; the first two axes explain the
greatest percentage of variance. From pollen type dis-
tribution and samples (Figure 4), three sectors can be
established. In sector I, the environmental determinants
are: greater altitude together with low rainfall and tem-
perature. Themain pollen types are:Arquita trichocarpa,
Cactaceae, Cercidium andicola, Cichorium intybus L.,
Lycium, Mutisieae, Nicotiana glauca Graham, Plantago,

Figure 4. Canonical correspondence analysis (CCA) of honey
from Jujuy, northwest Argentina.
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Prosopis ferox and Schinus areira. Sector II presents the
highest rainfall from all samples studied as well as higher
temperatures and less altitude than in the previous sec-

tor. In the higher and more humid area of this sector,
samples belong to Selva Montana of the Yungas, while
in the lower and less humid one, they belong to the

Figure 5. Micrographs of pollen types: A, B. Arquita trichocarpa. C, D. Prosopis ferox. E. Schinus areira. F. Trichocereus. G. Allophylus edulis.
H, l. Scutia/Condalia-type. J, K. Blepharocalyx salicifolius. L. Gleditsia amorphoides. M. Parapiptadenia excelsa. N. Salix humboldtiana. O.
Agonandra excelsa. P. Anadenanthera colubrina. Q. Baccharis. R. Sicyos. S, T. Schinopsis-type. U, V. Ziziphus mistol. W. Tithonia. Scale bars –
10 µm.
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transitional area with the Chaco Serrano, with mainly
pollen types of the Yungas: Allophylus edulis, Blepharo-
calyx salicifolius, Myrtaceae, Eupatorium, Ilex argentina,
Juglans australis, Parapiptadenia excelsa, Scutia/Condalia-
type, Senecio rudbeckiaefolius Meyen et Walp., Zanthox-
ylon cocoGillies exHook.f. et Arn. andXylosma pubescens
Griseb. Sample distribution in sector III is related to
lower altitude and greater temperature when comparing
it with the other sectors. It is characterised by the follow-
ing pollen types: Agonandra excelsa, Anadenanthera colu-
brina, Aspidosperma quebracho-blanco, Caesalpinia
paraguariensisGriseb., Capparis sp., Celtis sp., Cercidium
praecox, Geoffroea decorticans (Gillies ex Hook. et Arn.)
Burkart, Mimosa, Prosopis, Salix humboldtiana, Sapium
haematospermum, Sapotaceae, Schinus, Baccharis, Side-
roxylon, Schinopsis-type, Tipuana tipu (Benth.) Kunze
and Ziziphus mistol.

Discussion

Botanical origin

The diversity of pollen types recorded in honeys
from the Jujuy province is closely related to food
resources available in the area. Zuloaga et al.
(1999) recorded 2831 species of vascular plants in
this province, so Apis mellifera uses at least 4% of the
total resources. Among the pollen types found in the
samples analysed, Fabaceae and Asteraceae families
are best represented due to the abundance of these
two families in the area with 17 and 4%, respectively,
of the total resource mentioned by Zuloaga et al.
(1999). This characteristic is shared with honeys
from other phytogeographic provinces of the coun-
try: Pampean (Tellería 1992, 1995a, 1996a, 1996b;
Lusardi et al. 2005), Monte (Forcone & Tellería
1998; Naab & Tamame 2007), Espinal and Pam-
pean (Fagúndez & Caccavari 2003, 2006), Chaco
(Salgado & Pire 1998; Cabrera 2006), Patagonian,
Subantartic and Monte (Forcone 2008), Paraná
River Delta (Basilio & Romero 1996).

In the study area, Apis mellifera shows a preference
for the native flora, which is related to the abundance
and availability of this resource. Exotic species are
associated to productive activities in the region such
as producing Eucalyptus honeys in forested areas and
Citrus honeys in the citrus cultivation areas. Tithonia
is introduced into the local flora, it is widely distrib-
uted in the province, grows spontaneously in mod-
ified soils, and it flowers towards the end of summer.
Beekeepers make use of its flowering period for a late
harvest when weather conditions so allows it and
occasionally produces monofloral honeys. The
remaining anthropic pollen types found in honeys
are related to crop weeds, not reaching meaningful

frequency class or occurrence frequency values. The
following pollen types of native origin were found to
be predominant: Agonandra exelsa, Allophylus edulis
(Sapindaceae), Anadenthera colubrina var. cebil (Faba-
ceae), Gleditsia amorphoides (Fabaceae) and Sicyos
(Cucurbitaceae), of which no records have been
found in the literature.
Mimosa (Fabaceae) has not been mentioned as

predominant for other areas of the country, only
traces of Mimosa in honeys from the Chaco phyto-
geographical province (Salgado & Pire 1998; Cab-
rera 2006), but for the phytogeographical province
of Caatinga in Brazil, Oliveira and Santos (2014)
mention four pollen types of Mimosa as dominant,
none present in the flora of Jujuy (Zuloaga et al.
2008). These investigations demonstrate the value
of Mimosa as a food resource in the Chaco
Dominion.
Two types of honeys can be identified for the

Myrtaceae family: Blepharocalyx salicifolius honey
produced in forests, where this species is abundant,
and those from native Myrtaceae in forests, where
the diversity of this family is greater. In Argentina,
Myrtaceae monofloral honeys have only been
recorded for the Subantartic phytogeographical pro-
vince (Forcone 2008), but they are from different
species to those in Jujuy. Honeys from the Entre
Ríos province can have Myrtaceae in their composi-
tion but in a percentage lower than 15% (Fagúndez
& Caccavari 2003, 2006).
In Jujuy, three samples of monofloral honeys

from Baccharis (Asteraceae), related to altered
environments such as abandoned crop fields or
roadsides, were recorded. This is considered to be
an important nectar resource in other places of
Argentina (Costa et al. 1995; Basilio & Romero
1996; Salgado & Pire 1998; Wingenroth 2004; Cab-
rera 2006), monofloral honey from this has been
recorded for the province of Entre Ríos (Fagúndez
& Caccavari 2003, 2006).
Salix humboldtiana (Salicaceae) is widely distribu-

ted in Argentina along rivers and humid areas; it is
considered an important pollen and nectar source.
In this paper, seven samples were recorded with this
pollen type as predominant, while it is frequently
mentioned as pollen of lesser importance or traces
in other places in the country (Basilio & Romero
1996; Tellería 1996a, 1996b; Salgado & Pire 1998;
Fagúndez & Caccavari 2003, 2006; Forcone 2003;
Cabrera 2006).
In the Jujuy province, two honeys from Rhamnaceae

can be identified: Ziziphus mistol honey from the phy-
togeographic province of Chaco (Basilio & Noetinger
2002; Cabrera 2006; Salgado 2006) and Scutia/Con-
dalia-type honey with pollen type composed of Scutia
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buxifolia and Condalia buxifolia. Tellería et al. (2006)
considers Rhamnaceae honeys fromDiscaria americana
Gillies et Hook. (province of Espinal) and Scutia bux-
ifolia (provinces of Espinal and Pampean) as being
fetid, this is not the case for honeys from Jujuy as they
are characterised by a strong floral aroma and intense
flavour.

Schinopsis-type, from Anacardiaceae, includes
Lithraea molleoides (Vell.) Engl., Schinopsis lorentzii and
Astronium urundeuva. This pollen type is recorded as
predominant in two samples of honey from Jujuy. In
Argentina, Astronium balansae Engl., Schinopsis balansae
Engl. and Schinopsis lorentzii honeys in the Chaco phy-
togeographical province (Salgado&Pire 1998;Basilio&
Noetinger 2002; Cabrera 2006; Salgado 2006).
Anemophilous pollen types found in honey are

reported in traces or important minor pollen are
related to local vegetation in the study area, among
them Amaranthaceae-Chenopodiaceae and Poaceae
are from the herbaceous stratum, Ulmaceae and
Fraxinus from exotic trees, Celtis sp. from the native
shrub stratum and Alnus acuminata, Juglans australis
and Podocarpus parlatorei from native tree stratum in
the Bosque Montano of the Yungas.

Geographic origin

The characteristic pollen types in Jujuy honeys are
those recorded as very frequent: Salix humboldtiana,
Allophylus edulis, Baccharis, Solanaceae, Eucalyptus,
Schinus, Brassicaceae, Papilionoideae, Celtis, Scutia/
Condalia-type and Parapiptadenia excelsa. Native taxa
are of greater importance in the production of hon-
eys giving them characteristics of each of the envir-
onments of the region. This means that pollen
associations can be established as indicators of their
geographical origin. From the analysis and interpre-
tation of the dendrogram, sectors identified in the
CCA and the comparison among phytogeographic
provinces (Cabrera 1976), three zones can be differ-
entiated (Figure 1B):

Zone I. — It can be observed that group I is corre-
lated with sector I presenting pollen and environ-
mental characteristics of the Prepuna
phytogeographic province. This region lies between
2000 m and 3000 m above sea level (a.s.l.) with
mean rainfall between 130 mm and 160 mm and
mean annual temperatures between 12 °C and 13 °C.
The indicator types are: Arquita trichocarpa, Proso-
pis ferox and Schinus areira, being all of them Pre-
puna native vegetation and accompany by
Baccharis, Buddleja and Mutisieae, Fabaceae and
Poaceae. No monofloral honeys are recorded
(Figure 5A, B).

Zone II. — Group IIA comprises samples found in
sector II of the CCA. This area comprises species
from Selvas Montanas of the Yungas. It lies between
1200 m and 1500 m a.s.l., climbing the southern
mountainside to up to 2000 m a.s.l. Mean annual
rainfall is greater than 900 mm and mean annual
temperature varies between 14 °C and 17 °C. The
association indicators are: Myrtaceae (including Ble-
pharocalyx salicifolius), Parapiptadenia excelsa, Allophy-
lus edulis, Schinus, Scutia/Condalia-type, Baccharis and
Salix humboldtiana, producing monofloral honeys
from Allophylus edulis, Baccharis, Gleditsia amor-
phoides, Myrtaceae and Scutia/Condalia-type. In this
zone, sample distribution can be divided into two
areas: Zone IIA, which coincides with group IIA1 in
the western region of Yungas, with Blepharocalyx sal-
icifolius as characteristic Myrtaceae accompanied by
Parapiptadenia excelsa, and Zone IIB, coinciding with
group IIA2 on the east of the province with Myrtaceae
and Gleditsia amorphoides as main pollen types (Fig-
Figures 1B, 5C, D).

Zone III. — Group IIB includes samples from CCA
sector III. They are distributed along the San Fran-
cisco river valley ascending the ravines up to 1500 m
a.s.l. Mean rainfall values are lower than 800 mm
and annual mean temperature varies between 17 °C
and 21 °C. This is the most populated area of the
Jujuy Province and it is also where the main agricul-
tural activities take place. This zone is characterised
by a great number of pollen types shared by Yungas
and Chaco and many elements of anthropic origin
being the sector of the dendrogram where pollen
types from Chaco Group are concentrated. Although
it can be subdivided, this division cannot be justified
by environmental variables or spatial distribution of
samples, consequently, it is regarded as one zone.
According to Cabrera (1976), the sample distribu-
tion area, which lies between 300m and 1500m a.s.l.,
corresponds to the following phytogeographic pro-
vinces and districts: Selva de Transicion district
(350–500 m a.s.l.) and Selvas Montanas district
(550–1500 m a.s.l.) of the Yungas and Chaco, the
Chaqueño Occidental district in the easternmost
area of Jujuy and Chaco Serrano district on the first
mountain ranges in the east of Jujuy forming an
ecotone area together with the Yungas. It is not
possible to make such differentiation in the grouping
but a transitional area between Yungas and Chaco
provinces can be observed having elements common
to these two phytogeographic and anthropic pro-
vinces. The indicator pollen types are: Celtis, Salix
humboldtiana, Schinus, Eucalyptus, Lamiaceae 1 and
Poaceae accompanied by Prosopis, Ziziphus mistol,
Parapiptadenia excelsa, Anadenanthera colubrina var.
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cebil, Allophylus edulis, Scutia/Condalia-type,Mimosa,
Sapium haematospermum and Sebastiania brasiliensis
Spreng. Monofloral honeys from Anadenathera colu-
brina, Mimosa, Salix humboldtiana, Ziziphus mistol,
Sicyos, Schinopsis-type and Agonandra excelsa are
recorded (Figure 5E, F).

The presence of pollen types related to human
activities is evident through the whole spectrum ana-
lysed, being more frequent in Zone III. In this area,
Citrus monofloral honey is recorded in the area of
production of that crop, Eucalyptus honey in areas of
afforestation and Tithonia honey in areas where this
important invasive weed is not controlled. Brassica-
ceae are frequent and they are related to crop weeds
such as Rapistrum rugosum (L.) All. or Raphanus sati-
vus L. both naturalised in Jujuy. The remaining types
identified are not relevant in the production of honey.

Conclusions

In the Jujuy Province, the native flora is a very
important component in the production of Apis
mellifera honeys. It is of greater value than exotic
species due to the number of pollen types as well
as frequency and occurrence class recorded.
Representative pollen types of honeys from Jujuy
are those recorded as very frequent: Salix hum-
boldtiana, Baccharis, Allophylus edulis, Solanaceae,
Schinus, Eucalyptus, Brassicaceae, Papilionoideae,
Celtis, Scutia/Condalia-type and Parapiptadenia
excelsa. According to their geographical origin,
three beekeeping zones can be established. Zone
I: Prepuna, its association of indicator pollen types
is Caesalpinia trichocarpa, Prosopis ferox, Schinus
areira, Baccharis, Buddleja and Mutisieae accompa-
nied by Brassicaceae, Plantago, Fabaceae and Poa-
ceae. Zone II: Yungas, with the following
association of indicator pollen types: native Myrta-
ceae (including Blepharocalyx salicifolius), Parapip-
tadenia excelsa, Baccharis, Salix humboldtiana,
Allophylus edulis, Scutia/Condalia-type and Zanthox-
ylum coco. Zone III: Transition between Yungas
and Chaco, with Celtis, Salix humboldtiana, Schi-
nus, Eucalyptus, Lamiaceae 1 and Poaceae accom-
panied by Prosopis Ziziphus mistol, Parapiptadenia
excelsa, Anadenanthera colubrina, Allophylus edulis,
Scutia/Condalia-type, Mimosa, Sapium haematosper-
mum and Sebastiania brasiliensis. The production of
unifloral honeys belonging to the following native
species is highlighted: Zone II: Allophylus edulis,
Baccharis, Gleditsia amorphoides, Myrtaceae and
Scutia/Condalia-type; Zone III: Anadenathera colu-
brina, Mimosa, Salix humboldtiana, Ziziphus mistol,
Sicyos, Schinopsis-type and Agonandra excelsa were
recorded. Except for Ziziphus mistol honeys, which

are produced in Chaco, the remaining ones con-
stitute the first reference of those honeys.
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