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ABSTRACT

Planting ornamental species can help to create pollinator-friendly habitats. In the present study the flowering 
phenology and floral reward (nectar and pollen) in two cultivars of Prunus serrulata (‘Kanzan’ and ‘Amanogawa’) 
were evaluated in 2014-2015 in the city of Lublin (south-east Poland). On average, the onset of flowering of 
P. serrulata occurred in the first ten days of April (‘Kanzan’) or at the end of April (‘Amanogawa’), and lasted 
8-17 days. In each year of the study, P. serrulata ‘Kanzan’ started flowering 11-18 days earlier than P. serrulata 
‘Amanogawa’. The double flowers of P. serrulata ‘Kanzan’ offered only tiny amounts of nectar and pollen. The 
total mass of sugars was 0.59 mg per flower and that of pollen 0.08 mg per flower. The semi-double flowers of  
P. serrulata ‘Amanogawa’ produced 4.5 mg of sugars per flower and 0.17 mg of pollen per flower. The frequency 
of pollinator visits to flowers was low in P. serrulata ‘Amanogawa’ and very low in P. serrulata ‘Kanzan’. 
Therefore, if pollinator-friendly arrangements are made in urban areas, these cultivars should not be planted.
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INTRODUCTION
Pollinator decline is currently a global issue 
(Goulson et al., 2015; Rhodes, 2018). Lack of 
pollinators is reported to impair agricultural and 
horticultural production (Gallai et al., 2009) as well 
as ecosystem stability (Vanbergen et al., 2013). 
Although specific causes of pollinator decline are 
not always obvious, the lack of food resources is 
indicated as a critical factor for the reduction in 
the abundance of pollinating insects (Alaux et al., 
2010; Filipiak et al., 2017; Jachuła et al., 2018c; 
Rhodes, 2018). There are several possibilities for 
increasing pollinator biodiversity and abundance, 
e.g. the restoration and/or improvement of bee-
friendly habitats 'bee pastures') in agricultural and 
urban areas (Wrzesień et al., 2016b, 2016a; Jachuła 
et al., 2018a; Ziaja et al., 2018). In particular,  

an increase in nesting sites and introduction of food 
plants is required (Somme et al., 2016). Among the 
initiatives, an improvement of floral bee forage in 
urban areas is highly recommended (Matteson 
and Langellotto, 2011; Hicks et al., 2016; Somme 
et al., 2016). In establishing bee-friendly gardens, 
the knowledge on nectar and pollen quantity and 
quality as well as the information if a floral reward is 
attractive to pollinators are required (Denisow et al., 
2014a; Garbuzov and Ratnieks, 2014; Strzałkowska-
Abramek et al., 2016a; Jachuła et al., 2018b).

Many current studies have indicated that 
nectar and pollen traits are crucial for the foraging 
behaviour of pollinators (Abou-Shaara, 2014; 
Antoń and Denisow, 2014). Nectar is produced by 
nectary glands. It is an aqueous solution of sugars 
(mainly sucrose, glucose, and fructose), with some 
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additions of other organic compounds (amino 
acids, proteins) (Nicolson and Thornburg, 2007; 
Antoń et al., 2017). As a major energetic food for 
pollinators, nectar plays an important ecological 
role in establishing plant-insect interactions 
(Strzałkowska-Abramek et al., 2016b, 2018; Nepi et 
al., 2018). Nectar traits (volume, sugar proportion, 
sugar concentration) vary considerably between 
species (Bożek et al., 2015; Strzałkowska-Abramek 
et al., 2018). Also environmental conditions impact 
considerably on nectar production and the sugar 
concentration (Petanidou and Smets, 1996; Nicolson 
and Thornburg, 2007; Denisow et al., 2016). Pollen 
is also an important food resource for pollinators  
(Di Pasquale et al., 2013; Antoń and Denisow, 2018). 
It is the most important source of proteins and other 
nutrients (vitamins, lipids, hormones); therefore, 
pollen diet has a major impact on pollinators' health, 
their growth, development, and immune response 
(Alaux et al., 2010; Brodschneider and Crailsheim, 
2010; Filipiak, 2018).

The ornamental horticulture trade is increasing 
due to the enlargement of production and, 
consequently, ornamental plants receiving a great 
deal of attention (Horticulture Statistics, 2017). 
Planting ornamental species can help to create 
habitats for pollinators in urban parks, home 
gardens, yards, rooftop and container gardens, as 
well as on small patios, and balconies (Denisow et 
al., 2014b; Garbuzov and Ratnieks, 2014).

The genus Prunus contains more than 200 
species of trees and shrubs, some of which are 
widely used in urban arrangements due to showy 
flowers and attractive foliage colours (Kato et 
al., 2012). In Central Europe, Prunus species are 
indicated as important spring melliferous plants 
(Farkas and Zajácz, 2007). In Northern Hemisphere, 
Prunus serrulata (Japanese Flowering Cherry) is 
very popular because of its mass floral display in the 
spring (Chung et al., 2011).

The aim of the present study was to establish 
the duration of flowering of two cultivars of Prunus 
serrulata recommended for growing in urban areas. 
The quantity of nectar and pollen was evaluated. In 
addition, it was determined if the floral reward was 
attractive to insect visitors.

MATERIAL AND METHODS
Study sites and plant species
The study was carried out in 2014-2015 in the 
city of Lublin located in the Lublin Upland, SE 
(south-west) Poland (51°08'-51°18' N and 21°27'-

21°41' E; elevation: 170-220 m). Lublin is the 
largest city of south-eastern Poland, with specific 
flora characteristic of cities with the so-called 
atmospheric urban heat island (UHI) (Rysiak and 
Czarnecka, 2018).

Prunus serrulata Lindl. (Rosaceae) is native 
to East Asia (Kato et al., 2012). In Europe,  
P. serrulata ‘Kanzan’ and P. serrulata ‘Amanogawa’ 
are recommended for landscape architecture and 
gardening arrangements due to their showy flowers. 
Therefore, these cultivars were selected for the 
study.

P. serrulata ‘Kanzan’ is a medium-sized deci- 
duous tree, whose flowers are light pink and double. 
P. serrulata ‘Amanogawa’ develops a columnar 
crown; the flowers are deep pink, semi-double. The 
plants of both cultivars require full sun; however, 
they will grow well enough in shade. 

Observations of flowering
Each year of the study, the phenology of flowering 
was monitored and the onset (= beginning; 10% 
of inflorescences per individuals in bloom), peak  
(= full bloom; approx. 50% of flowers in bloom), 
and the end (= termination; 80% of flowers 
completed flowering) were assessed (Denisow 
et al., 2014a). The observations were conducted 
every two days, on four trees, randomly selected 
each year. Simultaneously with the phenological 
observations, flower life-span (n = 15 flowers for 
each cultivar and growing season), defined as the 
period of time between bud opening and corolla 
wilting, was determined.

For each tree, the number of shoots and the 
number of flowers per shoot (n = 20 shoots) were 
established. The average number of flowers per 
tree was calculated by multiplying the number of 
flowers per shoot by the number of shoots per tree.

Nectar production 
In Prunus species, the nectaries are located in 
the receptacle (Farkas and Zajácz, 2007). Nectar 
production was assessed using micropipettes 
(Antoń and Denisow, 2014). Samples of nectar  
(n = 5 samples per cultivar and growing season) 
from previously bagged flowers were collected on 
the third day of the flower life-span. To exclude 
insect visits, tulle isolators were fitted. Each sample 
contained nectar extracted from 10 to 30 flowers. 
The nectar was withdrawn four or five times during 
each growing season. Sugar concentration in the 
nectar was measured with an Abbe refractometer 
(RL-4 PZO, Warszawa Poland). The total mass of 
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sugars secreted in the nectar was calculated per 
flower (mg) and per tree (g).

Pollen production
Pollen production was evaluated using the ether-
ethanol method (Strzałkowska-Abramek et al., 
2016b). Unopened anthers from buds were collected 
in weighed glass containers (n = 4 × 100 anthers). 
Then, the anthers were placed in a dryer (ELCON 
CL 65, Poland) at approx. 33°C. The pollen was 
rinsed from the anthers once with pure ether (1-2 
ml) and then 5-7 times with 70% ethanol (approx. 
20 ml). The mass of produced pollen was assessed 
per flower (mg) and per tree (g).

Insect visitors
Insect activity was recorded simultaneously with 
the observations of flowering. The observations 
were conducted for three days for each cultivar. 
Insects foraging at 9.00, 12.00, 14.00 and 16.00 h 
(GMT + 2.00 h) were noted. The total number of 
visiting insects was recorded at each time point.

Data analysis
Data are presented as means with standard deviation 
(± SD). Data for different cultivars and years of 
study were analyzed using one-way ANOVA. Post-
hoc comparison of means was made with Tukey's 
multiple comparisons test. The Statistica software 
(ver. 6, Statsoft, Poland) was used.

RESULTS 
Flowering phenology and abundance
On average, P. serrulata ‘Kanzan’ bloomed from 
mid-April till the end of April, while P. serrulata 
‘Amanogawa’ bloomed from the end of April till 
mid-May (Fig. 1). In 2014, the flowering started 

7-14 days earlier than in 2015. In each year of the 
study, P. serrulata ‘Kanzan’ started flowering 11-
18 days earlier than P. serrulata 'Amanogawa’. 
The flower life-span ranged from 2.5 to 5.3 days 
(mean = 3.6 days). The process of flower opening 
was most intensive in the morning/midday hours; 
between 9.00 and 12.00 GMT+2 h approximately 
70% of flowers were opened.

The cultivars studied developed a similar 
number of flowers per tree. However, year effect was 
established for the number of flowers (F1,6  =  8.74 
p  =  0.003 for P. serrulata ‘Kanzan’; F1,6  =  7.84, 
p  =  0.003 for P. serrulata ‘Amanogawa’). In both 
cultivars, significantly more flowers (2-3-fold) were 
noted in 2014, compared to 2015 (means for 2014  
vs 2015 = 63,450 vs 19,630 for P. serrulata 
‘Kanzan’and 66,750 vs 29,320 for P. serrulata 
‘Amanogawa’).

Nectar and pollen rewards
The amount of nectar produced was approx. three 
times as high in P. serrulata ‘Amanogawa' as in  
P. serrulata ‘Kanzan’ (F1,18 = 7.559, p = 0.014)  
(Tab. 1). For each cultivar, year-to-year disparity 
in the amount of secreted nectar was also recorded 
(F1,18  =  7.44, p  =  0.004). On average, the sugar 
concentration of nectar was similar in both cultivars. 
However, for both cultivars, the sugar concentration 
was lower in 2014. The nectar sugar mass produced 
per flower varied between the cultivars (F1,18  =  
12.519, p  =  0.003) and years of the study (F1,18  =  
4.752, p  =  0.034). The mass of sugars per flower was 
0.59 mg in P. serrulata ‘Kanzan’, on average, and 
was 75-93% lower than in P. serrulata ‘Amanogawa’.  
A single tree of P. serrulata ‘Amanogawa’ produced 
approx. six times more sugars, compared to  
P. serrulata ‘Kanzan’.
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Prunus serrulata  'Amanogawa' 

Figure 1. Flowering phenology of two cultivars of Prunus serrulata in 2014-2015, Lublin, SE Poland
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During sunny days, the dehiscence of anthers 
started 2-3 hours after flower opening. The number 
of anthers in double flowers of P. serrulata 
‘Kanzan’ was 3 times lower than in P. serrulata 
‘Amanogawa’. Therefore, the pollen presentation 
period in P. serrulata ‘Kanzan’ flowers was 
very short, approx. 7-9 hours. In the flowers of  
P. serrulata ‘Amanogawa’ (with mean = 18.2  
anthers per flower), pollen  resentation was extended  
to 2 days.

Significant cultivar effect (F1,14  =  4.067, 
p  =  0.042) and year effect (F1,14  =  9.808, p  =  0.046) 
were found for the amount of pollen produced per 
flower. The mass of pollen produced in the flowers 
of P. serrulata ‘Kanzan’ was approx. 50% lower 
than in P. serrulata ‘Amanogawa’ (Tab. 2). The 
total pollen yield varied between the cultivars.  
A single tree of P. serrulata ‘Amanogawa’ 
produced 2.5 times more pollen than a single tree 
of P. serrulata ‘Kanzan’.

Attractiveness to insect visitors
The flowers of P. serrulata ‘Kanzan’ were not 
attractive to insect visitors. Insects foraged the 

flowers only sporadically. In total, 31 insect 
individuals were recorded on the flowers of  
P. serrulata ‘Kanzan’. More insects (178) foraged 
the flowers of P. serrulata ‘Amanogawa’. Among 
the insect visitors, the highest recorded proportion 
was that of Apis mellifera (Fig. 2).

DISCUSSION 
In SE Poland, the ornamental P. serrulata 'Kanzan’ 
and P. serrulata ‘Amanogawa’ flower in April/
May. Similarly, spring blossom on these trees was 
reported also in other parts of Europe and the USA 
(Chung et al., 2011; Ninić-Todorović et al., 2012).

In this study, a year-to-year disparity in the 
flowering period was observed. Over the last 
decade, significant shifts in plant phenology (of 
spring trees in particular) have been recorded 
(Kasprzyk, 2016). The shifts are explained to be 
a response to the climate change (Menzel et al., 
2006). In particular, Prunus species are sensitive 
to air temperatures, which impact their phenology 
(Miller‐Rushing et al., 2007), and Prunus trees 
are recognized as effective indicators of weather 

Table 1. Nectar production, sugar concentration and sugar mass in two cultivars of Prunus serrulata in 2014-2015, in 
Lublin (SE Poland). Means ± SD (standard deviation) are given. Means with the same lower-case letter do not differ 
significantly between the growing seasons within cultivar, whereas means with the same capital letter do not differ 
significantly between cultivars at p = 0.05, based on Tukey's HSD test

Cultivar Year
Nectar amount 

per flower 
(mg) 

Sugar 
concentration 

(% w/w) 

Sugar amount 
per flower 

(mg) 

Sugar amount
per tree 

(g) 

Kanzan
2014 1.61 b ± 0.41 49.8 a ± 12.3 0.81 b ± 0.38 51.03 b ± 22.36
2015 0.53 a ± 0.12 72.3 b ± 9.1 0.38 a ± 0.12 6.65 a ± 2.64
mean 1.07 A ± 0.86 51.1 A ± 10.5 0.59 A ± 0.22 28.84 A ± 18.00

Amanogawa
2014 6.35 a ± 3.20 52.2 a ± 4.5 3.31 a ± 1.45 218.46 b ± 52.63
2015 8.82 b ± 4.62 63.8 b ± 7.1 5.68 b ± 1.97 159.04 a ± 35.41
mean 3.59 B ± 2.85 58.0 A ± 7.7 4.50 B ± 1.72 188.75 B ± 72.58

Table 2. Number of anthers per flower, mass of pollen produced in anthers and flowers, and the total mass of pollen 
per tree in two cultivars of Prunus serrulata in the years 2014-2015 in Lublin (SE Poland). Means ± SD (standard 
deviation) are given. Means followed by the same lower-case letter are not significantly different between years within 
cultivars, and values followed by the same capital letter are not significantly different between cultivars, at p = 0.05 
based on Tukey’s HSD test

Cultivar Year Number of anthers 
per flower

Mass of pollen 
per 100 anthers 

(mg)

Mass of pollen 
per flower 

(mg)

Mass of pollen 
per tree 

(g)

Kanzan
2014 7.50 b ± 3.21 1.53 a ± 0.82 0.11 b ± 0.90 6.93 b ± 3.24
2015 3.20 a ± 1.12 1.25 a ± 0.25 0.04 a ± 0.02 0.70 a ± 0.48
mean 5.35 A ± 1.62 1.39 B ± 0.51 0.08 A ± 0.06 3.82 A ± 1.09

Amanogawa
2014 24.60 b ± 5.47 1.10 b ± 0.34 0.27 b ± 0.14 17.82 b ± 4.32
2015 11.80 a ± 4.32 0.61 a ± 0.28 0.07 a ± 0.05 1.96 a ± 1.25
mean 18.20 B ± 3.12 0.86 A ± 0.32 0.17 B ± 0.12 9.89 B ± 4.13
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conditions or even climate change affecting the tree 
flowering period (Primack et al., 2009).

P. serrulata ‘Kanzan’ and P. serrulata 
‘Amanogawa’ are characterized by a mass floral 
display (Kato et al., 2012). However, the present 
study indicated that the number of developed flowers 
can be diminished, as a considerable decline in the 
number of flowers produced was documented every 
two years. Flowering is a complex process and can 
be affected by various environmental factors. In 
Prunus species, flowering may be limited by drops 
in winter temperatures and/or by early spring frost 
damage to buds (Gunes, 2006; Chung et al., 2011).

In this study, the significant disparities in 
nectar and sugar production were noted between 
the cultivars. The variability in the nectar/
sugar amount produced in the flowers had been 
previously reported in many studies and related 
to the differences between species, cultivars, or 
even among individual flowers (Denisow et al., 
2014a; Bożek et al., 2015; Strzałkowska-Abramek 
et al., 2018). P. serrulata ‘Kanzan’ and P. serrulata 
‘Amanogawa’ differed in flower types, which, no 
doubt, impacted the quantity of the floral reward 
offered. The semi-double flowers of P. serrulata 
‘Amanogawa’ produced approximately three times 
more nectar compared to the double flowers of 
P. serrulata ‘Kanzan’. It is accepted that flower 
morphology (corolla width/depth, flower size) as 
well as plant physiology can affect reward quantity 
(e.g. Nicolson and Thornburg, 2007; Denisow and 
Strzałkowska-Abramek, 2013). In particular, the 
species/cultivars with double flowers are recognized 
as poor nectar-yielding plants (Garbuzov and 
Ratnieks, 2014). According to Farkas and Zajácz 

(2007), nectar/sugar production is lower in hybrids/
cultivars than in homogenous species. For example, 
certain cultivars of P. domestica secrete only tiny 
amounts of nectar (Horváth and Orosz-Kovács, 
2004).

For each cultivar, differences in nectar production 
and nectar sugar concentrations were found 
between the growing seasons. Nectar production 
is dependent on diverse factors, e.g. temperature, 
relative humidity, light, or CO2 concentration 
(Petanidou and Smets, 1996; Jachuła et al., 2018b). 
Environmental factors have been reported to 
influence nectar/sugar production in many plant 
species, including trees and shrubs (Gupta et al., 
1990; Stawiarz and Wróblewska, 2014).

In this study, pollen production per flower and 
per tree differed between the cultivars. Pollen 
potential was twice as high in semi-double flowers. 
This is consistent with other studies, which indicate 
that pollen production per flower is mainly related 
to the number of anthers developed per flower 
(Denisow et al., 2013; Stawiarz and Wróblewska, 
2013; Strzałkowska-Abramek et al., 2016a). More-
over, for each cultivar, differences were noted 
between the growing seasons. The disparity in 
pollen production between the growing seasons 
may be related to differences in weather conditions 
(Strzałkowska-Abramek et al., 2016a). In particular, 
in early spring/spring plants, air temperatures are 
reported to diminish the mass of pollen produced in 
the anthers (Denisow and Strzałkowska-Abramek, 
2013; Denisow et al., 2014a).

The estimated average sugar yield (28.8 g per 
tree) and pollen yield (3.82 g per tree), indicate that 
P. serrulata ‘Kanzan’ should be regarded as a poor 
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Figure 2. Percentage participation of insect visitors in two P. serrulata cultivars. Mean values from 2014 and 2015 are 
given; n = number of recorded insect individuals
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forage-yielding plant. When arranging bee-friendly 
habitats, the cultivar should not be taken into 
consideration but replaced with the better sugar- 
and pollen-yielding P. serrulata ‘Amanogawa’ or 
other forage species suitable for urban areas. For 
example, Caragana arborescens (Fabaceae) can 
produce 49.7 g of sugar and 9.7 g of pollen per 
shrub, on average, and is eagerly visited by honey 
bees and bumble bees (Stawiarz and Wróblewska, 
2014).

CONCLUSIONS
For the selection of forage species that are suitable 
for bee pastures, the recognition of floral reward 
quantity and the determination of attractiveness 
to pollinating insects is necessary. P. serrulata 
‘Kanzan’ offered only tiny amounts of nectar 
sugars and pollen, and received insect visits 
sporadically. Although P. serrulata ‘Amanogawa’ 
yielded approx. 6 times more sugars and 2.5 
times more pollen than P. serrulata ‘Kanzan’, 
the species was not very attractive to pollinating 
insects either. Although P. serrulata ‘Kanzan’ and  
P. serrulata ‘Amanogawa’ are recommended for use 
in urban gardens and as street trees for ornamental 
arrangements, the trees should be excluded if 
pollinator-friendly habitats are arranged.
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