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A b s t r a c t
All lindens provide Apidae insects with nectar, pollen, and honeydew. Lindens are impor-
tant melliferous trees in Poland. The first purpose of the study was to carry out pheno-
logical observations of the flowering in ten linden taxa. The second aim was to analyse 
the content of linden pollen grains in the air of Lublin. A correlation between the param-
eters of the pollen season and meteorological factors was also determined. This study 
was conducted in the city of Lublin located in the central-eastern part of Poland. The 
flowering phenophases were analysed, using the method developed by Łukasiewicz, dur-
ing the growing seasons of 2012-2015. Aerobiological monitoring, which was based on 
the volumetric method, was carried out over the 2001-2014 time period. As shown in the 
study, the flowering period of all the analysed linden taxa lasted 7 weeks, on average, 
from June 7 to July 24. The average length of the flowering period of the investigated 
taxa and hybrids was in the range of 12-17 days. Their flowering periods overlapped. 
The atmospheric pollen season lasted, on average, from mid-June to the second 10-day 
period of July. The highest concentration of airborne pollen was noted at the end of June. 
The pollen season pattern was significantly affected by temperature and relative air hu-
midity as well as by rainfall in May and June. The investigations indicate a 9-day accelera-
tion of the pollen season, which may be associated with global warming.
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INTRODUCTION

Park and urban alley trees provide Apidae insects 
with ample rewards in spring and the first half 
of summer. Under Central European conditions, 
which includes Poland, most other trees flower 
mainly during the spring period, whereas the 
linden flowers in the summer period (Kołtowski, 
2006; Lipiński, 2010; Piotrowska-Weryszko 
& Weryszko-Chmielewska, 2014). Due to this, 
lindens can be considered to be one of the last 
trees to bloom during the growing season in this 
region of Europe.
The genus Tilia comprises over 60 species 
growing in the temperate zone of the northern 
hemisphere (Seneta & Dolatowski, 2008). These 

trees reach a height of 20-30(40) m and live 
for 300-500 years. In Poland, two wild species 
occur, i.e. the small-leaved linden (Tilia cordata 
Mill.) and the broad-leaved linden (T. platyphyl-
los Scop.). The former grows throughout the 
country (in the mountains up to an altitude of 
600-800 m a.s.l.). In turn, the latter one is rarely 
found in the southern lowland belt, Lublin and 
Małopolska Uplands, Świętokrzyskie Mountains, 
Lower Silesia, and the Podkarpacie region as 
well as at lower mountain altitudes (Zając & 
Zając, 2001; Mirek et al., 2002). Both species 
are planted in parks, along roads, and in residen-
tial areas. Apart from the native linden species, 
alien species can be seen in urban greeneries. 
Lindens are sensitive to drought, soil salinity, 
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high temperatures, and air pollution (Bühler, 
Nielsen, & Kristoffersen, 2006; Baczewska et 
al., 2014). Therefore, some species, e.g. native 
small-leaved and broad-leaved lindens, should 
not be planted in compact developments, since 
in such conditions they are infested by pests 
and lose their leaves early. Hence, alien linden 
species, which are more resistant to urban 
conditions, are important for greenery planting. 
The alien linden species are often characterised 
by a different flowering period, flower scent, 
leaf shape and colour, and crown habit (Browicz, 
1968; Jones, 1968; Cullen et al., 1984). Some 
of these species are valuable for beekeeping, 
given the different periods and abundance of 
flowering and honey yield (Demianowicz & Hłyń, 
1960; Kołtowski, 2006; Lipiński, 2010). In Poland, 
over 20 linden taxa are cultivated. By an appro-
priate choice of alien species, of their hybrids, 
and of varieties, all flowering at different time 
points, it is possible to create a beekeeping 
collection. In combination with native species, 
the above will provide bees with rewards for 
over 10 weeks. Such an increased availability of 
summer rewards often contributes to increased 
honey yields in apiaries. An increased availabil-
ity of summer rewards also exerts a beneficial 
effect on the size of pollen reserves in bee 
colonies, which determines successful colony 
development in autumn (Kołtowski, 2006; 
Lipiński, 2010).
In the liquid state, linden honey is transparent 
and greenish-yellow. After crystallisation, it 
becomes light yellow, strongly fragrant, and has 
a relatively sharp flavour (Waś et al., 2011). The 
honey yield, depending on the taxon, ranges 
from 180 to 300 kg per ha (Lipiński, 2010). But 
the pollen yield is in the range of 25-90 kg per 
1 ha (Szklanowska & Teper, 1999; Kołtowski, 
2006).        
Linden flowers are pentamerous and have 
numerous stamens and one pistil. Nectar is 
produced in trichomatous floral nectaries 
located at the protrusion of the basal part of 
the sepals (Anderson, 1976; Konarska, 2013; 
Yousefzadeh et al., 2013). Lindens grown in 
Poland are characterised by varied abundance 
of flowering. Approximately 30-year-old individ-

uals of T. platyphyllos and T. tomentosa produce, 
on average, over 200 thousand flowers, T. 
cordata and T. × euchlora over 700 thousand, 
and T. insularis over 1 million (Szklanowska et 
al., 1999). In comparison with other zoogamous 
species, lindens produce a great amount of 
pollen grains, e.g. one T. cordata flower produces, 
on average, 43 500 pollen grains (Szczepanek, 
2003). Linden pollen grains are tricolporate, 
slightly flattened, and medium sized, i.e. 23.7 
× 31.0 µm (Dyakowska, 1959; Chambers & 
Godwin, 1961; Bassett, Crompton, & Parmelee, 
1978). In the flowering period, the linden pollen 
grains are present in the air, which is confirmed 
by analyses of the plant pollen concentration in 
the aeroplankton at different pollen monitoring 
sites across Poland (Szczepanek, 1994; Stach, 
Kluza-Wieloch, & Zientarska, 2006; Piotrowska, 
2010; Weryszko-Chmielewska & Sadowska, 
2010; Puc et al., 2015) and in other European 
countries (Rizzi-Longo et al., 2007; Ščevková et 
al., 2010). Tilia pollen grains exhibit low allergenic 
properties (Mur et al., 2001). 
Investigation of the variability of phenological 
phases and pollen seasons is one of the indispen-
sable elements in the development of calendars 
of flowering and pollen release in melliferous 
plants. Plant pollen seasons are regarded as 
indicators of variation in flowering phenology, 
plant ecology, and climate change (Emberlin 
et al., 1994, 2002; Menzel et al., 2006). Many 
authors show that the temperature in the period 
preceding flowering has a significant effect on 
the beginning of flowering and pollen release in 
plants (Primack et al., 2004; Juknys et al., 2011, 
2012; Massetti, Petralli, & Orlandini, 2014). 
Due to this, the analysis of the dynamics of 
successive flowering and pollen release stages 
will allow us to adapt apiary management to the 
growth of melliferous vegetation and predict 
in the future, the flowering pattern of plants 
that are important sources of pollen and nectar 
(Kołtowski, 2006; Lipiński, 2010).
As confirmed by the results of numerous 
studies, climate change causes changes in the 
growth cycle of plants. The results of phenologi-
cal observations, in particular flowering obser-
vations (Chmielewski & Rötzer, 2001; Primack 
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et al., 2004; Czernecki & Jabłońska, 2016), but 
also aerobiological observations allow us to 
determine precisely the beginning and end of 
pollen release in plants (Frei & Gassner, 2008; 
Puc et al., 2015; Zhang et al., 2015). The results of 
these observations are the strongest biological 
signal of the existence of such changes. The cli-
mate-warming-induced acceleration in flowering 
time is often associated with the extension of 
this growth stage. In the case of bee plants, this 
fact can be significantly important to the devel-
opment of bee colonies. At a time of progressive 
climate change, plant growth conditions also 
change. In the future, new species or varieties 
better adapted to higher temperatures and 
lower rainfall may need to be introduced into 
cultivation (Prażak, 2016). The above situation 
may also apply to bee plants.
The first aim of the study was to analyse the 
course of selected phenophases in ten linden 
taxa. The second aim was to analyse the content 
of airborne linden pollen grains in Lublin and to 
determine the relationship between the pollen 
season parameters and meteorological factors.

MATERIAL AND METHODS

Phenological phases. The investigations 
involved 10 taxa of ca. 40-year-old linden 
trees. Three species were of Asian origin: 
Tilia amurensis Rupr., which grows naturally 
in Manchuria and Korea, T. insularis Nakai 
originates from Korea, and T. japonica (Miq.) 
from Japan. Three taxa grow in Europe and Asia: 
T. cordata Mill., T. dasystyla Steven, and T. platy-
phyllos Scop. Two taxa, T. americana L. and 
T. michauxii Nutt, are native to North America. 
Additionally, the T. × euchlora K. Koch (T. cordata 
× T. dasystyla) hybrid, and T. tomentosa Moench 
‘Petiolaris’ were analysed. In total, 16 trees 
were the objects of the research, including 3 
specimens of T. cordata, 2 - T. americana, 2 - 
T. insularis, 2 - T. platyphyllos, 2 - T. michauxii, 
and one specimen of each of the other taxa. 
The observations of the individual flowering 
phases were performed on the same specimens 
during the 2012-2015 time period. To this end, 
two branches of each experimental tree (one on 

the south side, the other one on the north side) 
were selected immediately before the flowering 
period. Next, the seasonal dynamics of blooming 
were assessed every day at 14:00-16:00. The 
phenological observations of flowering biology 
were carried out using the method described 
by Łukasiewicz (1984). The following phases 
of generative development were analysed: (P1) 
appearance of first flowers (several full-blown 
flowers), (P2) beginning of full bloom (about 
25% of open flowers), (P3) end of full bloom 
(about 75% of flowers overblown), and (P4) end 
of flowering (all flowers overblown). Due to its 
alternating flowering, T. japonica was not inves-
tigated in 2014. 
The flowering phenology observations were 
carried out in the south-western part of 
Lublin, in the Botanical Garden of the Maria 
Curie-Skłodowska University in Lublin and its 
immediate surroundings. The lindens grew in 
sun-exposed localities on podzolic soil formed 
on loess and were surrounded by different 
species of trees and shrubs. 
Lublin is located in the central-eastern part of 
Poland. The climate of the Lublin region is char-
acterised by the influence of continental air 
masses. The vegetation period in Lublin lasts 
215 days (Woś, 1999). The average annual 
temperature (2001-2014) is 9.1°C. The average 
total annual precipitation in Lublin is 546.8 mm 
(Department of Meteorology and Climatology, 
UMCS). West and southwest winds are predomi-
nant in the city (Lorenc, 2005).
Pollen season. The content of Tilia pollen in the 
air of Lublin was analysed from 2001 to 2014 
using the volumetric method. A Hirst-type pollen 
and spore trap (Lanzoni VPPS 2000) was used 
for pollen sampling using the volumetric method 
during the Tilia pollen season. The sampler was 
placed on the roof of a building in the centre of 
Lublin, on Akademicka Street. The sampler was 
placed at a height of 18 m above the ground level 
(51°14’37’’ N, 22°32’25’’ E; 197 m a.s.l.). Dozens 
of linden trees grow among compact develop-
ments and along the roads in the vicinity of the 
sampling station. Linden trees are also present 
in the nearby parks and squares (Kwiatkowski 
& Sawicki, 2008). They are also components of 
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the forest complexes surrounding Lublin and 
phytocoenoses located within the city limits 
(Fijałkowski, 1994). A microscopic analysis of 
slides was performed and Tilia pollen seasons 
were determined following the recommenda-
tions of the International Association for Aero-
biology (Jäger, 2003). Tilia pollen content was 
estimated in 1 m3 of air per day. 
The length of the linden pollen season was 
calculated with the 98% method. According 
to this method, the beginning of the pollen 
season was defined as the day when 1% of the 
cumulative annual pollen sum was recorded, while 
the day with 99% of the pollen count recorded 
was assumed to denote the end of the season 
(Jäger, 2003). This method allows the exclusion 
of very low pollen concentrations occurring ir-
regularly and coming from distant transport or 
from secondary re-deposition (Emberlin et al., 
1994; Galan et al., 1995). The following pollen 
season parameters were analysed: start, end, 
duration (length of the pollen season), peak 
value (daily maximum pollen concentration), 
peak date (date of the daily maximum pollen 
concentration), and SPI (seasonal pollen index 
– the sum of pollen grains during the given 
season). The relationships between individual 
parameters of the pollen season, phenological 

phases, and weather factors were determined 
based on correlation analysis. The distribution 
of data was tested using the Shapiro-Wilk test. 
Because the distributions of the data were 
not normal, Spearman’s correlation test was 
used (Domański, 1990). Statistical analysis was 
performed using STATISTICA ver. 8 software.
 
RESULTS

Phenological phases. On average, the 
flowering period for all the lindens lasted 7 
weeks, from June 7 to July 24. The sequence of 
flowering of the individual taxa, i.e. Tilia platy-
phyllos, T. americana, T. dasystyla, T. cordata, 
T. × euchlora, T. amurensis, T. tomentosa 
‘Petiolaris’, T. japonica, T. michauxii, and 
T. insularis (Fig. 1), did not change over the study 
period (Tab. 1). The lindens were characterised 
by flowering intensity changing from year to 
year and by relatively alternating flowering. 
Tilia insularis, T. platyphyllos, and T. tomentosa 
‘Petiolaris’ bloomed fairly regularly every year, 
while the other taxa exhibited an alternat-
ing flowering pattern with greater abundance 
every second year. 
The first bloom dates of T. platyphyllos varied 
over the study period and were dependent on 

Fig. 1. Time and duration of flowering of Tilia species and Tilia pollen season in the period 2012-2014; phases of 
blooming: (P1) appearance of first flowers (several full-blown flowers), (P2) beginning of full bloom (about 25% 
of open flowers), (P3) end of full bloom (about 75% of flowers overblown), and (P4) end of flowering (all flowers 
overblown). 



J. APIC. SCI.  Vol. 60 No. 2 2016

197

weather conditions. On average, the flowering 
date was on June 7. The coefficient of variation 
(CV) for this trait was highest compared to the 
other species and it was 37%. Full bloom was 
observed, on average, on June 9 and the end of 
full bloom, on average, on June 14. Tilia platy-
phyllos was characterised by a short flowering 
period, i.e. 12 days.
Tilia americana and Tilia dasystyla flowered 
almost simultaneously. The onset of flowering 
for these taxa was noted during the final phase 
of T. platyphyllos flowering, i.e., on average, 
on June 18. There were larger differences in 
the flowering time of these taxa between 
years compared to the later flowering species 
– the CV for T. americana and T. dasystyla was 
24.4% and 22.7%, respectively. Full bloom was 
recorded between June 20 and 27. The end of 
flowering was noted between July 2 and 3. The 
average length of the flowering period of these 
taxa was 15 days.
Tilia cordata occurs frequently in the compact 
developments, parks, and residential areas of 
Lublin.  Tilia cordata usually flowered after June 
20. The difference in the dates of the beginning 
of flowering over the 4 years was 7 days (coef-

ficient of variation 13.8%). The end of flowering 
was noted, on average, on July 7. The coefficient 
of variation was only 1.4%. The small-leaved 
linden exhibited the longest flowering period 
(17 days), in comparison with the other analysed 
taxa. The beginning of flowering coincided with 
the flowering of T. americana and T. dasystyla, 
while the end overlapped the flowering period 
of T. × euchlora, T. amurensis, T. japonica, and 
T. tomentosa ‘Petiolaris’ (Tab. 1, Fig. 1). 
After the full bloom phase in T. cordata, two 
other taxa, i.e. T. × euchlora and T. amurensis, 
began flowering. The onset of their flowering 
period was noted in the first days of July (the 
CV for T. × euchlora and T. amurensis was 5.1% 
and 11.1%, respectively). Full bloom of both taxa 
was recorded in the period between July 3 and 
11. The flowering period of Tilia × euchlora was 
short, i.e. 12 days. 
The beginning of Tilia tomentosa ‘Petiolaris’ 
flowering was observed, on average, on July 
5, and the end was recorded, on average, on 
July 18. The difference in the start and end 
of the flowering of this taxon in the extreme 
years was only 4 and 5 days, respectively. This 
taxon was characterised by the most balanced 

Table 1
Phenological phases of flowering of the investigated species and hybrids of Tilia in the period 

2012-2015

Takson

Phenological phases

beginning of 
flowering (P1)

beginning of
full bloom (P2)

end of
full bloom (P3)

end of
flowering (P4)

duration of 
flowering (days)

Mean ± SD CV% Mean ± SD CV% Mean ± SD CV% Mean ± SD CV% Mean ± SD CV%

T. platyphyllos 7.06 ± 2.5 37.0 9.06 ± 2.5 28.6 14.06 ± 3.0 21.7 18.06 ± 3.1 17.0 12 ± 1.3 10.3

T. americana 18.06 ± 4.5 24.4 20.06 ± 4.5 22.0 27.06 ± 3.8 13.8 2.07 ± 4.1 12.7 15 ± 0.5 3.4

T. dasystyla 18.06 ± 4.2 22.7 20.06 ± 3.7 18.0 27.06 ± 5.0 18.6 3.07 ± 2.9 8.9 15 ± 2.2 14.5

T. cordata 21.06 ± 2.9 13.8 22.06 ± 3.4 15.3 1.07 ± 1.8 6.0 7.07 ± 0.5 1.4 17 ± 2.7 16.4

T. × euchlora 2.07 ± 1.6 5.1 3.07 ± 2.1 6.2 9.07 ± 1.3 3.2 13.07 ± 1.5 3.5 12 ± 1.0 8.1

T. amurensis 3.07 ± 3.6 11.1 4.07 ± 3.2 9.5 11.07 ± 3.1 7.5 15.07 ± 2.4 5.2 15 ± 1.0 6.3

T. tomentosa 
‘Petiolaris’

5.07 ± 1.3 3.6 6.07 ± 1.3 3.5 13.07 ± 1.7 4.0 18.07 ± 1.7 3.6 14 ± 1.6 11.7

T. japonica 7.07 ± 1.5 4.1 8.07 ± 1.5 4.0 17.07 ± 1.5 3.3 21.07 ± 1.1 2.3 14 ± 2.1 14.5

T. michauxii 8.07 ± 3.7 9.8 10.07 ± 4.9 12.4 16.07 ± 3.4 7.3 19.07 ± 3.1 6.3 12 ± 1.0 7.8

T. insularis 10.07 ± 3.7 9.1 12.07 ± 3.9 9.1 20.07 ± 2.2 4.3 24.07 ± 1.7 3.2 15 ± 4.3 28.8

Explanations: (P1) appearance of first flowers (several full-blown flowers); (P2) beginning of full bloom (about 25% of 
open flowers); (P3) end of full bloom (about 75% of flowers overblown); (P4) end of flowering (all flowers overblown).
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flowering pattern during the study years - the 
coefficient of variation for the analysed phases 
of flowering was in the range of 3.5-4.0%.
The end of T. cordata flowering was followed by 
the onset of the flowering period of T. japonica 
and T. michauxii (Tab. 1, Fig. 1). The beginning 
of the flowering of these taxa was noted, on 
average, on July 7-8 (CV 4.1%-9.8%). The end 
was recorded in the period between July 19 
and 21. The full bloom phase in these taxa was 
observed, on average, between July 8 and 17. 
Tilia japonica exhibited clear alternation of 
flowering: it bloomed abundantly in 2013 and 
2015 and weakly in 2012. In 2014, it did not 
produce flowers at all. 
Tilia insularis was the last linden taxon to bloom. 
The species was characterised by abundant 
and stable flowering every year. The beginning 
of flowering was recorded, on average, on July 
10 (coefficient of variation 9.1%), while the end 
was always recorded in the third 10 days of July 
(on average, on July 24).   
Pollen season. In mid-June, linden pollen 
appeared in the air of Lublin. The graphic image 
of the pollen season clearly had one peak - with 
the highest pollen concentration in late June and 
in July (Fig. 2). 
Over the study period analysed, the difference 

in the onset of the linden pollen season in the 
extreme years was more than 2 weeks (Tab. 2). 
The earliest start of the Tilia pollen season was 
noted in 2007 (June 8) and the latest in 2004 
(June 24). The earliest end of the pollen season 
was recorded in 2002 (July 2) and the latest in 
2006 (July 26). The significance of this variabil-
ity is evidenced by the value of the coefficient 
of variation, i.e. 35.0% for the beginning and 
end of the season (Tab. 2). The length of the 
pollen season exhibited the lowest variability 
and differed by 24 days in the extreme years 
of the study. The average length of the season 
was 35 days. The highest variability was found 
for the maximum concentration of linden pollen, 
with a variation coefficient of 62%, while the 
annual seasonal pollen index (SPI) was char-
acterised by a coefficient of variation of 56% 
(Tab. 2). The seasonal peak, usually recorded at 
the end of June, was preceded by a 1.5-week 
period of low pollen concentrations. There was 
a 1-month difference in the occurrence date 
of the maximum pollen concentrations in the 
extreme years. During the 14-year study period, 
the highest value of maximum daily concentra-
tion, i.e. 97 P/m3, was recorded in 2006, while 
the lowest maximum value observed in 2014 
was merely 9 P/m3. The annual sum of linden 

Fig. 2. Tilia pollen concentrations in the atmosphere of Lublin (average for 2001-2014).
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pollen was characterised by a relatively high 
dispersion of values (an 8-fold difference).
The seasonal pollen index analysis showed the 
highest values of the annual pollen sums to be 
in the middle and at the end of the 2001-2014 
period, although no significant trend was found 
(Fig. 3).  
The statistical analysis revealed statistically in-
significant trends at the onset of the Tilia pollen 
season and the date of maximum pollen concen-
tration, which indicated 9-day acceleration of 
the linden pollen season over the 14-year study 
period (Fig. 4). 
Spearman’s r correlation analysis showed a 
positive correlation between the onset of the 
linden pollen season and the maximum concen-
tration date (Tab. 3). This implies that in the case 
of a late onset of the linden pollen season, the 
maximum concentration will be observed later 
as well. A relatively high level of a significant 
positive correlation was found between the end 
of the linden pollen season and the duration, 

peak value, peak date, and SPI. Furthermore, 
there was a significant effect of season length 
on the value of the maximum daily concentra-
tion and the annual sum of linden pollen (SPI). 
In shorter pollen seasons, the peak value and 
SPI were lower. The highest positive correlation 
was observed between the peak value and SPI 
(Tab. 3).
Correlation between phenological phases 
and pollen season 
The linden flowering period in Lublin in the 
2012-2014 time period, started, on average, on 
June 6 and lasted until July 25. During this period, 
the Tilia pollen season started, on average, on 
June 12 and ended on July 17 (Fig. 1).    
Spearman’s r correlation analysis showed that 
the analysed parameters of the Tilia pollen 
season were significantly correlated with the 
flowering phenophases of four linden taxa; 
T. cordata, T. × euchlora, T. amurensis, and  
T. tomentosa ‘Petiolaris’ (Tab. 4).
The statistical analysis revealed that an early 

Table 2
Statistics of the parameters of the Tilia pollen season in Lublin in the period 2001-2014

Statistics
Pollen season Peak

start end
duration 

(days)
value
(P/m3)

date
SPI

(pollen sum)

Mean ± SD 14.06 ± 5.0 18.07 ± 6.5 35.0 ± 6.5 42.0 ± 26.1 26.06 ± 8.1 283.0 ± 159.0

Min - max 8.06 - 24.06 2.07 - 26.07 21.0 - 45.0 9.0 - 97.0 10.06 - 9.07 79.0 - 624.0

CV% 35.0 35.0 19.0 62.0 31.0 56.0

Fig. 3. The linear trend of Tilia pollen sums during the pollen seasons in Lublin, 2001-2014.
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Table 3
Spearman’s correlations between the parameters of the Tilia pollen season in Lublin in the period 

2001-2014

Parameters of pollen season Spearman coefficient

Start & peak date 0.762**

End & duration 0.703**

End & peak value 0.664*

End & peak date 0.724**

End & SPI 0.706**

Duration & peak value 0.572*

Duration & SPI 0.588*

Peak value & SPI 0.964**

Level of significance * - 0.05, ** - 0.01; SPI - seasonal pollen index (the sum of pollen grains during the given season).

Table 4
Significant Spearman’s correlations between phenological phases and Tilia pollen season 

parameters in Lublin in the period 2001-2014

Tilia species
Phenological phases & parameters of 

pollen season
Spearman coefficient

T. cordata

Beginning of flowering (P1) & end -0.875**
Beginning of full bloom (P2) & end -0.891**
End of full bloom (P3) & peak date -0.741**

Duration of flowering & end 0.912**

T. × euchlora
Beginning of flowering (P1) & end 0.833**

Duration of flowering & end -0.745**

T. amurensis
Beginning of full bloom (P2) & end 0.643*

Beginning of full bloom (P2) & duration 0.664*

T. tomentosa 
‘Petiolaris’

Beginning of flowering (P1) & end 0.720**
Beginning of flowering (P1) & duration 0.692*

Level of significance * - 0.05, ** - 0.01.
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flowering of T. cordata significantly increased 
the duration of the pollen season. The analysis 
also revealed that the maximum concentration 
of Tilia pollen in the air was recorded during the 
full bloom stage of this species.
Similarly, the date of the onset and full bloom of 
three other taxa, i.e. T. × euchlora, T. amurensis, 
and T. tomentosa ‘Petiolaris’, had a significant 
effect on the end and duration of the pollen 
season (Tab. 4). This indicates that pollen grains 
of alien linden taxa and hybrids significantly 
increase the duration of the pollen season.
Correlation between the pollen season and 
meteorological factors
Spearman’s r correlation analysis showed that 
the Tilia pollen season started earlier when 
the air temperature in May and June were 
high, and the precipitation rates in the first 
10 days of June were lower than in the next 
10-day periods (Tab. 5). The end date of the 
pollen season was influenced by air tempera-
ture in May, and air humidity in June. Lower 
temperatures in May, and higher humidity in 
May and June, contributed to a longer duration 
of the linden pollen season. The seasonal 
maximum value was positively correlated with 
the temperature in June, which implies that 
the highest peak values were recorded in a 
period characterised by higher temperatures. 
The high air humidity in the second 10 days of 

June contributed to a decrease in the values 
of maximum pollen concentrations. The date 
of the maximum pollen concentration in the 
air was significantly correlated with the tem-
perature and precipitation in May and June. 
The higher temperatures at the end of June 
increased the SPI values. On the other hand, 
the higher air humidity in June reduced the 
SPI value (Tab. 5).

DISCUSSION

The flowering of lindens occurs during an 
important period in the development of bee 
colonies. This period is called the main reward 
period and in Poland usually lasts from June to 
the second 10-day period of July. During this 
time, many other species that produce nectar 
in abundance also bloom, among others; black 
locust, oilseed rape, clover, and buckwheat 
(Prabucki, 1998; Lipiński, 2010). In this period, 
the work of a bee colony is mainly concentrated 
on the collection of nectar and its transport to 
the hive, the conversion of nectar into honey, 
and the accumulation of honey reserves. 
Numerous foragers participate in nectar 
collection, but young bees aged only 14 days 
also take part. The development of bee larvae, 
which require constant feeding, also takes 
place during this period. The strength of a bee 

Fig. 4. Linear trends of selected features of Tilia pollen seasons in Lublin, 2001-2014.
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Table 5
Spearman’s correlations between Tilia pollen season parameters and meteorological factors in 

Lublin in the period 2001-2014

Season parameter vs meteorological factor Spearman coefficient

Dependent variable:

season start

mean temperature in the second 10-day period of May -0.621*
mean temperature in the third 10-day period of May -0.729**

maximum temperature in the third 10-day period of May -0.685*
minimum temperature in the third 10-day period of May -0.760**

mean temperature in the first 10-day period of June -0.728**
maximum temperature in the first 10-day period of June -0.693*
minimum temperature in the first 10-day period of June -0.855**

rainfall in the first 10-day period of June 0.628*

Dependent variable:

season end

mean temperature in May -0.698**
maximum temperature in May -0.642*
minimum temperature in May -0.676*

rainfall in the first 10-day period of June 0.722**
humidity in the first 10-day period of June 0.740**

humidity in June 0.778**

Dependent variable:

duration

mean temperature in the first 10-day period of May -0.650*
maximum temperature in the first 10-day period of May -0.635*
minimum temperature in the first 10-day period of May -0.660*

humidity in the first 10-day period of May 0.744**
humidity in May 0.765**

humidity in the third 10-day period of June 0.789**

Dependent variable:

peak value

mean temperature in the first 10-day period of June 0.624*
maximum temperature in the third 10-day period of June 0.627*

humidity in the second 10-day period of June -0.912**

Dependent variable:

peak date

mean temperature in the second 10-day period of May -0.795**
maximum temperature in the second 10-day period of May -0.751**
minimum temperature in the second 10-day period of May -0.804**

mean temperature in the third 10-day period of May -0.667*
minimum temperature in the third 10-day period of May -0.809**

mean temperature in May -0.842**
maximum temperature in May -0.774**
minimum temperature in May -0.859**

minimum temperature in the first 10-day period of June -0.650*
mean temperature in the second 10-day period of June -0.685*

maximum temperature in the second 10-day period of June -0.663*
minimum temperature in the second 10-day period of June -0.788**

rainfall in the third 10-day period of May 0.665*
rainfall in the first 10-day period of June 0.632*

Dependent variable:

SPI

maximum temperature in the third 10-day period of June 0.631*
humidity in the second 10-day period of June -0.916**

humidity in June -0.687*

Level of significance * - 0.05, ** - 0.01; SPI - seasonal pollen index (the sum of pollen grains during the given season).
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colony is dependent on the abundance of nectar 
sources (Prabucki, 1998).
Phenological observations carried out in various 
cities in Poland show that the variation range of 
linden flowering onset dates may even be two 
weeks. The observations of Stach et al. (2006) 
and Pawlikowski (2010) reveal that in western 
Poland the small-leaved linden blooms, on 
average, on June 13, i.e. 8 days earlier compared 
to the results found in  Lublin (June 21). On the 
other hand, the long-term phenological observa-
tions of Lipiński (2010) demonstrate that in the 
central-eastern part of Poland T. cordata blooms, 
on average, on June 26, which is 5 days later than 
in Lublin. The variation in the occurrence of the 
small-leaved linden’s particular flowering phases 
is smaller for the nearby cities, as confirmed by 
the previous studies conducted by Weryszko-
Chmielewska and Sadowska (2010) in Lublin, 
Szklanowska et al. (1999) as well as Jabłoński 
and Kołtowski (1999) in Puławy, and Czubacki 
(1996) in Zamość. On average, the beginning of 
the flowering of the small-leaved linden in the 
above-mentioned cities located in the central-
eastern part of Poland, is on June 21.
Due to climate warming, the main reward period 
can begin earlier. This is shown by the results 
of our phenological and aerobiological investiga-
tions which reveal that the pollen release period 
of linden accelerated by 9 days over the 14-year 
period. The results of other authors’ studies also 
indicate an acceleration in the flowering period 
of many herbaceous and tree species over the 
last few decades (Emberlin, 2002; Menzel et al., 
2006; Puc et al., 2015).
The observations carried out in Lublin 
concerning the flowering dates of alien linden 
species and hybrids as well as the duration of 
the flowering periods and the differences in 
flowering seasons between the study years, 
agree with the results reported by Szklanow-
ska et al. (1999), Jabłoński and Kołtowski (1999) 
from Puławy, Lipiński (2010) from Warsaw, 
Demianowicz and Hłyń (1960) from Kórnik, and 
Pawlikowski (2010) from Toruń. Based on phe-
nological observations carried out in different 
regions of Poland, it has been found that Tilia 
americana starts flowering the earliest of the 

most frequently cultivated alien linden species, 
and is followed by T. dasystyla, T. × euchlora, 
T. amurensis, T. tomentosa ‘Petiolaris’, T. japonica, 
and T. insularis. Their flowering periods last, on 
average, 2 weeks. The greatest difference in the 
flowering date between years is one week. The 
sequence of flowering of these taxa in Poland 
follows a latitudinal direction, i.e. from the south 
northwards. The start of the flowering period 
of Tilia × euchlora, T. tomentosa, T. japonica, and 
T. insularis was recorded in the first 10 days of 
July in Lublin and Puławy, and in the second 10 
days of July in the west and north of Poland.
Alternate flowering reported for the majority of 
the investigated species is in agreement with the 
observations described by other authors (Demi-
anowicz & Hłyń, 1960; Jabłoński & Kołtowski, 
1999; Szklanowska et al., 1999; Lipiński, 
2010). Regular yearly flowering of some taxa 
(T. insularis, T. platyphyllos, and T. tomentosa 
‘Petiolaris’) and alternate biennial flowering 
of the other ones (T. americana, T. amurensis, 
T. cordata, T. dasystyla, T. × euchlora, T. japonica, 
and T. michauxii), can be regarded as a biological 
feature of these taxa.
In Poland, linden pollen is present in the aero-
plankton from mid-June to the end of July 
(Szczepanek, 1994; Stach, Kluza-Wieloch, & 
Zientarska, 2006; Piotrowska, 2010; Weryszko-
Chmielewska & Sadowska, 2010), which was 
also confirmed in Lublin. The highest pollen con-
centration was recorded at the end of June and, 
less frequently, at the beginning of July. A similar 
regularity was observed in Bratislava, Slovakia 
(Ščevková et al., 2010). Linden sporomorphs 
were recorded in mid-May in Triest, north-east-
ern Italy (Rizzi-Longo et al., 2007), and in the 
second 10-day period of July in Skien, south-
western Norway (Piotrowska, 2010).
The linden pollen seasons in various cities of 
Poland and in other European countries are char-
acterised by low annual totals. This is primarily 
associated with the fact that the linden is an 
entomophilous plant and has large, heavy pollen 
grains with a high falling rate (Dyakowska, 
1959). In this case, the distance between the 
sampling site and blooming specimens is of 
great importance. The seasonal pollen index 
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(SPI) in Lublin was over three-fold higher than 
that in other cities in Poland and in other 
European countries (Szczepanek, 1994; Stach, 
Kluza-Wieloch, & Zientarska, 2006; Rizzi-Longo 
et al., 2007; Piotrowska, 2010; Ščevková et al., 
2010). The difference may be related to the fact 
that lindens are very common in Lublin’s urban 
greenery.
The flowering of all the studied linden species 
lasted a total of 48 days, on average, from June 
7 to July 24. In the case of the earliest flowering 
species, i.e. Tilia platyphyllos, T. americana and 
T. dasystyla, there were distinctly greater dif-
ferences in the flowering time between years, 
which averaged 8 days, compared to the linden 
species that flower later (in July) in the case 
of which the variation in flowering time was, 
on average, 6 days. The flowering period of 
the specific species or hybrids lasted about 
two weeks. The overlapping of their flowering 
periods proved to be strong, while it was weaker 
in the case of T. platyphyllos. The selected 
linden species and hybrids that are presented in 
this paper can provide the honey bee and wild 
Apidae insects uninterrupted pollen and nectar 
rewards, on average, from June 7 to July 24. This 
study shows a trend towards acceleration (by 9 
days) of the pollen season noted over a period 
of 14 years. Such a trend may be associated 
with global warming. The atmospheric pollen 
season lasted, on average, from mid-June to the 
second 10-day period of July. The highest con-
centration of airborne pollen was found at the 
end of June. The onset of linden pollen seasons, 
their duration as well as maximum pollen con-
centrations and annual pollen totals (SPI), were 
dependent on temperature and relative air 
humidity as well as on rainfall in May and June.
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