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Abstract:  Traditionally, a limited number of species and genera dominate the tree stock in streets and urban
sites, and recent surveys in European and North American cities show that few species/genera
continue to dominate. Yet, over the past decades, a growing proportion of those commonly used
species have shown increasing difficulties to cope with urban sites. This has led to considerable and
persistent arguments for using a more varied range of trees, including stress-tolerant species, at urban
paved sites. This study examined forest systems occurring between 1300-2200 m asl. in the Qinling
Mountains, China, in order to evaluate the oriental white oaks (Quercus aliena var. acuteserrata
Maximowicz ex Wenzig) growth and development in warm and dry forest habitats and hence
evaluate its potential for urban paved sites in northern parts of central Europe and in adjoining milder
parts of northern Europe. In total, 102 oriental white oak where found in the studied plots and here
showed very promising development in habitats experiencing drier conditions than those in park
environments in Copenhagen, and is therefore interesting for urban paved sites were the demands of
a greater catalogue of tolerant trees are highly needed.
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Introduction

Traditionally, a limited number of species and genera dominate the tree stock in
streets and urban sites, and recent surveys in European and North American cities show that
few species/genera continue to dominate [RAUPP & al. 2006; SJOMAN & al. 2012a;
COWETT & BASSUK, 2014]. Yet, over the past decades, a growing proportion of those
commonly used species have shown increasing difficulties to cope with urban sites.
Impermeable surfacing affecting both storm water run off and the urban heat island effect
have resulted in tree decline and the increase of disease in the urban tree habitat. This
negative trend, combined with the challenges of climate change and the threat of further
future disease and infestations of vermin [e.g. TELLO & al. 2005; RAUPP & al. 2006;
TUBBY & WEBBER, 2010] have led to considerable and persistent argumentation for the
necessity of a more varied use and stress tolerant selection of tree species for urban sites
[PAULEIT, 2003; SIOMAN & al. 2012a].

A number of selection programmes with focus on trees for urban sites are in
progress in several countries [SAEBZ & al. 2005]. However, the majority of these
concentrate on the genetic aspect of species in current use, with the aim to select suitable
varieties and genotypes [SANTAMOUR, 1990; MILLER & MILLER, 1991; SAEB@ & al.
2005]. In the case of northern Europe the majority of species used in cities originate from
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the native dendroflora, representing cool and moist site conditions were limitations of
drought and pest tolerance continue to frame the main complications, albeit the intentions
from these selection programmes [SAEB@ & al. 2005]. To supplement these selection
programmes, additional tree species still awaits discovery and testing [DUHME &
PAULEIT, 2000].

In order to achieve knowledge of a greater diversity of species adapted to urban
sites, new innovating methods have to be developed. As water stress is widely argued to be
the main constraint for tree growth and health in the urban environment [e.g. CRAUL,
1999; SIEGHARDT & al. 2005], research on drought tolerance of trees has classically
focused on physiological reactions in the water balance/water use like transpiration rates,
sap flow measurement and the hydraulic architecture of the tree [e.g. KOZLOWSKI & al.
1991; SPERRY & al. 1998; BREDA & al. 2006; DAVID & al. 2007; WEST & al. 2007].
These investigations give valuable information at the tree level but they are limited in their
practical “every day use” for urban tree planners, arborists etc. [ROLOFF & al. 2009].
Instead, dendroecological studies can contribute to evaluate different tree species reaction
and tolerance of e.g. drought. According to ROLOFF & al. (2009) this kind of
dendroecological descriptions are seldom or not at all available for most species, which
clearly points out the importance of this type of research in the selection process for “new”
tree species for urban sites.

In natural habitats, trees have been stress-tested and selected over evolutionary
periods of time. Some species have developed an extensive plasticity and tolerance of a
range of environmental conditions while others have specialised in certain habitat types
[RABINOWITZ, 1981; GUREVITCH & al. 2002]. For instance, steep mountain slopes
with thin soil layers represent distinct habitat types, where the environmental parameters
that define the particular habitat and separate it from other habitats have shaped the
evolution of plants and acted as a filter that screens out many potential colonizing species
not suited to the particular habitats. Investigating habitats experiencing similar conditions
as urban environments in nature and studying the ecological background of these species
would be of special interest for future selection of trees for use in urban fabric [FLINT,
1985; WARE, 1994; SAB®@ & al. 2005; ROLOFF & al. 2009]. Starting this process now is
urgent, as tree selection is a long-term process.

From the perspective of the northern parts of Central Europe and in the adjacent,
mild parts of Northern Europe (in the following abbreviated to the “CNE-region”) it is
unlikely that the species poor native dendroflora can contribute to a larger variation of tree
species with extended tolerance of the environmental stresses characterizing urban sites of
the region [DUHME & PAULEIT, 2000]. In comparison, other regions with a comparable
climate yet having a rich dendroflora may hold the potential to contribute new tree species
and genera well adapted to the growing conditions in urban sites in the CNE-region
[TAKHTAJAN, 1986; BRECKLE, 2002].

During the last decade extensive fieldwork have been carried out in the Qinling
mountain range, China, in order to obtain an overall understanding of the species
composition, structure and dynamics of the forest systems in the elevational zone where the
climate is similar to the inner city environment across the CNE region [e.g. SIOMAN & al.
2010]. This paper presents a study where the oriental white oak, Quercus aliena var.
acuteserrata Maximowicz ex Wenzig, use-potential for urban sites in the CNE-region have
been evaluated based on habitat studies in the Qinling Mountains. This study is initiated by
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the Swedish University of Agricultural Sciences to examine selection of site-adapted
species for urban sites. The research hypothesis in this selection programme is that
identification of “new” tree species for urban use can be gained through studies of natural
habitats with similar site conditions as urban paved environment — where the field study in
Qinling is one of the case studies on order to test this hypothesis. With the long-term aim to
contribute to the selection of “new” tree species and genera well adapted to the growing
conditions in urban sites in the CNE region the field work in China specifically focused on:

— identification of habitats in the Qinling Mountains where the oriental white oak are
exposed to seasonally dry and harsh conditions;

— characterisation of the oriental white oaks performance in these habitats;

— presentation and discussion of the use-potential of the oriental white oak for urban sites
in northern Europe.

In order to evaluate the use potential of the oriental white oak for the CNE-region
origin from the Qinling Mountains, China, the field data is compared to urban
environments of Copenhagen. In the comparison, the Copenhagen case is divided into
paved respectively park environment in order to evaluate the broadness of the use potential.

Method and materials

Case study area

China is considered the most species rich region of the world [KORNER &
SPEHN, 2002; TANG & al. 2006]. The Qinling Mountain range in the central, temperate
part of the country forms a botanic border between the southern and northern regions of
China, and consequently, it hosts a species rich flora [YING & BOUFFORD, 1998].
Shaanxi province, where the Qinling mountain range is situated, harbours 1224 wooded
species [KANG, 2009], which can be compared to a total of only 166 wooded plants in the
Scandinavian countries [MOSSBERG & STENBERG, 2003]. The relatively northern
location of the mountain range combined with its altitudinal levels, makes it possible to
find steep, south facing rocky and craggy slopes. Here, plants are exposed to cold winters
and warm summer months with periods of intense drought [TAKHTAJAN, 1986;
BRECKLE, 2002] much comparable to the climate expected in urban paved sites of the
CNE-region.

The oriental white oak grows in the Qinling Mountains in the altitude 1300-2200m
asl, belonging to the deciduous broadleaved oak forest zone [LIU & ZHANG, 2003]. The
oriental white oak is the main canopy species throughout the zone. In the lower part (<
1200 m asl) the oriental white oak is co-dominating with Quercus variabilis, and in higher
parts of the zone together with Quercus wutaishanica. These oak species dominate
particularly on slopes, independently of direction, whereas the moist river valleys are
characterised by mixed broadleaved forests with a large number of other canopy species
[SJOMAN & al. 2010].

Site description
The research was conducted in the northern part of the Qinling Mountain range
within three different areas — Taibai Forest Reserve (34° 05°10” N 107° 44°46” E), Red
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Valley Forest Reserve (34°05°08” N 107° 44°52” E), and Siboshan (33°42°08, 30” N 106°
4716, 69” E).

Based on climate data for the Qinling Mountains, the altitude-zone from 1000-
2000 m above sea level (asl.) was identified as the altitude where mean annual temperature
and precipitation match the climate of urban sites in the CNE region. The mean annual
temperature in the altitude 1000-1500 is 9-12 °C with a yearly precipitation on 650-1000
mm while the mean annual temperature in the altitude 1500-2000 is 8-9 °C with a yearly
precipitation on 800-1000 mm (Tab. 1) [LIU & ZHANG, 2003; TANG & FANG, 2006].
The present situation of urban paved sites in Copenhagen represent a mean annual
temperature of 8-12 °C when urban heat island effect is included (+1-3 °C) (DMI 2015; US
EPA 2015) additionally with a yearly precipitation of 525mm (DMI 2015).

Tab. 1. Mean monthly temperature (°C) and precipitation (mm) at the study site.

Month Precipitation Precipitation The mean Precipitation The mean
distribution distribution at monthly distribution at monthly
(%) 1000-1500m temperature at 1500-2000m asl temperature at
asl (mm) 1000-1500m asl (mm) 1500-2000m asl
(©) ©)
January 3% 25 2 27 0
February 6 % 49,5 3 54 1,9
March 10 % 82,5 8 90 39
April 12% 99 11,5 108 7.9
May 22% 181,5 13 198 8,9
June 17% 140,5 21,5 153 14,5
July 15 % 124 22,5 135 155
August 8 % 66 19,5 72 13,9
September 3% 25 14,5 27 11,9
October 1% 8 11 9 7,9
November 1% 8 55 9 2,9
December 2% 16,5 -2 18 -41
Total 825,5 Total 900 mm
mm

Location of plots

The field investigation was conducted during March-October with the assistance
of botanical experts from the Northwest Agriculture and Forestry University, Yangling
during the first two months. The task was to obtain an overall understanding of the species
composition, structure and dynamics of the forest systems in relation to altitude and
variation within the site conditions [SJOMAN & al. 2010]. Special attention was given to
identify exact locations of steep, south facing slopes with shallow soils and rock outcrop in
order to establish the range of tree species that would grow in these locations.
Subsequently, 20 study plots were strategically placed on recognized S facing slopes where
extent of mature tree population on exceedingly rocky and/or steep gradients was the main
criterion (Fig. 1). Homogeneous site conditions including oriental white oak trees
determined the exact location and size of each plot. Plot sizes were of 10x10 m or 20x20 m
and were located between 1150 and 1720 m asl. (Tab. 2). Due to human interference to
vegetation and species composition plots below 1150 m asl, were not selected for the
survey.
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Fig. 1. The study plots were located at steep south facing slopes with shallow soils and rock outcrop

Measurement of plot data

For each plot, slope direction and steepness were measured and rock outcrop and
cover of the herbaceous field layer were estimated. The exposure of bedrocks was based on
FAQO’ (2006). Field layer cover was estimated with intervals of 10%.

With the aim to parallel natural habitats and urban conditions in the CNE-region,
soil texture, humus content and pH value was of special interest and focus. Soil samples
were collected in three different depths (0-20, 20-30, 30-50 cm) from 10 pits randomly
distributed in each plot [KLUTE, 1986; FAO, 2006]. For each depth, the samples were
mixed before analyses [FAO, 2006]. Soil texture was analysed using the soil grain analyzer
method [EHRLICH & WEINBERG, 1970] (Tab. 2), and organic matter was analysed with
the K,Cr,04 method (Tab. 2), and pH using the potentiometric determination method
(soil/water = 1:2.5) [TAN, 2005] (Tab. 2).

All trees were measured for diameter at breast height (DBH), total height and age
in order to determine growth and development. To establish age, all trees were subjected to
drilling as close to the ground as possible [GRISSINO-MAYER, 2003]. Tree positions
were surveyed to distinguish canopy from understorey.
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Tab. 2. Compilation of plot data. Rock outcrops in the plots were classified as N (None 0%), V (Very Few 0%—2%), F (Few 2%-5%), C (Common 5%-—

15%), M (Many 15%-40%), or A (Abundant 40%—-80%).

Slope Number of pH Fieldlaye Organic | Clay Silt
Plot | Altitude steepness - soil sample to Rock r cover Plot size | matter content | content
nr. (masl) Slope direction | degree 30-50cm outcrops | (%) (m) (9/kg) (%) (%)
1. 1720 | South 53 10 6.5 v 40 10x10 9.6 17 40.6
2. 1620 | South/Southeast 58 5 6.5 Vv 30 10x10 16.1 2.7 56.4
3, 1640 | South 36 10 79 N 10 10x10 219 16 45.9
a, 1630 | South 47 10 '8 F 10 10x10 416 2.3 474
5. 1635 | South 45 10 8.0 F 30 10x10 182 2.4 473
6. 1610 | Southwest 45 10 5 F 10 10x10 211 2.1 444
7. 1650 | South/Southwest 40 10 6.9 N 40 10x10 55.1 2.1 54.9
8. 1660 | Southeast 45 6.1 C 30 10x10 121 1.7 44.3
9. 1620 | Southeast 57 81 A 20 10x10 49.5 2.3 457
10. 1610 | South 45 6.8 F 50 20,20 264 22 428
11. 1490 | South 64 7 6.7 F 20 10x10 174 3.0 63.0
12. 1400 | Southwest 43 10 64 F 10 10x10 188 2.0 48.2
13, 1590 | South 40 10 72 Vv 20 10x10 413 2.7 59.4
14, 1560 | South/Southeast 43 10 6 N 20 10x10 230 2.5 52.7
15. 1400 | South/Southwest 38 5 70 c 30 10x10 44.5 18 44.3
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16. 1350 | South/Southwest 44 6 6.5 c 40 10x10 22.6 3.0 60.2
17. 1390 | Southeast 43 7 58 F 30 10x10 16.8 3.0 58.6
18, 1360 | South 45 5 6.5 A 10 10x10 44.8 1.9 475
19, 1260 | South 45 2 6.4 Cc 30 10x10 51.1 16 45.7
20. 1370 | South 44 6 6.9 v 40 10x10 31.0 2.5 53.8
Mean 71 240 295 2.3 502
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Calculation of potential water stress

The potential water stress in the study plots was calculated and compared with
data for the inner-city environment of Copenhagen, Denmark (Tab. 3). For the calculation
of potential evapotranspiration, the regression by THORNTHWAITE (1948) was used,
where monthly potential evapotranspiration was based on the values of temperature,
number of sunshine hours per day and cloudiness. Sunshine hours per day were estimated
on a monthly basis by combining information about day length [MEEUS, 1991] and days
with rainfall as indicator for cloudiness [LIU & ZHANG, 2003]. Cloudiness is 10% of the
total day length except the rainiest month (May, June and July) where cloudiness is 50%
[LIU & ZHANG, 2003]. Since data of water runoff was not available for the study plots, a
similar area of topography and vegetation characteristics in the region of Yangping was
applied as a criterion [LIN & al. 2007]. The annual precipitation rate in Yangping exceeds
Qinling with 215mm, yet data was considered suitable as the distribution and intensity of
rain closely correlated with the studied terrain.

Estimates of water runoff data for park respectively paved environments in
Copenhagen was based on P90 (2004), concluding a 10% runoff from park environment
and an expected 70% water runoff for paved sites.

Tab. 3. The accumulated water netto difference (mm) in the study sites additionally with
park respectively paved environments in Copenhagen

Qinling

Mountains  jan feb mars april maj juni juli aug sep okt nov dec
1000-1500m

asl 25 |114) 123 | -0.7 26.3 -1.5 -39.3 | -114.4 | -168.4 | -206.8 | -221.2 |-215.0
1500-2000m

asl 27|86 | 176 | 116 | 49.7 | 481 | 36.7 | -16.0 | -69.3 | -106.5| -121.0 |-114.2
Copenhagen

Park

environment | 25.949.9 | 63.1 | 66.1 | 41.1 34.3 13.0 | -40.6 | -63.0 | -79.1 -63.2 -42.1
Paved

environment | 6.7 | 121 | 6.7 | -22.1 | -84.9 | -152.3 | -223.4 | -310.6 | -361.8 | -392.9 | -398.0 |-395.5

Calculation of growth data

In order to evaluate any difference between oak trees growing in lower terrain
(<1500m asl.) in a warmer and drier climate compare with oak trees in higher altitudes
(>1500m asl.) a growth pattern where calculated by a regression in Minitab (Minitab 16
Statistical Software).
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Results

Site conditions

In all plots the soil depth was at least 50 cm, indicating tree root penetration into
deeper grounds (Tab. 2). However, shallow bedrock and rock outcrops partly limit the soil
depth for some of the plots (Tab. 2). The texture composition is comparable between all
plots, with high to very high levels of silt (mean 50.2%) and low contents of clay (mean
2.3%) (Tab. 2). Also the organic matter content is low across the plots (mean 29.5 g/kg)
(Tab. 2).

Cumulative water net difference

Due to higher precipitation and lower temperatures in higher altitudes (1500-2000
m asl) the water stress status is apparently smaller and occur later in the season compare to
the sites in lower terrains (1000-1500 m asl) (Tab. 3). As Fig. 1 illustrates, current
conditions in Qinling Mountains at 1000-1500 m asl, experience partial water stress in
April and June and more severe water stress towards July and the remaining part of the
growing season. In the altitude 1500-2000 m asl, a partial water stress occur first in August
and thereafter in a less dramatically trend compare to the situation in lower terrains (Fig. 2).

In a compilation with Copenhagen, the study sites, regardless the altitude,
experience warmer and drier site conditions compare to park environments in Copenhagen
while they experience less water stress compare the situation in paved sites (Fig. 2).

100
0 -4 — — —
-100 H
-200 -
-300 ——r
-400 =
-500
Jan | Feb [Mars|April | May |June | July | Aug [Sept | Oct | Nov | Dec
@ 1000-1500m asl 25 (11,4(123|-0,7 (26,3 |-1,5 |-39,3|-114 |-168 |-207 |-221 |-215
B 1500-2000m asl 2,7 (86 [17,6(11,6|49,7|48,1(36,7| -16 |-69,3|-107 |-121 |-114
0O Copenhagen (park environment) | 25,9 |49,9|63,1|66,1|41,1|34,3| 13 (-40,6| -63 |-79,1|-63,2|-42,1
0O Copenhagen (paved 6,7 (12,1 6,7 |-22,1|-84,9|-152 |-223|-311 |-362 |-393 |-398 |-396
environment)

Fig. 2. The accumulated water netto difference (mm) in the two studied altitudes compare to park
respectively paved sites in Copenhagen.

Species compaosition and performance
In total, 102 oriental white oak where found in the studied plots, 11 below 1500 m
asl, and 91 above 1500 m asl.
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Among the oak trees the majority have their vertical position in the canopy layer
in the vegetation structure, regardless the altitude zone. Among the oak trees found in the
plots below 1500 m asl., only one out of 11 where found in the understorey layer while 56
out of 91 oak trees in the plots above 1500 m asl where found in the canopy layer which
indicating a high tolerance for warmer and thereby drier conditions existing in the canopy
layer compared to underneath the tree crowns (Fig. 3).

Vertical distribution

Cl

ul

0 10 20 30 ) 50 60
ul cl

[ 1500-2000m asl. 35 56

|=2000-1500m asl. 1 10

Fig. 3. The vertical distribution of the oriental white oak found in the studied plots separated between
understoery layer (Ul) and canopy layer (CI).

In a attempt to evaluate the growth pattern of the oriental white pine in the two
studied altitude zones, growth tables have been completed, where height and diameter
growth is match with the age (Fig. 4 and 5). Concerning height growth the oak trees in
lower altitudes (<1500 m asl.) have a yearly mean growth rate of 0.28 m compared to 0.23
m tress in plots >1500 m asl. (Tab. 4). The calculations presented in Tab. 4 and 5 are based
on rather few individuals (102 trees), especially in lower elevation (11 trees), but can still
be used as an indicator of their growth rate in this climate and site conditions. Concerning
the diameter growth the oak trees in lower altitudes have a slightly larger average growth
compare to trees in higher terrains (Tab. 4). This above mentioned pattern is also illustrated
in Fig. 4 and 5 where the trees in lower altitudes have a slighter stronger growth. However,
concerning diameter growth illustrated in Fig. 5 show that the studied oak trees in higher
altitudes show a stronger growth after 50 year.

Tab. 4. Yearly mean increment in height (m) and DBH (cm) of oriental white oak in the
study sites divided between altitudes.

Plot area Yearly Height | Yearly Diameter | Number of | Size of an 15 Size of an 50
Growth (m) Growth (cm) trees year old tree year old tree

1000-1500 m asl 0.28 0.38 11 4.2/5.7 14/19

1500-2000 m asl 0.23 0.34 92 3.5/5.1 11.5/17
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Scatterplot of Height_1 vs Age_1
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Fig. 4. Height increment (cm) of oriental white oak in two altitudes (1000-1500 m.a.s.l. and 1500-

2000 m.a.s.l.) as a function of tree age (years).
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Fig. 5. DBH increment (cm) of oriental white oak in two altitudes (1000-1500 m.a.s.l. and 1500-2000

m.a.s.l.) as a function of tree age (years).
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Discussion

As has been suggested by a number of authors, investigating the ecological
background and performance of species growing in habitats that naturally experience
drought during the growing season and winter temperatures similar to those of inner-city
environments provides a sound and reliable selection method [FLINT, 1985; WARE, 1994;
DUCATILLION & DUBOIS, 1997; BROADMEADOW & al. 2005; SAB@ & al. 2005;
ROLOFF & al. 2009; SIOMAN & al. 2012b]. This study examined forest systems
occurring between 1300-2200 m asl. in the Qinling Mountains, in order to evaluate the
oriental white oaks (Quercus aliena var. acuteserrata) growth and development in warm
and dry forest habitats and hence evaluate its potential for urban paved sites in the CNE-
region. When comparing the study sites with urban paved environments in Copenhagen,
Denmark, the trees in lower altitudes (<1500 m asl.) had a closer match with urban paved
sites but had a later negative water netto difference and also a less extreme development
during the season compare to paved environments in Copenhagen (Fig. 2). The trees in
higher altitudes (>1500 m asl.) had an even less match with paved environments due to a
cooler climate and hence a less dramatic evapotranspiration over the season. The
conclusion from this is that in order to succeed growing oriental white oak in inner-city
environments it is necessary to create larger planting pits or/and complement the
plantations with storm water management which makes it possible to increase the soil water
content compare to traditionally planting pits in paved environments [SIEGHARDT & al.
2005]. Furthermore, even the high levels of silt in the study plots indicate a rather good
water holding capacity [BRADY & WEIL, 2002]. However, the high level of silt and the
lack of vegetative field layer cover in many plots the surface can have a tendency to form a
hard crust, which can cause extensive water runoff [BRADY & WEIL, 2002]. This water
runoff in the plots can be of significant importance and to a rather large proportion due to
rather steep slopes within the study sites which can in fact create much drier conditions in
the studied sites that the data in his paper present [SJIOMAN & al. 2010]. Therefore it is
possible to rank the oriental oak as a promising species for paved environment, especially
the genotypes from lower altitudes since they have over evolution adapt to a warmer and
dryer climate compare to trees in higher altitudes. Yet, further evaluation has to be done,
including evaluation of the traits behind the genotypes tolerance towards drought and the
capacity of these traits. For example, it is necessary to evaluate differences between
avoiding respectively tolerating traits and how well these are and its combination such as
turgor loss point and other leaf traits [e.g. SCHULZE & al. 2005; LAMBERTS & al. 2008].
Through this following evaluation more detailed information concerning their tolerance can
be gained.

The majority of the oaks studied had their vertical position in the canopy layer in
the vegetation structure, regardless the altitude zones studied, indicating that the species is
rather shade intolerant, which is also presented in other literature [MENITSKY, 2005].
Noticeably, is that there were only one out of 11 trees that were found in the understory in
the plots below 1500 m asl., while 35 out of 91 oak trees in higher altitudes (>1500 m asl.)
were found in the understory. From a plant physiological perspective, shade and drought is
a very hard combination of stresses for plants in order to capture resources for survival

118



HENRIK SJOMAN

and/or competitions [GRIME, 2001], which might make the number of trees in the
understory few in lower altitudes compare with the number of trees in cooler and moister
habitats in higher altitudes. Nevertheless, it is important to keep in mind that the number of
oak trees found in lower altitudes is rather few which makes above conclusion weak and
need further studies. From an urban forest perspective this might however be a useful
reflection since the built up structure in urban environments be able to create dry and
shaded sites where the oriental white oak might is a less appropriate plant material.
Furthermore, when the age distribution between analyse oak trees (Fig. 4 & 5) it is
obviously that the main age distribution is between 20-70 years, indicating a very limited
occurrence of young individuals in the plots. The lack of young trees indicates a pioneer
strategy, with high demands for sunlight and has therefore difficulties in establishing under
an existing tree canopy, which is a trait among many broadleaved oak species [JOHNSON
& al. 2009].

This first stage in the selection process with dendroecological habitat studies can
screen out species showing slow and/or underdeveloped growth in habitats similar to urban
inner-city environments. This allows the focus to be directed towards the species in these
natural sites that develop rapidly into large trees. This first stage consequently identifies
genotypes of the species that ought to be included in the following steps at an early phase
of the procedure [SJIOMAN & al. 2012b]. In the Qinling Mountains of China the oriental
white oak shows very promising development in habitats experiencing drier conditions than
those in park environments in Copenhagen, and is therefore interesting for urban paved
sites were the demands of a greater catalogue of tolerant trees are highly needed.

This study focused on trees that in their natural sites are exposed to warm and dry
growth conditions, since water stress is argued to be the main constraint for tree growth and
health in urban environments [e.g., CRAUL, 1999; HOFF, 2001; SIEGHARDT & al. 2005;
NIELSEN & al. 2007; ROLOFF & al. 2009]. It is important to bear in mind that this
process with dendroecological habitat studies in order to identify potential urban trees is
just the first step in the selection process. Further research is necessary in order to evaluate
the species tolerance towards warm and periodically dry growth conditions in another
geographical area and towards other stressors, such as de-icing substrates or air pollution.
Nevertheless, this approach constitutes a faster and more effective route, since subsequent
selection work can focus on species with high potential for the purpose instead of testing
species randomly. Dendroecological studies, as presented in this paper, contribute to an
ecological understanding that provides for a much wider knowledge base in the selection
process, thus helping to evaluate the reaction, tolerance, and performance of different tree
species to different stressors. Furthermore, dendroecological studies provide valuable
guidance regarding the use potential of species, which can be of importance in their
subsequent evaluation in full-scale plantations in urban environments.

119



THE USE-POTENTIAL OF QUERCUS ALIENA VAR. ACUTESERRATA FOR URBAN ...
References

BRADY N. C. & WEIL R. R. 2002. The nature and properties of soils. Upper Saddle River. NJ: Prentice Hall,
960 pp.

BRECKLE S. W. 2002. Walter’s vegetation of the world. 4th Edition. Springer, 527 pp.

BREDA N., HUC R., GRANIER A. & DREYER E. 2006. Temperate forest trees and stands under severe drought:
a review of ecophysiological responses, adaptation processes and long-term consequences. Annals of
Forest Science. 63: 625-644.

BROADMEADOW M. S. J., RAY R. & SAMUEL C. J. A. 2005. Climate change and the future for broadleaved
tree species in britain. Forestry. 78(2): 145-161.

COWETT F. D. & BASSUK N. L. 2014. Statewide assessment of street trees in New York State, USA. Urban
Forestry and Urban Greening, 13: 213-220.

CRAUL P. J. 1999. Urban Soil — Applications and Practices. Canada: John Wiley & sons, 366 pp.

DAVID T. S., HENRIQUES M. O., KURZ-BESSON C., NUNES J., VALANTE F., VAZ M., PEREIRA J. S,
SIEGWOLF R., CHAVES M. M., GAZARINI L. C. & DAVID J. S. 2007. Water-use strategies in two
co-occurring Mediterranean evergreen oaks: surviving the summer drought. Tree Physiology, 27: 793-
803.

DMI. 2015. Danish Meteorological Institute. (www.dmi.dk).

DUCATILLION C. & DUBOIS E. 1997. Diversification des plantes ornimentales méditerranéennes: estimation
des besoins qualitatifs des villes en arbres et arbustes (Diversification of ornamental Mediterranean
plants: assessment of the qualitative needs of cities concerning trees and shrubs), In: INRA (Ed.). La
plante dans la ville. Angers. 139-149 pp. (In French).

DUHME F. & S. PAULEIT. 2000. The dendrofloristic richness of SE Europe, a phenomenal treasure for urban
plantings. Mitteilungen aus der Biologischen Bundesanstalt fir Land- und Forstwirtschaft Berlin-
Dahlem, 370: 23-39.

FAO. 2006. Guidelines for soil description. Food and agriculture organization of the united nation, Rome 2006,
98 pp.

FLINT H. L. 1985. Plants showing tolerance of urban stress. Journal of Environmental Horticulture. 3(2): 85-89.

GRIME J. P. 2001. Plant strategies, Vegetation processes and Ecosystem properties, 2nd Edition. John Wiley &
Sons Ltd.

GRISSINO-MAYER H. D. 2003. A manual and tutorial for the proper use of an increment borer. Tree-Ring
Research. 59(2): 63-79.

GUREVITCH J., SCHEINER S. M. & FOX G. A. 2002. The Ecology of Plants. Sunderland, Massachusetts
U.S.A.: Sinauer Associates, Inc. Publisher, 523 pp.

HOFF H. 2001. Climate change and water availability. In: Lozan J. L., Grassel H., Hupfer P. (Eds.). Climate of the
21st century: Changes and risks. pp. 315-321. Hamburg, Germany: Wissenschaftliche Auswertungen.

JOHNSON P. S., SHIFLEY S. R. & ROGERS R. 2009. The ecology and silviculture of oaks. 2nd Edition. CAB
International.

KANG Y. 2009. Personal communication. May 25, 2009. Northwest A&F University in Yangling, China.

KLUTE A. 1986. Methods of soil analysis: Physical and Mineralogical methods. American Society of Agronomy,
Agronomy Monographs 9(1), Madison, Wisconsin, 1188 pp.

KOZLOWSKI T. T., KRAMER P. J. & PALLARDY S. G. 1991. The physiological ecology of woody plants.
Academic Press Inc., 454 pp.

KORNER C. & SPEHN E. M. 2002. Mountain biodiversity: a global assessment. New York, NY: The Parthenon
Publishing Group, 657 pp.

LAMBERTS H., STUART CHAPLIN Ill F. & PONS T. L. 2008. Plant physiological ecology. 2" edition,
Springer.

LIN K., GUO S., ZHANG W. & LIU P. 2007. A new baseflow separation method based on analytical solutions of
the Horton infiltration capacity curve. Hydrol. Process, 21: 1719-1736.

LIU S. F. & ZHANG. J. 2003. Biodiversity research and conservation in Fu Ping nature reserve. Shaanxi
Technology Publishing House, 662 pp. (In Chinese).

MENITSKY Y. L. 2005. Oaks of Asia. Plymouth: Science Publisher.

MEEUS J. 1991. Astronomical Algorithms. Richmond: Willmann-Bell, 477 pp.

MILLER R. H. & MILLER R. W. 1991. Planting survival of selected street tree taxa. Journal of Arboriculture.
17(7): 185-191.

MOSSBERG B. & STENBERG L. 2003. The New Nordic Flora. Wahlstrom and Widstrand, 928 pp. (In
Swedish).

120


http://www.dmi.dk/

HENRIK SJOMAN

NIELSEN C. N., BUHLER O. & KRISTOFFERSEN P. 2007. Soil water dynamics and growth of street and park
trees. Arboriculture & Urban Forestry. 33(4): 231-245.

PAULEIT S. 2003. Urban street tree plantings: Identifying the key requirements. Proceedings of the Institute of
Civil Engineers-Municipal Engineers. 156(1): 43-50.

RABINOWITZ D. 1981. Seven forms of rarity. In: H. Synge (Ed.). The Biological Aspects of Rare Plant
Conservation. Chicester, UK: John Wiley, 205-217 pp.

RAUPP M. J.,, CUMMING M. J. & RAUPP E. C. 2006. Street tree diversity in eastern North America and its
potential for tree loss to exotic borers. Arboriculture & Urban Forestry. 32(6): 297-304.

ROLOFF A., KORN S. & GILLNER S. 2009. The climate-species-matrix to select tree species for urban habitats
considering climate change. Urban Forestry and Urban Greening, 8: 295-308.

SAEBQZ A., ZELIMIR B., DUCATILLION C., HATZISTATHIS A., LAGERSTROM T., SUPUKA J., GARCIS-
VALDECANTOS J. L., REGO F. & SLYCKEN J. 2005. The selection of plant materials for street
trees, park trees and urban woodlands. In: Konijnendijk C. C., Nilsson K., Randrup T. B. & Schipperijn
J. (Eds.). Urban Forests and Trees. Springer. 257-280 pp.

SANTAMOUR F. S. Jr. 1990. Trees for urban planting: Diversity, uniformity and common sense. Proceedings of
the 7™ Conference of the Metropolitan Tree Improvement Alliance, 7: 57-65.

SCHULZE E. D., BECK E., MULLER-HOHENSTEIN K. 2005. Plant Ecology. Springer.

SIEGHARDT M., MURSCH-RADLGRUBER E., PAOLETTI E., COUENBERG E., DIMITRAKOPOULUS A,
REGO F., HATZISTATTHIS A. & RANDRUP T. 2005. The abiotic urban environment: Impact of
urban growing conditions on urban vegetation. In: Konijnendijk C. C., Nilsson K., Randrup T. B. & J.
Schipperijn (Eds.). Urban Forests and Trees. Springer. 281-323 pp.

SIOMAN H., NIELSEN A. B., PAULEIT S. & OLSSON M. 2010. Habitat studies identifying potential trees for
urban paved environments: A case study from Qinling Mt., China. Arboriculture & Urban Forestry.
36(6): 261-271.

SIOMAN H., OSTBERG J. & BUHLER 0. 2012a. Diversity and distribution of the urban tree population in ten
major Nordic cities. Urban Forestry and Urban Greening, 11: 31-39.

SJOMAN H., GUNNARSSON A., PAULEIT S., BOTHMER R. 2012b. Selection Approach of Urban Trees for
Inner-city Environments: Learning from Nature. Arboriculture & Urban Forestry. 38(5): 194-204.

SPERRY J. S., ADLER F. R., CAMPBELL G. S. & COMSTOCK J. P. 1998. Limitation of plant water use by
rhizosphere and xylem conductance: results from a model. Plant, Cell and Environment, 21: 347-359.

TAKHTAJAN A. 1986. Floristic of the world. Univ. of California Press, 522 pp.

TAN K. H. 2005. Soil sampling, preparation and analysis. 2nd edition. CRC Press, 623 pp.

TANG Z. & FANG J. 2006. Temperature variation along the northern and southern slopes of Mt. Taibai, China.
Agricultural and Forest Meteorology, 139: 200-207.

TANG Z., WANG Z., ZHENG C. & J. FANG. 2006. Biodiversity in China’s mountains. Frontiers in Ecology and
the Environment. 4(7): 347-352.

TELLO M-L., TOMALAK M., SIWECKI R., GAPER J., MOTTA E. & MATEO-SAGASTA E. 2005. Biotic
urban growing condition — threats, pests and diseases. In: Konijnendijk C. C., Nilsson K., Randrup T.
B. & Schipperijn J. (Eds.). Urban Forests and Trees. Springer. 325-365 pp.

THORNTHWAITE C. W. 1948. An approach toward rational classification on climate. Geographical Review.
38(1): 55-94.

Tubby, K .V. & Webber J. F. 2010. Pests and diseases threatening urban trees under a changing climate. Forestry.
83(4): 451-459.

EPA U. S. 2015. U.S. Environmental Protection Agency. (http://www.epa.gov/heatislands/).

WARE G. H. 1994. Ecological bases for selecting urban trees. Journal of Arboriculture. 20(2): 98-103.

WEST A. G., HULTINE K. R., JACKSON T. L. & EHLERINGER J. R. 2007. Differential summer water use by
Pinus edulis and Juniperus osteosperma reflects contrasting hydraulic characteristics. Tree Physiology,
27:1711-1720.

YING T-S. & BOUFFORD D. E. 1998. Phytogeography of the Qinling Mountains and a comparison with the flora
and vegetation of Japan. In: D.E. Boufford and H. Ohba (Eds.). Sino-Japanese flora it’s characteristics and
diversification. The University Museum, The University of Tokyo, Bulletin No. 37: 1-29.

How to cite this article:
SJOMAN H. 2015. The use-potential of Quercus aliena var. acuteserrata for urban plantations — based on habitat
studies in the Qinling Mountains, China. J. Plant Develop. 22: 107-121.

Received: 23 February 2015 / Accepted: 14 May 2015

121



