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Introduction

The Arboretum in Horsholm (55°52° N, 12°30” E) is attached to the Danish
Centre for Forest, Landscape and Planning, under the Faculty of Life Sci-
ences, and part of The University of Copenhagen. The Arboretum has an
extensive collection of woody plant species of known origin. There are ap-
proximately 2000 woody plant taxa in the collection, representing 295 gen-
era and 101 plant families. This collection is used to study how plants from
different parts of the world thrive in response to the Danish environment.
A study of the potential of plants spreading from the arboretum to the sur-
rounding area was made to understand how well the collection’s plants were
adapted to the Danish environment (Nielsen & Leverenz 2002). It was also
made to check if there were any potential problem-species that needed to
be studied in more detail, or if control programs were needed. In this study
of the area within 2 km in all ditections from the Arbotretum, we found no
plant species that were definitely spreading from the Arboretum collection.
This was a surprising result, but it became clear that we needed to know if
the plants were producing flowers (pollen) and fruit (seed) in order to have
a clearer understanding of the negative results. As a first step we have begun
to record if, and when, the taxa in the collection produce flowers (and thus
pollen), and fruits (and thereby seed).

Furthermore, as a more popular perspective, both professional and amateur-
gardeners would be very interested in a tool for prolonging the season with
beautiful flowers in gardens.

In this working paper we present the results from three (four) years survey.
The first year (2003/2004) of this project was funded in part by the »Etat-
srads Georg Bestle og Hustru’s Mindelegat«. The second and third years
(2005 and 20006) were funded by G.B. Hartmanns Familiefond. The third
year 2006 was also funded by G.B. Hartmanns Familiefond. Furthermore,
in 2010 flowering of many Rhododendron species was meassured in con-
nection with a project also funded by G.B. Hartmanns Familiefond. Those
flowering data are inclued in this workingpaper. In 2010 fruiting was not
studied.

Dendrologist Jerry W. Leverenz started the flowering and fruiting project in
2003, and was responsible for the data collection in 2004, 2005 and 2000.
Furthermore Jerry W. Leverenz was responsible for the writing of the two
first Working papers: No. 7-2005: Timing and abundance of flowering and fruiting
in the Horsholm Arboretum from september 2003 to october 2004 and No.15-20006:
Timing and abundance of flowering and fruiting in the Horsholn Arboretum-results
from the first two years. Jerry W. Leverenz has not contibuted directly to this
Working paper and the data analysis.



Figure 1: Prunus triloba flowering late april 2003

Methods

Although botanists would not call the sexual reproductive organs of gym-
nosperms »flowers, the term will be used, in this paper, for both gymno-
sperms and angiosperms for ease of writing. Likewise the term fruit will be
used in a broad sense.

This project has utilized student helpers to carry out the bulk of the field
work and has also been used to educate students at the Royal Veterinary
and Agriculture University. For the students involved, contact with the Ar-
boretum’s living collection over an extended period greatly increased their
knowledge and appreciation of the many different woody taxa and their
variable responses to the seasons.

Every year, each area of the arboretum was walked through about once eve-
ry week. Often more than one calendar day within a week was used to go
through the entire arboretum. In the first 3 years the survey included »the
entire collection«. The fourth year (2010) only Rhododendron-species was
scored. In between we have data from 2008, but those data still need some
work before comparison is possible.

Flowering and fruiting dates and abundance were recorded on a list of the
plants sorted by their positions within the collection.



Identification tags on the plants were marked in pencil when a record was
made (»X« for flowering, »O« for fruiting). Because the tags were not always
marked, double recordings occasionally occurred. In such cases, only the
first date was entered into the database. Flowering week number was re-
corded along with the flowering date to add security in the records.

The precision of the observations was plus or minus one week (Leverenz ef
al. 2005) and therefore ‘week’ numbers are used in all data analyses.
Flowering dates were determined to occur for a plant when 50% or more of
the flowers on a plant had opened. Occasionally it was judged that the flow-
ers had opened the week before but were overlooked (on rarer occasions
even several weeks before) and the observation was then backdated and a
note made of the backdating. Forward dating was also done when plants
were very close to flowering. However, forward dating was not done in the
winter or early spring months, because a week of below zero weather could
completely stop development of the plants. For plants with separate male
and female flowers, flowering date was judged from the male flowers. For
catkin producing plants this was done in most cases by tapping the catkins
or shaking the branches and looking for pollen release. It was difficult to get
a clear sight of the crown of tall trees, and therefor binoculars, or spotting
scope, were used to observe the flowers. Even so, the tall trees could not be
observed with the same accuracy as the plants with flowers near eye level.
The spotting scope was only used for problem trees as it took extra time to
use.

Fruiting date was judged by when 50% or more the fruit had ripened based
on colour. Opening of cones or woody capsules was not used as this can be
delayed for a considerable time in some species. The timing of the open-
ing of ripe cones is an adaptation to local environments and can vary from
provenance to provenance for a given species (Frankis & Lauria 1992).
Fleshy fruits and some conifer cones tended to be removed by birds and
other animals before we would have judged them to be ripe. Because of this
the students were asked to record fruit ripening dates a bit eatly, especially,
if they noticed that the fruits were being consumed. Nevertheless some
fruits were probably missed as all the fruit were observed to disappear over
a period of a few days in some species like for example Pinus pumila and
Podocarpus nivalis. We also can not rule out the possibility of harvesting by
visitors. People collecting in the arboretum are supposed to ask permission
first but this does not always occur. Errors caused by the loss of fruits by
predation are probably at most only a few percent of the whole collection,
but for individual taxa this error could be misleading. For some species like
Hamamelis species, Larix species or some Pinus species cones are held on the
tree for several years. This also made it difficult to judge the fruit produc-
tion, especially in tall trees where it was difficult to see the age classes, and
probably added some error in the numbers of fruits recorded.

Some taxa, for example Sinocalycanthus chinensis produced fruit with only
empty seed. These were still counted. It would be impossible for a study of
this type to determine the viability of the seed for all the species studied.
Thus the observation of fruiting only indicates the potential for viable seed
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production and is not a guarantee that viable seeds were produced.

The Arboretum include more than 3000 taxa and the applied methods has
not allowed a detailed and exhaustive set of flower and fruit observation.

Fruiting plants may have been overlooked, and fruits on many plants can
be hidden by the foliage. In many cases significant underestimation of the
number of ripe fruits can therefore have occurred (Leverenz 2006). Still the
data were quite valuable for a positive identification of plants that have pro-
duced fruits in the years of observation.

The abundance of both flowers and fruits was registered in the following
four abundance classes: 0 to 9 flowers or fruits, gave a score of 1, 10 to 99
gave a score of 2, 100 to 999 gave a score of 3, and 1000 or more a score
of 4. This abundance data is not presented here, but incorporated into the
Arboretum electronic database for easy access.

Results and discussion

Figure 2, shows the average number of taxa flowering over the 4 years
(2004, 2005, 2006 and 2010) as well as the average number of fruiting taxa
(2004, 2005 and 2000).

Average number of taxa flowering or fruiting
during the four year period.
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Figure 2: Average number of plants flowering in the Arboretum collection during four years
studly.
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In appendix A, the data shows the flowering intervals of the four years:
»first flower weeke, »last flower week« and »mean flower week«. The data
also shows »mean flower number«, »mean fruit week«, »mean fruit number«
and sample size for both flowering and fruiting;

Statistical analysis of data shows that there is highly significant difference

between average first flowering week, between most years as shown in table
1.

Year Mean first 2004 2005 2006 2010 Temperature
flower week sum over 5°c
until 15. April
2004 21,28 - S S NS 71
2005 20,95 S - S S 85
2006 21,66 S S - NS 23
2010 21,64 NS S NS - 71

Table 1: Mean first flowering week is highly significant different (S) between most years beside
2004/2010 and 2005/2010 (NS). The difference can probably be explained by temperature sum
f.ex. over 5c until the 15. of april.

Even though the dataset is limited by only 4 replications (years) it is most
likely that the differences in flowering week is explained by the heat sum
untill a sudden date, f.ex heat sum over 5°c untill the 15th of april as shown
in table 1. In the future we will repeat this project and by then, statistical
analysis will be more extensive.

Analysis also shows that the order of species flowering is almost the same
every year, with an average correlation of 0,9 between years. This is bo-
tanically not surprising, but underlines that data collection has been made
homogeneous and carefully, even though many students were implicated in
this process.

Future aspects

In this paper results and data from a huge fieldwork are only briefly pre-
sented.

The dataset presents a unique opportunity to investigate into details about,
for example, special families and how weather influence on timing af flow-
ering and/or fruiting.

The flower observations of Corylus sp and Betula sp is especially interest-

ing due to the allergenic effects of the pollen from these species. Data on
Corylus has already been used by a BSc student to calculate the temperature
sum needed for the species to flower, and study how the length and inten-
sity of the pollen season is influenced by the weather conditions. Presently
a study of the Befula complex is also planned, and links to the likely effect
of climate change can be an important outcome. The studies will lead to
scientific publications in relevant journals, but also publications that target a
wider public audience with interest in the allergenic aspects.



Temperature recordings from 2004 and up to 2010 will be used to explain
differences between flowering and fruiting week from 2004-2010. Further-
more in the future these recordings will be compared to climatic data when
flowering and fruiting are measured again. This should be done in 5 to 10
years to see what effect the global warming and more extreme weather con-
ditions have on the collection of woody plants in the Horsholm Arboretum.
Connected to another G.B. Hartmann Familiefond funded project we now
have about 10 temperature sensors allocated in most parts of the Horsholm
Arboretum (installed october 2010). Until now climatic data has been pro-
vided by the nearest national weather station which is placed approximately
15 km. away.

The use of our own temperature sensors will reveal whether the Arbore-
tum has a different microclimate than the surroundings. Experience from
professional gardeners indicates that it tends to be colder in the Arboretum
than places only 5 km away. Furthermore data from the winter 2010/2011
show that there are temperature differences within the Arboretum of up to
8 degrees on very cold nights. Therfore a temperature grid of the Arbore-
tum will be very usefull in further analysis of the flowering data, as an ex-
plaining factor in statistical analysis.
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Appendix A - Flowering and fruiting data
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