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Abstract. The first seed orchards of lime trees Tilia cordata Mill. were established in Poland in the Susz Forest District in 1985.
Currently, there are 21 seed orchards of this species in the country in order to satisfy the seed demand and preserve the species
as well as its genetic diversity. Due to disease symptoms occurring in 7ilia trees and irregular fruiting, an attempt was made to
collect information on the problems of seed orchards and their characteristics in Poland. In order to achieve this goal, the average
annual seed yield and the total amount of seeds collected in orchards located in Poland were analysed and compared. Each of
the selected orchards currently has several dozen different 7ilia clones, which mainly serve to preserve genetic diversity. These
orchards are producing seeds from which new tree seedlings are grown and therefore increases in yield are desired. In this study,
we analysed orchard location and their seed yield based on the information provided by Forest Districts and the National Seed
Register, in which foresters record data on the collection of seeds as well as breeding difficulties resulting from unsuitable soil
types. We were able to determine that seed yield is primarily influenced by the age of the trees. In addition, trees are exposed to
changing weather conditions each year, which may not always be conducive to seed formation. Furthermore, it is during seed
collection that the disease symptoms or nutritional deficiencies of trees are observed and recorded, which may not occur every
year due to the variability of seed formation and demand. In addition, trees are exposed to changing weather conditions each year,
which may not be conducive to seed formation.
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1. Introduction

The first seed orchards of forest tree species in Europe
were established in Great Britain (1931), Sweden (1946),
Hungary (1950) and Poland (1964). Initially, silvicultural
practices were applied only on coniferous species, namely
Scots pine Pinus sylvestris L. and larch Larix decidua Mill.
(Kowalczyk et al. 2011). In the past, forest management
significantly influenced the composition of forest commu-
nities, resulting in the dominance of several tree species with
high commercial value. However, for several decades, there
has been a move away from monocultures, systematically
increasing the proportion of other tree species, mainly de-
ciduous. As a consequence, successive crops have been in-
troduced in order to establish a seed base for the acquisition
of forest reproductive material. Currently, the total area of

Received: 2.11.2020 r., accepted after revision: 2.02.2021 r.

forest seed orchards in Poland, according to the National
Register of Forest Basic Material (KRLMP) (BNL 2019),
is 1643.08 ha.

Seed orchards (SO) are selected clones (groups of indi-
viduals with the same genetic composition, obtained from a
single specimen through asexual reproduction) or pedigrees
(offspring of a parent tree obtained through sexual repro-
duction), subject to special management and isolation rules
in order to maximally limit the pollen supply from external
sources (Kowalczyk et al. 2011). Seed orchards are esta-
blished in order to obtain abundant harvests of seeds with
increased genetic value, as well as to facilitate seed collec-
tion and intensify yields (Kocigcki 1988; Kowalczyk et al.
2011). They are subject to a selective breeding program to
improve seed production (Kowalczyk et al. 2011). Seeds
from selected stands (seed stands excluded from harvesting)
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and of known origin (commercial seed stands) as well as
material from parent trees, clones and clonal mixtures are
also used in forestry. Seed orchards are additionally a va-
luable base for preserving the genetic variability of forest
trees — in vitro gene banks (Kowalczyk et al. 2011). Due to
the increasing demand for seeds of various coniferous and
deciduous tree species in Poland in the last decades, new
seed orchards have been established, including orchards of
small-leaved lime 7ilia cordata Mill. This could be a valu-
able species in a changing climate due to its wide ecological
amplitude, drought tolerance, and food source for pollina-
ting insects (Pigott 2012).

The first orchard of this species in Poland was established
in 1985 in the Susz Forest District and has an area of 7.79
ha. Subsequent orchards appeared quite regularly, currently
forming a base of 21 seed orchards, according to KRLMP
(BNL 2019). The established orchards are or can be a source
of the most valuable reproductive generative and vegetative
material, they also serve to preserve the genetic diversity of
the species. The establishment of such a large seed base in
the country is part of the “Programme for the conservation
of forest genetic resources and selective breeding of trees in
Poland for 2011-2035” (Fonder 1992, 2006; Matras 1992,
2000; Ludwikowska et al. 2011).

T. cordata is widely distributed in Europe, but due to its
relatively sparse occurrence in western European forests and
low economic value in the current timber market, the issue
of harvesting its seeds has been insufficiently understood.
As many commonly grown trees of greatest economic im-
portance have been shown to be potentially vulnerable to the
effects of climate change (Bradshaw et al. 2000; Leuschner
et al. 2009; Zajaczkowski et al. 2013), it is very likely that
small-leaved lime will become an increasingly sought-after
and valued species for forest managers, as it may play an
important role in forest adaptation to climate change (Ber-
nadzki et al. 1998; Brzeziecki et al. 2016).

The aim of the study was to collect information on small
-leaved lime seed crops in Poland and to indicate their im-
portance in forestry. Basic information on the location of all
orchards registered in Poland, their area and year of esta-
blishment are presented. The volume of seed yields obtained
from orchards in the period 1985-2013 is described, and an
attempt is made to indicate the problems of cultivation faced
by selected units.

The study used both literature data and unpublished ma-
terials from the following forest districts: Jastrowie (Pita
RDSF), Lopuchéwko (Poznan RDSF), Pniewy (Poznan
RDSF), Susz (Olsztyn RDSF) and Swierczyna (Szczecinek
RDSF), as well as data from KRLMP (BNL 2019). The data
collected in the study concerning the costs of establishing
the crop and the expenses of forest districts relating to this

task are from archival materials that were made available to
the authors. The selected crops are located in the Zachod-
niopomorskie, Warminsko-Mazurskie and Wielkopolskie
Provinces.

2. Characteristics of the species

Small-leaved lime is a European deciduous species with
a wide but scattered distribution. Its occurrence is strongly
correlated with temperature values (Pigott, Huntley 1981;
Boratynska, Dolatowski 1991), and its natural range is pri-
marily in central Europe, from northeastern France to central
Russia. The distribution of the species in the Mediterrane-
an region is mainly limited by summer droughts and low
humidity (Pigott, Pigott 1993; Radoglou et al. 2008). Small
-leaved lime occurs naturally in a wide range of soil types,
from podzols to brown soils to rendzinas, as well as in soils
with a wide range of textures: from soils with high clay and
silt content to soils containing mainly sand (Radoglou et al.
2008). Currently, the proportion of this species varies widely
across Europe — scattered in western Europe and more com-
mon in eastern Europe (De Jaegere et al. 2016).

Small-leaved lime in Poland occurs most abundantly in
the eastern and southern parts of the country (Boratynska,
Dolatowski 1991; Gil, Zajaczkowski et al. 2014). Flowering
begins at the end of June and usually ends at the end of July,
but this is highly dependent on the region of Poland. Nectar
production depends on temperature, and flowering intensity
varies between years. The flowers are entomophilous and
attract many species of pollinating insects, active both in
daytime and at night (Pigott 2012). Small-leaved lime trees
produce a seed crop almost every year (Tal 2006). Light,
drought and frost are important factors for flower develop-
ment (Pigott 1975). Frosts and low summer temperatures are
the most often cause of crop failures (Pigott, Huntley 1981;
Kowalczyk et al. 2011). Plants enter the flowering phase at
different ages, which translates into irregular yields from in-
dividual specimens, depending on the intensity and pheno-
logy of flowering, as well as the number of male and female
flowers in individual specimens. At the same time, lime has
a remarkable capacity for vegetative reproduction as part of
its life strategy, which gives it an advantage over other spe-
cies (Brzeziecki, Kienast 1994).

Small-leaved lime is quite commonly used by humans
and has a range of applications, among others as an ideal
species for afforestation in rural and urban areas as well as
former agricultural land (Zajaczkowski 2001; Skolud 2006;
De Jaegere et al. 2016). Although the small-leaved lime is
not a major forest-forming species, its seed stands (sets of
trees with similar morphological characteristics, growing
in close proximity and interacting with each other) are hi-
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ghly valued in forestry. Lime is an admixture species that
improves nutrient circulation. Its leaves are rich in mineral
elements and their rapid decomposition has a positive ef-
fect on soil quality, especially in nutrient-poor sites (Hagen
-Thorn et al. 2004). Furthermore, its ability to grow well on
steep slopes and in ravines makes it a very useful species for
soil stabilisation on wooded slopes (De Jaegere et al. 2016).
Lime flowers are also an important source of pollen and nec-
tar for bees (Anderson 1976). The species therefore provides
many benefits and significant ecosystem services.

3. Cultivation problems

Small-leaved lime seed orchards are located mainly in the
northern part of Poland, with only a few in the south and east
of the country. The orchards are very diversified in terms of
area (Table 1). In order to establish them, genetic material
that was the closest in terms of origin to the area of cultiva-
tion was used. The current health status of the trees varies,
and breeding problems mostly concern the acclimatisation
of tree seedlings. Tree diseases causing reduced or no regu-
lar seed yields are observed in the orchards (Jabtonski et al.
2017). The most common diseases of small-leaved lime are:
anthracnose, leaf rust, cankers on the bark caused by a group
of fungal pathogens and verticilliosis (Orlikowski, Wojdyta
2003). According to the expert opinions commissioned by
the forest inspectorates to diagnose the reasons for lime tree
die-out, the causes are often disturbances in the availabili-
ty of water, which prevent the proper development of the
plants (periodic droughts or too much precipitation as well
as inappropriate soil aeration). According to many authors,
bad soil conditions are responsible for the death of seedlin-
gs and reduced yield of trees (Ludwikowska et al. 2011).
Sobczak (1999) shows that it is the abundance of organic
matter reserves in the soil that affects the health of the trees
and may determine their continued viability. According to
Rolbiecki et al. (2013), field nurseries are especially prone
to tree degradation during many years of intensive use. The
need for regular fertilisation and monitoring soil quality in
seed orchards for optimal plant growth and yield is also sug-
gested by Ludwikowska et al. (2011). Fertilizing lime trees
with compost in relation to mineral fertilisation can lead to
faster seedling growth even by 55% (Rolbiecki et al. 2013).
These authors also report that organic fertilisation signifi-
cantly affects the height growth of three-year-old lime se-
edlings (by 18% on average), and mulching can increase
their root collar diameter by up to 11%. Both of these factors
also have a positive effect on the development of the entire
plant, especially the size of the leaf area, which was larger in
organically fertilised plants. Another important argument for
the use of organic fertilisation and mulching in nurseries is

the increase in the number of leaves per plant. An interesting
observation of Rolbiecki et al. (2013) is that the proposed
solutions give noticeable effects in seedlings only in the se-
cond and third year, while they are not seen in the first year.
Hilszczanska and Sierota (2006) explain that some mycor-
rhizal fungi (Hebeloma (Fr.) P. Kumm., Laccaria Berk. and
Broome and Thelephora Ehrh. ex Willd.) can inhibit plant
development at an early stage of mycorrhizal establishment.
According to Gawronski (2004) and Koreleski (2006a, b),
successful afforestation on lower quality land depends ma-
inly on the use of seedlings of an appropriate quality. Howe-
ver, Rolbiecki et al. (2013) and Ludwikowska et al. (2011)
provide another hypothesis to explain the poor condition of
trees. In their opinion, the cause of seedling death may be
the staggered development of leaf buds. However, there is
still a lack of scientific studies unequivocally explaining the
causes of plant death and further research is needed on the
growth and yield of 7ilia species and clones.

4. Tree yields at selected small-leaved lime
seed orchards

The small-leaved lime seed orchards discussed in this
paper were established over the last few decades, i.e. 1985-
2014, which is associated with varying tree maturity in terms
of the extent of their yields. This factor may be most respon-
sible one for the plants’ volume of seed production under
optimal weather and habitat conditions. An adequately se-
lected site for the cultivation of small-leaved lime trees may
contribute to an improved crop yield, as well as limit the oc-
currence of problems due to disease symptoms. Maintaining
seed orchards also involves a number of activities to keep
the trees in optimal health. Forest districts’ costs here inclu-
de, in particular, the need for regular maintenance, care and
fertilisation of the crop during the period when the trees are
not bearing fruit (on average, the first 6—10 years). This en-
tails maintaining the seed orchard in optimal health and hab-
itat condition, which can consist of many factors, described
below from selected examples of orchards. Long-term culti-
vation of small-leaved lime, focused on the long-term acqui-
sition of seeds for production purposes, allows the current
level of seed yield from an orchard to be determined. On
average, it is possible to obtain 25-100 kg of seeds per year
from 1 ha of an orchard (Chatupka et al. 2011). Seed har-
vests from individual orchards have so far been very varied.

In the small-leaved lime tree seed orchard in the Susz Fo-
rest District (the oldest in Poland), maintenance costs have
thus far included the following: plant care, pest protection,
habitat expertise regarding soil condition, removal of over-
growth from trees, fence repairs, mowing the orchard, ferti-
lisation (with potassium salt, nitro-chalk, ammonium nitrate,
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Table 1. The basic characteristics of 7ilia cordata Mill. seed orchards in Poland based on KRLMP (BNL 2019)

Regional .
Directorate of the Forest District Area [ha] Ye?r of Total seed harvest until Avarage seed
establishment 2013 [kg] harvest [kg]
State Forest

Bielsk 6,05 1986 3 345,60 223,04
Bialystok

Krynki 4,40 2000 144,50 28,90

Gdansk 1,89 1987 32,00 10,66
Gdansk

Kwidzyn 3,59 1997 540,00 67,50
Katowice Opole 5,45 2014 - -
Krosno Lezajsk 4,03 1992 1 012,00 77,84
Lublin Swidnik 5,45 1991 797,00 61,31
Lodz Grotniki 6,62 1997 632,80 39,55

Olsztyn 16,05 1997 1 162,00 145,25
Olsztyn

Susz 7,79 1985 2 327,50 232,75
Pita Jastrowie 4,00 1987 154,60 22,08

Lopuchowko 2,20 1996 39,50 6,58
Poznan

Pniewy 4,32 1996 263,30 32,91
Szczecin Glusko 2,71 1992 10,00 10,00
Szczecinek Swierczyna 4,43 2000 91,10 8,28

Brodnica 3,60 2013 - -
Torun Jamy 5,15 2012 - -

Szubin 4,36 2012 - -
Warszawa Lukoéw 6,58 1996 - -
Wroctaw Oborniki Slqskie 4,99 2004 62,55 6,95
Zielona Goéra Krzystkowice 5,30 2012 - -

KRLMP — National of Forest Base Material, BNL — Forest Seed Office

superphosphate, copper sulphate, zinc sulphate, lime, urea).
In the Swierczyna Forest District, costs were incurred with
regard to: stem whitewashing, removal of suckers, sowing
grass mixtures, tree pruning, pruning and inventorying graft
vitality. In the Pniewy Forest District, unplanned costs in
establishing the orchard were those relating to the repeated
purchase of the trees that froze in the first years of the or-
chard’s existence and their replanting.

The problems faced by the forest districts in cultivating
trees may have affected the crop yield. From information
gathered at selected forest districts in the country, it is known

that only a few individuals regularly produce seeds. It also
happens that the seeds are not harvested due to lack of de-
mand for seed. The average price of one kg of small-leaved
lime seeds has been 45 PLN in recent years (unpublished
data from Susz Forest District). Therefore, it seems that from
the economic point of view, maintaining seed orchards is not
profitable. Despite the various problems in the cultivation of
small-leaved lime, the most important reason for doing so is
to preserve genetic diversity. Maintaining this specific base
will allow the future reconstruction of tree stands by using
clones from the seed crops.
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5. Summary

Orchards, which currently serve as a source of seeds for
further stages of forest restoration, especially mixed deci-
duous forests using small-leaved lime, play an important role
in Poland in preserving genetic material. The aim defined in
terms of cultivating this type of crop is first of all to counteract
monoculture crops, which are a threat to the diversity of the
plants and animals in the forest environment. An important
factor allowing this phenomenon to be counteracted is the
establishment of, among others, seed orchards, which are a
natural gene bank for many plants. The many years of expe-
rience of Polish forest districts in operating lime tree orchards
show that their biggest problem is in finding suitable sites for
cultivation. The collected information also proves that this
may be an element which lowers the seed yield of trees. In ad-
dition, symptoms of tree diseases are often observed, as well
as nutritional deficits in the soils. The joint work of foresters
and the exchange of experiences from previous breeding at-
tempts to increase tree yields can contribute to improving the
current situation regarding tree health. The breeding problems
observed in the last few decades, significantly challenging the
work of foresters, can be minimised by conducting broader
research in the field of this species’ preferences in relation to
selecting the optimal habitat for small-leaved lime, and by de-
veloping one widely available database of information on the
issues pertaining to its seed crops.

The data presented in this paper show a relationship between
the age and maturity of trees and their seed yield. It is important
to store surplus seed from harvests in years with higher yields
in order to reduce the need to purchase lime seed from other
sources in the future. However, keeping seeds too long can also
contribute to a reduction in seed germination capacity.

Conflict of interest

The authors declare the absence of potential conflicts of
interest.

Acknowledgements and funding sources

The research was financed from the authors’ own resour-
ces. The authors thank the employees of the Forest Districts
of Susz, Swierczyna, Jastrowie, Lopuchéwko and Pniewy
for sharing information on small-leaved lime tree cultivation
in the seed orchards discussed in this paper.

References

Anderson G.J. 1976. The pollination biology of Tilia. American
Journal of Botany 63(9): 1203-1212.

Bernadzki E., Bolibok L., Brzeziecki B., Zajaczkowski J., Zybura
H. 1998. Compositional dynamics of natural forests in the Bi-
atlowieza National Park, Northeastern Poland. Journal of Vege-
tation Science 9: 229-238. DOI 10.2307/3237122.

BNL 2019. Krajowy Rejestr Lesnego Materialu Podstawowego.
Biuro Nasiennictwa Les$nego, Warszawa. https://www.bnl.gov.
pl/semen,krajowy rejestr lesnego materialu_podstawowe-
£0,109.asp [5.11.2020].

Boratynska K., Dolatowski J. 1991. Systematyka i geograficz-
ne rozmieszczenie, w: S. Biatobok (red) Lipy — Tilia cordata
Mill., Tilia platyphyllos Scop., Nasze drzewa lesne. Monogra-
fie popularnonaukowe 5. Agencja Arkadia. Poznan, 54-64.
ISBN 8385099271.

Bradshaw R.H.W., Holmqvist B.H., Cowling S.A., Sykes M.T. 2000.
The effects of climate change on the distribution and manage-
ment of Picea abies in southern Scandinavia. Canadian Journal
of Forestry Research 30: 1992—-1998. DOI 10.1139/x00-130.

Brzeziecki B., Kienast F. 1994. Classifying the life-history strategies
of trees on the basis of the Grimian model. Forest Ecology and
Management 69:167-187.DOI110.1016/0378-1127(94)90227-5.

Brzeziecki B., Pommerening A., Miscicki S., Drozdowski S., Zy-
bura H. 2016. A common lack of demographic equilibrium
among tree species in Bialowieza National Park (NE Poland):
evidence from long-term plots. Journal of Vegetation Science
27: 460—469. DOT 10.1111/jvs.12369.

Chatupka W., Matras J., Barzdajn W., Blonkowski S., Burczyk J.,
Fonder W., Gradzki T., Gryzto Z., Kacprzak P., Kowalczyk J.,
Koziot C., Pytko T., Rzonca Z., Sabor J., Szelag Z., Tarasiuk S.
2011. Program zachowania lesnych zasobow genowych i ho-
dowli selekcyjnej drzew w Polsce na lata 2011-2035. Centrum
Informacyjne Laséw Panstwowych, Warszawa, 141 s. ISBN
978-83-61633-60-0.

De Jaegere T., Hein S., Claessens H. 2016. A review of the charac-
teristics of small-leaved lime (7ilia cordata Mill.) and their im-
plications for silviculture in a changing climate. Forests 7(3):
56. DOI 10.3390/£7030056.

Fonder W. 1992. Program selekcji drzew i jego realizacja w Lasach
Panstwowych. Postepy Techniki w Lesnictwie 51: 28-36.

Fonder W. 2006. Realizacja Programu zachowania lesnych zaso-
boéw genowych i hodowli selekcyjnej drzew lesnych w Polsce
na lata 1991-2010, in J. Sabor (Ed). Elementy genetyki i ho-
dowli selekcyjnej drzew lesnych. Centrum Informacyjne Lasow
Panstwowych. Warszawa, 1-142. ISBN 978-83-61633-60-0.

Gawronski K. 2004. Problematyka zalesiania gruntdw marginal-
nych terenow gorskich. Infrastruktura i Ekologia Terenéw
Wiejskich 2: 153-166.

Gil W., Zajaczkowski G. 2014. Wystgpowanie drzewostanoéw z
udziatem lipy drobnolistnej (7ilia cordata Mill.) na terenie za-
rzadzanym przez Lasy Panstwowe. Sylwan 158(10): 743-753.
DOI 10.26202/sylwan.2013146.

Hagen-Thorn A., Armolaitis K., Callesen I., Stjernquist 1. 2004.
Macronutrients in tree stems and foliage: A comparative study
of six temperate forest species planted at the same sites. Annals
of Forest Science 61: 489-498. DOI 10.1051/forest:2004043.

Hilszczanska D., Sierota Z. 2006. Wptyw inokulum mikoryzo-
wego grzyba Thelephora terrestris na wzrost sadzonek sosny


https://doi.org/10.2307/3237122
http://semen.bnl.gov.pl/jawne/?poz=menu/LMP
https://www.bnl.gov.pl/semen,krajowy_rejestr_lesnego_materialu_podstawowego,109.asp
https://www.bnl.gov.pl/semen,krajowy_rejestr_lesnego_materialu_podstawowego,109.asp
https://www.bnl.gov.pl/semen,krajowy_rejestr_lesnego_materialu_podstawowego,109.asp
https://doi.org/10.1016/0378-1127(94)90227-5
https://doi.org/10.1111/jvs.12369
https://doi.org/10.3390/f7030056
https://doi.org/10.1051/forest:2004043

36 Kesy et al. / Le$ne Prace Badawcze, 2021, Vol. 82 (1): 31-36

zwyczajnej Pinus sylvestris L. 11. Badania polowe. Sylwan 2:
20-28. DOI 10.5586/am.2006.032.

Jabtonski T., Tarwacki G., Jaworski T. 2017. Szkodniki liSciozer-
ne drzew lisciastych, w: Krétkoterminowa prognoza wystepo-
wania wazniejszych szkodnikow i choréb infekcyjnych drzew
lesnych w Polsce w 2017 roku. Instytut Badawczy Le$nictwa,
Sekocin Stary, 84-93, ISBN 978-83-62830-59-6.

Kocigcki S. 1988. Wytyczne w sprawie selekcji drzew na potrzeby
nasiennictwa lesnego. Prace Instytutu Badawczego Lesnictwa.
Seria B, www.ibles.pl [07.12.2020].

Koreleski K. 2006a. Systematyka zabiegow sanacji gruntow ze szcze-
gblnym uwzglednieniem rekultywacji. Infrastruktura i Ekologia
Terenow Wiejskich 3/1: 5-15.

Koreleski K. 2006b. Wstepna ocena wptywu laséw i zadrzewien
na warto$¢ gruntéw ornych. Infrastruktura i Ekologia Terenow
Wiejskich 2/1: 5-14.

Kowalczyk J., Markiewicz P., Chatupka W., Matras J. 2011. Planta-
cje nasienne — rola i znaczenie w gospodarce le$nej. Las Polski
22:18-20.

Leuschner C., Kockemann B., Buschmann H. 2009. Abundance,
niche breadth, and niche occupation of Central European tree
species in the centre and at the margin of their distribution
range. Forest Ecology and Management 258: 1248—1259. DOI
10.1016/j.foreco.2009.06.020.

Ludwikowska A., Kowalkowski W., Tarasiuk S. 2011. Wzrost
szczepow lipy drobnolistnej (7ilia cordata Mill.) na plantacji
nasiennej w Nadles$nictwie Susz. Lesne Prace Badawcze 72(2):
121-130. DOI 10.2478/v10111-011-0013-x.

Matras J. 1992. Podstawy selekcji drzew le$nych i zachowania za-
sobow genetycznych. Postepy Techniki w Lesnictwie 51: 9-15.

Matras J. 2000. Realizacja ochrony le$nych zasobéw genowych
i hodowli selekcyjnej drzew w Lasach Panstwowych w latach
1991-1999. Prace Instytutu Badawczego Lesnictwa 903: 63-83.

Orlikowski L., Wojdyta A. 2003. Choroby ozdobnych drzew liscia-
stych. Plantpress, Krakow, 1-173. ISBN 978-83-61438-24-3.

Pigott C.D. 1975. Natural regeneration of 7ilia cordata in relation
to forest structure in the forest of Biatowieza. Philosophical
transactions of the Royal Society Ser. B 270(904) 570: 151—
179. DOI 10.1098/rstb.1975.0006.

Pigott C.D., Huntley J.P. 1981. Factors controlling the distribution
of Tilia cordata Mill. at the northern limits of its geographical
range. [V. Estimated ages of the trees. III. Nature and cause
of seed sterility. New Phytologist 87: 817-839. DOI 10.1111/
j-1469-8137.1981.tb01716.x.

Pigott C.D., Pigott S. 1993. Water as a determinant of the distribu-
tion of trees at the boundary of the Mediterranean zone. Jour-
nal of Ecology 81: 557-566. DOI 10.2307/2261534.

Pigott D. 2012. Lime-trees and basswoods: A biological mono-
graph of the genus Tilia, 1st ed., Cambridge University Press,
New York, USA, 40 s. DOI 10.1017/cbo9781139033275.

Radoglou K., Dobrowolska D., Spyroglou G., Nicolescu V.N.
2008. A review on the ecology and silviculture of limes (7ilia
cordata Mill., Tilia platyphyllos Scop. and Tilia tomentosa
Moench.) in Europe, 29 s. http://www.valbro.uni-freiburg.de/
[ 28.10.2020].

Rolbiecki S., Klimek A., Rolbiecki R., Dtugosz J., Musiat M. 2013.
Wstepne badania nad wykorzystaniem kompostowanego osadu
sciekowego 1 ektoprochnicy do wzbogacania gleb w rocznym
cyklu produkcji sadzonek lipy drobnolistnej (7ilia cordata
Mill)). Acta Scientiarum Polonorum Formotio Circumiectus
12(3): 113-122.

Skolud P. 2006. Zalesianie gruntéw rolnych i nieuzytkéw — porad-
nik wilasciciela. Centrum Informacyjne Laséw Panstwowych.
Dyrekcja Generalna Laséw Panstwowych. Warszawa, 1-108.
ISBN 978-83-89744-25-8.

Sobczak R. 1999. Szkotkarstwo lesne, ozdobne i zadrzewienio-
we. Wydawnictwo Swiat. Warszawa, 1-243. ISBN 83-85597-
44-1.

Tal O. 2006. Comparative Flowering Ecology of Fraxinus excelsior,
Acer platanoides, Acer pseudoplatanus and Tilia cordata in the
Canopy of Leipzig’s Floodplain Forest. Ph.D. Thesis, Univer-
sity of Leipzig, Leipzig, Germany, 1-250. https://ul.qucosa.de/
[13.01.2021].

Zajaczkowski K. 2001. Dobor drzew i krzewow do zadrzewien na
obszarach wiejskich. Instytut Badawczy Le$nictwa, Warszawa,
1-78. ISBN 83-87647-25-X.

Zajaczkowski J., Brzeziecki B., Perzanowski K., Kozak 1. 2013.
Wplyw potencjalnych zmian klimatycznych na zdolno$é
konkurencyjna gléwnych gatunkéw drzew w Polsce. Sylwan
157(4): 253-261. DOI 10.26202/sylwan.2012134.

Contribution of the authors

M.F. — concept, literature review, corrections; M.K. — lite-
rature review, analysis of collected material from the forest
districts and registers, writing the first version of the ma-
nuscript; W.B.C — literature review, corrections.


https://doi.org/10.5586/am.2006.032
https://doi.org/10.1016/j.foreco.2009.06.020
https://doi.org/10.1016/j.foreco.2009.06.020
https://doi.org/10.2478/v10111-011-0013-x
https://doi.org/10.1098/rstb.1975.0006
http://www.valbro.uni-freiburg.de/
https://ul.qucosa.de/

	_gjdgxs
	_GoBack
	_GoBack
	_Hlk52443988



