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Introduction
The diversity of the airborne pollen content of a city reflects 

its vegetation landscape at different spatial scales. Overall, it was 
estimated that the trapped pollen by a sampler placed about 15m 
height records 50% of the pollen grains releasing above the canopy 
of the trees and it comes from distance 250m or less, 45% coming 
from distance up to 5km and only 5% coming from distance longer 
to 5km.1 Therefore, the main source of pollen is the local and extra-
local flora.2 Within an urban area, local flora is composed by species 
forming part of the ornament in streets and green spaces, whereas 
the extra-local and regional flora depends of the phytogeographical 
context, where the city is located. In this sense, the plantation of 
the urban vegetation will be subject to the anthropic action (species 
cultivated or introduced involuntarily), that sometimes does not have 
an adequate planning and management, because alochthonous plants 
are planted that usually have components or toxic substances that 
represent a risk factor to public health. Likewise, the autochthonous 
or native vegetation of some regions can also constitute a source of 
natural risk to health and its impact on the local population deserves 
to be studied.3

Considering that exposure to pollen is one more way of interaction 
between humans and the environment,4 the monitoring of the airborne 
pollen in urban areas has great interest for ecological studies and 
environmental health.3,5,6 Aerobiological records provides information 
about plant phenology and changes in productivity as response to 
variations of weather conditions through the analysis of richness, 

abundance and seasonal dynamics of atmospheric pollen.7,8 In this 
way, it is possible to detect the begin, development and maximum 
stage of floral phases of the vegetation.6 However, sometimes, it is not 
straightforward detecting the final phase of the flowering, because the 
pollen grains can remain long time after they have been emitted into 
the atmosphere and the anthers have withered.9 All these situations are 
a function of the productivity, aerodynamic properties of the pollen 
grain and the meteorological conditions regulating its permanence 
in the air. Then, one of the aspects for studying the diversity and 
the different levels of pollen incidence into the atmosphere is the 
productivity of the flowers, which depends on the pollination strategy. 
Plants employing the wind as transfer agent (anemophilous) produce 
more pollen than those that depend on animals (zoophilous).10 For 
this reason, the dominant sources of atmospheric pollen belong 
to anemophilous plants, such as grasses, gymnosperms and some 
angiosperms.11

On the other hand, at the time of the an thesis, pollen grains of many 
species are covered by a sticky substance called “pollenkitt”, which 
is secreted by the tapetalcells.12,13 The pollenkit is composed of lipids, 
carotenes, polysaccharides and glycoproteins in varying proportions. 
Particularly, glycoproteins cause allergy reactions (pollinosis), such 
as rhinitis, conjunctivitis and asthma in hypersensitive peoples.14 
Frequently, these diseases appear during the pollination period 
and usually manifest as epidemic outbreaks. In 1930, Thommen15 
formulated postulates to guide in the search for flora causing 
pollinosis: pollen must be anemophilous, produced in big quantities, to 
be light, small in size -between 10 and 40μm- and low specific weight. 
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Abstract

The aim of this paper was monitoring the airborne pollen diversity in the San Salvador 
de Jujuy city during one year, in order to document its richness and seasonal dynamics, 
as well as to detect pollen grains with allergenic potential and to elaborate a pollen 
calendar. The sampling period lasted from August 2011to July 2012. Airborne pollen 
monitoring was performed using a gravimetric Durham trap. A total of 56 pollen types 
were identified, of which 49% belong to native flora of Yungas, 32% to exotic flora 
and 19% to undefined origin. Regarding to the distance of sources to the trap, 71% is 
located within a ratio of 2km (Local), 24% coming from distance up to 5 km (Extra-
local) and 5% are sources placed more than 5km (Regional). Eighteen pollen types with 
allergenic potential were detected, of which 15 are present in significant percentages. 
Pollen calendar shows the variation in the monthly relative frequency of the main 
pollen types.During the late winter, Morus, Alnus acuminata, Salix humboltiana and 
Pinus were identified as main emission sources. In spring, enhanced the richness of the 
local flora was observed. Exotic plants especially angiosperms (Fraxinus excelsior, 
Eucalyptus, Callistemon and Platanus acerifolia) dominated. There are also extra-local 
contributions of native species (Celtis, Anadenanthera colubrina and Parapiptadenia 
excelsa). During the summer, pollen richness declines and the NAP of herbs plants 
remains in high abundance (Poaceae, Amaranthaceae-Chenopodiaceae, Urticaceae) 
together with Casuarina cunninghamiana and Ulmus, but decreases progressively in 
autumn. In early winter, Cupressus predominates and regional contributions of A. 
acuminata are registered. Results revels the presence of allergenic pollen during the 
entire year. Considering the importance of public health, this study is a good reference 
to take criteria for selecting species on the planning of the plantation of urban trees 
in the city.
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D’Amato et al.16 indicate that pollen grains having the aerodynamic 
size of 15μm, cannot enter the lower areas of the respiratory tract, 
but larger ones can affect the conjunctive membranes, nasal and 
nasopharyngeal mucous. Therefore, the aerobiological record acquires 
utmost importance in the retrospective and prospective study of the 
etiological agent’s dispersion of allergy diseases.8 In this context, 
constructing a pollen calendar generates retrospective information on 
the diversity and seasonal variation of surrounding pollen types in a 
city and helps to forecast their appearance in the atmosphere. This 
information is essential for the preventive therapeutic treatment of 
patients in a city. 

Although volumetric sampling methods provide greater precision 
of pollen levels in the air and their temporal evolution, in different 
cities around of the world, the efficiency of gravimetric monitoring 
was demonstrated to obtain reliable information on the diversity of 
the airborne pollen content.17−20 In northwest Argentina, monitoring 
with gravimetric methodology showed that the native flora of Yungas 
Forest has a great representativeness in the atmospheric spectrum,21−23 
but little is known about its allergenic potential. So far, aerobiological 
studies in San Salvador de Jujuy city are still scarce and only spans 
the spring season.24 Therefore, it is important to extend the temporary 
record to characterize all seasons of the year. The aim of this paper 
was monitoring the diversity of the airborne pollen flora during one 
year in order to document its richness and seasonal dynamics, as well 
as to detect pollen grains with allergenic potential to elaborate a pollen 
calendar for the city of San Salvador de Jujuy.

Materials and methods
Study area

The city of San Salvador de Jujuy is the capital of Jujuy province, 
located to northwest Argentina (Figure 1). It lays in the temperate 
valleys region, between the confluence of the rivers Grande and Xibi-
Xibi (24° 11’S, 65° 17’ W, 1259m a.s.l). The surrounding landscape of 
the urban area is represented by mountain chains with several heights 
that are covered by the leafy native vegetation extending between the 
hills Los Perales and Alto del Tunalito, to northeast, and the hills Alto 
Padilla and De los Claros, to southwest.25,26 Relief has been modeled 
by the geomorphologic action of the river Grande, which given origin 
to three levels of fluvial terraces, being the third level (San Salvador 
terrace) the most recently formed and where the city is placed.27

The climate is characterized as subtropical with dry station. 
Summers are warm and rainy, the winters mild and dry. The annual 
mean temperature is 16.6°C,28 the precipitations are predominantly 
from orographic origin and reaches 826 mm/yr concentrating in the 
warm epoch (December-March).29 The wind regime in the city is 
subjects to local variations since the circulation is strongly affected 
by the topography. Predominant winds are called valley-mountain 
breeze that circulate all the year. Another local wind is “Viento norte” 
originated by Föhen effect and transit the region during the autumn-
winter months. In general terms, the mean velocity of the wind is 
1.5m/s and the predominant directions are from W y SE.30

Since the phytogeographical viewpoint, the valley of Jujuy 
occupies the Yungas province.31 The ornamental plantation of the 
urban trees, both of the streets, squared and parks of the city, is 
composed by a diversity of exotic (the majority coming from north 
hemisphere) and native species whose flowering peak occur during the 
spring and summer according to observations of Díaz Iconomovich 
& Rotman32 and Romeo & Entrocassi.33Phenological studies carried 

out by Brown34 also showed that more than 70% of the vegetation of 
Yungas flowering in spring season.

Figure 1 Location of the study area.

Monitoring of airborne pollen

The sampling period lasted from August 2011 to July 2012.
Airborne pollen monitoring was performed using a Durham 
gravimetric trap.35The sampler was placed 15m above ground level on 
the roof of Faculty of Agricultural Sciences building. The frequency 
of slide replacement was weekly. For the assembly of the preparations, 
the Wodehouse36 technique was used. The count was performed with 
optical microscopes Zeiss ICS KF2 and Leica DM500, with 400X 
magnification. Pollen identification was carried out with the aid of 
a reference collection of the Laboratory of Palynology-National 
University of Jujuy (PAL-JUA) containing non acetholyzed pollen 
grains collected from the local flora and specific literature.37−39 
Photographs of the pollen grains were taken with a Leica ICC50 
camera incorporated into the microscope.

Data analysis

The identified pollen types were classified according the following 
criteria: A) Status of parent plant: natives or exotics in accordance 
with Zuloaga et al.40 B) Pollination strategy: anemophilous or 
zoophilous according Proctor et al.10 and Romeo & Entrocassi,33 C) 
Parental source: arboreal pollen (AP) or non-arboreal pollen (NAP) 
including herbs and shrubs, and D) Distance of the source: Local, 
Extra-local and Regional according Prentice.41 The assignment of 
allergenic potential was based on bibliographic background.16,42,43 
With obtained data, the pollen richness for each month was plotted 
and we compared the absolute abundance of trapped pollen of AP and 
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NAP by station. Taking in account that the sampling period started in 
August, we divided it into: Late Winter (August-September 2011), 
spring (October-December 2011), summer (January-March 2012) 
and Early Winter (June-July2012). For plotting the pollen calendar, 
a diagram of monthly relative frequencies (expressed in percentages) 
was constructed using Pan Plot v11.04 software.44 Pollen types present 
in less than 3% were excluded. 

Results and discussion
A total of 56 pollen types were identified during the sampling 

period (Table 1), of which 49%belonged to native flora, 32% to 
exotic flora and 19% to undefined origin (Figure 2a). Regarding to the 
distance of sources to the Durham trap, 71% is located within a ratio 
of 2km (Local), 24% coming from distance up to 5km (Extra-local) 
and 5% are sources placed more than 5km (Regional) (Figure 2b).

Table 1 List of identified pollen types

Pollen type Status of the 
parent plant

Pollination 
strategy Source Spatial 

distribution
Allergenic 
potential

Total 
abundance

Acacia N ε AP L-Ex 29

Acer negundo E α AP L  243

Allophylus edulis N ε AP Ex 60

Alnus acuminata N α AP R 1175

Amaranthaceae/
Chenopodiaceae

N −α NAP L  420

Anadenanthera 
colubrina N α AP L-Ex 631

Apiaceae I ε NAP L 41

Asteraceae I ε NAP L-Ex 171

Blepharocalyx N ε AP Ex 2

Boraginaceae I ε NAP L 66

Caesalpinia N ε AP L 5

Callistemon E ε AP L  3176

Casuarina 
cunninghamiana E α AP L  1294

Celtis N α AP Ex-R  4076

Crinodendron 
tucumanum N ε AP Ex 7

Cupressus E α AP L  1453

Cyperaceae I α NAP L 4

Ericaceae I α NAP L 3

Eucalyptus E ε AP L  895

Eupatorium I ε NAP L 273

Fabaceae I ε NAP L 154

Fraxinus excelsior E α AP L  2045

Ginkgo biloba E α AP L 19

Gomphrena I ε NAP L 35

Grevillea robusta E ε AP L 104

Handroanthus N ε AP L 3

Heteropterys N ε NAP L-Ex 8

Juglas australis N α AP R 503

Justicia N ε AP Ex 3

Lamiaceae N ε NAP L 34

Loranthaceae I ε NAP L 3

Melia azedarach E AP L 3
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Pollen type Status of the 
parent plant

Pollination 
strategy Source Spatial 

distribution
Allergenic 
potential

Total 
abundance

Mimosa N ε NAP L 6

Myrtaceae I ε AP L-Ex 94

Morus E α AP L  1821

Parapiptadenia 
excelsa N α AP Ex 355

Peltophorum dubium E ε AP L 51

Persea americana E ε AP L 2

Phyllostylon 
rhamnoides N α AP Ex 55

Pinus E α AP L  908

Platanus acerifolia E α AP L  472

Poaceae I α NAP L  699

Polylepis N α AP L 57

Populus E α AP L  14

Prunus N ε AP L-Ex 13

Quercus E α AP L  191

Rumex E α NAP L  383

Salix humblodtiana N α AP L  1567

Sapium N ε−α AP L-Ex 26

Sebastiania brasiliensis N ε AP Ex 2

Seiba speciosa N ε AP L 4

Tecoma stans N ε NAP L 49

Ulmus E α AP L  264

Urticaceae N α NAP L-Ex  811

Viguiera N ε NAP L 165

Zanthoxylum coco N ε AP Ex  280

N, Native; E, Exotic; I, Undefined Origin; α, Anemophilous; ε, Zoophilous; AP, Arboreal Pollen; NAP, Non-Arboreal Pollen; L, Local; Ex, Extra-Local; R, Regional

Table Continued...

Figure 2 Composition of the pollen content according to: a) Status source; 
b) Spatial scale.

The analysis of the monthly variation of total pollen richness shows 
progressive increase from August to reaches the maximum amount 
of pollen types in October (46) which coincides with the maximum 
richness of AP (31) and NAP (15). From October, total pollen richness 
decreased to a minimum in January and April (16), likewise AP (8) 

(Figure 3). The lowest NAP richness was recorded in August (6). 
Seasonal distribution of absolute abundance of AP and NAP (Figure 
4) showed that the late winter recorded the maximum incidence of AP 
(10918 grains), being September the month of greatest contribution 
(AP: 7926grains). In spring, the maximum of NAP was recorded 
(745grains), being October the month of greatest contribution 
(470grains). By contrast, the lower incidence was recorded in autumn 
(310grains) particularly in April (50grains), in turn coincides with the 
minimum of AP (17grains) and NAP (33grains).

A noticeable change in monthly pollen composition was observed 
during the sampling period. Pollen calendar (Figure 5) shows the 
variation in the monthly relative frequency of the main pollen types. 
In the late winter, the maximum contributions of anemophilous taxa 
were registered, both from the exotic flora, Morus (29.4%), as well as 
native flora, Alnus acuminata (19.4%), Salix humboltiana (16.8%) and 
Celtis (14.3%). During the spring, the percentages of Celtis (24.4%), 
Callistemon (24.4%), Anadenathera colubrina (21.2%), Eucalyptus 
(12.2%) Fraxinus excelsior (20.9%), Platanus acerifolia (3.2%) and 
Pinus (7.8%) increased. In summer, high contents of NAP composed 
by Poaceae (38.8%), Urticaceae (25.5%) and Amaranthaceae-
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Chenopodiaceae (14.3%), stand out, while the contribution of AP is 
composed by Casuarina cunnighamiana (69.5%), Ulmus (26.3%) 
and Myrtaceae (11.4%). In the autumn months, the percentages of 
NAP are kept high and AP decreases notably. For early winter, the 
dominant content of Cupressus (64.2%), Alnus acuminata (17.5%) 
and Pinus (5.1%) were observed. Of all recorded pollen grains, 18 
with recognized allergenic potential were detected, of which 15 are 
present in significant percentages (Figure 6).

Figure 3 Monthly variation of the pollen richness.

Figure 4 Absolute abundance of trapped pollen by season. a) AP  and b) NAP.

*, Allergenic Potential

Figure 5 Pollen calendar for the year 2011−2012

Figure 6 Pollen types with allergenic potential. Native flora: A) Celtis; B) 
Salix humblodtiana; C) Urticaceae; Exotic flora: D) Cupressus; E) Morus; 
F) Callistemon; G) Fraxinus excelsior; H) Pinus; I) Ulmus; J) Casuarina; 
cunninghamiana; K) Eucalyptus; L) Platanus acerifolia; M) Rumex; Undefined 
origin: N) Poaceae; O) Amaranthaceae-Chenopodiaceae; Scale bar correspond 
to 10µm.
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The diversity of the airborne pollen in the San Salvador de Jujuy 
city reflects the influence of local, extra local and regional flora. Local 
flora presents greater richness and is integrated by ornamental species 
of urban trees, most exotic species.32,33 The extra local and regional 
floras are represented by the contribution of native species of the 
Yungas,31 the former by Lower Montane Forest and the later by the 
Upper Montane Forest. The sampling proves that the best represented 
sources were those that are close to the trap.1,2 It was also found that 
regardless of their spatial distribution, the highest pollen emission 
into the atmosphere came from the anemophilous plants.11 For this 
reason, the month of greatest richness (October) does not coincide 
with the month of maximum incidence (September), since in the late 
winter, there are only anemophilous plants, instead in spring there are 
also contributions of zoophilous plants. This is because; it is the main 
flowering season of the plants with this pollination strategy.10,34 These 
results were comparable with previous samplings in the city.24 In other 
cities of northwestern Argentina, similar results were obtained.21−23 In 
this context, the duration of the pollination period of vegetation6 and 
the months of maximum incidence of pollen in the city’s atmosphere 
can be estimated.

On the other hand, in this study, 18 pollen types that constitute a 
risk to public health were detected. Most belong to the exotic flora, but 
elements of the native flora are also highlighted as Salix humboltiana, 
Urticaceeae and Celtis. In addition, A. acuminata and J. australis 
present properties to be considered as allergenic agents, according to 
Thommen’s postulates.15 Hence, there is a need to conduct sensitivity 
studies to determine the allergenic degree of these pollen types.

The knowledge about seasonal fluctuations in airborne pollen is 
essential for effective diagnosis and treatment of allergy.3,8 Although, 
it is important to note some aspects in reading the pollen calendars. 
Sometimes, errors of interpretation and/or discordance with the 
information occur, because there is not always a positive correlation 
between exposure during the pollination period and allergy 
symptoms.14 This lack of correlation is due to different causes, for 
example, the reaction of the immune system to glycoproteins of pollen 
kit is very variable among patients, and many people have allergies 
to plants that bloom simultaneously, the response of the membranes 
(nasal, bronchial and conjunctival) increases throughout the season 
due to the effect called “priming”.45 The effect consists of the 
progressive decrease in the intensity of the exposure to the allergenic 
agent necessary to trigger an inflammatory response, so that as the 
season progresses a less intense exposure to the allergen is necessary 
for the symptoms to appear. Then, understanding these topics are most 
useful to both the allergologist who can adopt diagnostic measures, 
and the patients who can correlate their symptoms with the periods 
when allergenic pollen is present in the atmosphere.

Conclusion
This study extends the knowledge about the diversity of airborne 

pollen in the San Salvador de Jujuy city, since it represents the first 
annual monitoring. The aerobiological record allows characterizing 
qualitatively the seasonal dynamics of atmospheric pollen content. 
During the late winter, Morus, S. humboldtiana, A. alcuminata and 
Pinus were identified as main emission sources. Inspring, enhanced in 
the richness of the local flora were observed. Exotic plants especially 
angiosperms (F. excelsior, Eucalyptus, Callistemon and P. acerifolia) 
dominated. There were also extra-local contributions of native species 
(Celtis, A. colubrina and P. excelsa) in the same station. During the 
summer, the pollen richness declines and the NAP of herbs plants 

remain in high abundance (Poaceae, Amaranthaceae-Chenopodiaceae, 
Urticaceae) together with C. cunninghamiana and Ulmus, but, 
subsequently decrease progressively in autumn. In early winter, 
gymnosperms (Cupressus) predominate and regional contributions 
of native species of the Yungas (A. acuminata) are registered. It is 
emphasized that the native flora are present in significant percentages 
and a marked seasonality can be observed in the phenology of the 
species.

Results reveal the presence of allergenic pollen from different 
taxa during the entire year. The greatest richness is concentrated in 
spring and in late winter, the highest absolute abundance of pollen 
grains was found, composed of high productivity species. Although, 
it is still unknown, if Yungas Forest species (A. acuminata and J. 
australis) cause allergy, it is probably which they have an impact on 
the population, given the characteristics of its pollen grains. Hence, 
winter could also be considered as a risk period by pollinosis in 
the city due to the high exposure to pollen of Cupressus and native 
flora. Considering the importance of public health, the results of the 
study are a good reference to take criteria for selecting species on the 
planning of the plantation of urban trees in the city.
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