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Abstract

POLLAKOVA, N., SIMANSKY, V., JONCZAK, J., 2017. Characteristics of physical properties in soil profiles under
selected introduced trees in the Nature Reserve Arboretum Mlynany, Slovakia. Folia Oecologica, 44: 78-86.

The relationship between introduced trees roots and soils in which they grow is the most important fac-
tor influencing the adaptation, growth and health of these trees. Therefore, the objective of this study
was to identify which physical soil properties enhance or limit the vitality of the studied introduced trees
in the Arboretum Mlynany. Soil properties were studied in seven soil profiles under dense monocultures
of Chamaecyparis lawsoniana, Liriodendron tulipifera, Juniperus Chinensis, Thuja orientalis, Thuja
plicata, Picea orientalis and Pinus nigra. The results showed that all stagnic horizons had exceeded
the limit values of total porosity and bulk density, hence these horizons were compacted. Based on the
soil and climatic requirements of the examined trees we conclude that the soil properties of their sites
in arboretum are suitable for: Chamaecyparis lawsoniana, Liriodendron tulipifera, Thuja orientalis
and Pinus nigra. Nevertheless, physical properties in profiles under Picea orientalis and Juniperus
Chinensis do not permit rapid drainage of water, what is unfavourable for healthy development of these
two species; while Thuja plicata demanding high moisture supply is grown on soil with high coarse
porosity, a prerequisite of fast rainwater drainage. However, since none of the studied introduced trees
had suffered from physiological disorders or diseases, they may be declared acclimatized well in the

soil-climate conditions described in this study.
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Introduction

The Arboretum Mlynany (Slovakia) was established in
year 1892 by Count Ambroézy with the main goal to col-
lect introduced sempervirent tree species. The acclima-
tization of hundreds of non-native, introduced taxa has
been studied mostly for their use as ornamentals. The
recent inventory of the gene pool of trees and shrubs
showed that the current number of taxa grown in the
Arboretum is 1,933 (Hotka et al., 2013). Introduction
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of species involves adaptation, productivity and suc-
cess in new types of environmental conditions. Since
invasion is considered as the highest level of successful
introduction, species with invasive behaviour should be
excluded from intentional introduction (ELIAS, 2011).
In general, each plant species has specific require-
ments for soil-ecological environment. If plants are
to grow to their potential, they must be provided by a
satisfactory soil environment. On the other hand, inap-
propriate conditions may limit or even make it impossi-
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ble to grow a given plant species. Tree growth requires
adequate availability of water and oxygen from the
soil as well as a sufficient supply of nutrients, light and
heat (WALL and HEISKANEN, 2009). Many works define
mainly chemical and biological soil properties affect-
ing plants growth. The physical properties are consider-
ably undervalued, despite the fact that excessively wet
or dry, shallow or impermeable soils can severely limit
or even interrupt the growth of plants (HUXLEY et al.,
1992).

For favourable course of biological processes as
well as the life of soil organisms and plant roots, it is
important to provide a sufficient supply of water and
air into the soil. On the base of soil moisture monitor-
ing, which is carried out in Slovakia since 1970, it can
be stated that in the recent years there were significant
changes in the dynamics of soil moisture, available wa-
ter supplies and soil moisture stratification. In contrast
to mountain forests, poor moisture conditions are in the
lowest forest zones, in the areas where output of water
significantly exceeds atmospheric precipitation, and the
ability of soil to provide enough utilizable water usually
covers only the first half of growing season. Unfavoura-
ble moisture is one of the main causes deteriorating soil
environment with tendency of physiological weakening
and even necrosis of trees (TUZINSKY, 2007). Soil mois-
ture not only affects physical, chemical and biological
soil properties, but it is also essential for plant growth.
The amount of soil water used by plant varies depend-
ing on characteristics of soil e.g., texture and plant e.g.,
roots distribution, depth and transpiration coefficient
(HosseINIA et al., 2016).

Since favourable rooting space, abundance of nu-
trients, water and appropriate air exchange in the soil
are important conditions for right tree life, the aim of
the study was to find out which physical soil properties
promote or limit the vitality of the studied introduced
tree species in the Arboretum Mlynany.

Materials and methods
Study site

Arboretum Mlynany (48°19°N, and 18°21°E) is located
in southern Slovakia, in the valley of the Zitava River,
at an altitude of 165-217 m above the sea level, with a
mean annual temperature of 10.6 °C and a mean annual
total precipitation of 541 mm (HRuBIK et al., 2011).
Undulated terrain is southern spur of the Hronsky In-
ovec and Tribe¢ hills. The Arboretum site floristically
belongs to the Pannonian area, geo-botanically to the
Querceto-Carpinteum area. It is situated on a late Ter-
tiary geological formation, represented by clays, sands
and rubble sands (STENHUBEL, 1957). This substratum
is almost all covered by wind-deposited loess, mostly
without carbonates. Neogene gravels, patchily located
closer to the soil surface, cause significant deteriora-

tion of soil conditions, since they are highly permeable
and poor in nutrients (CIFRA, 1958). On majority of the
arboretum area Stagni-Haplic Luvisols have been de-
veloped (POLLAKOVA, 2013). For coherent impression
of vegetation, different tree species were planted in
monocultures. Nowadays, the Arboretum is composed
of: original Ambrozy’s park founded in year 1892, area
of East-Asian dendroflora in year 1964, area of North
American dendroflora in year 1975, area of Korean
dendroflora in year 1984 and exposition of Slovak den-
droflora founded in year 1992 (TABOR and PAVLACKA,
1992).

Soil sampling and analyses

Soil properties were studied in seven sites under dense
monocultures of introduced trees. The area of each cho-
sen tree species site was at least 200 m?. Since the Ar-
boretum Mlynany is a Nature Reserve, our opportunity
for digging soil pits was limited. Therefore, for each
examined tree species, we dug one soil pit roughly in
the middle of its monoculture.

Soil pits in the original Ambrézy park founded in
1892 in an oak-hornbeam forest:

e under 100-year-old western redcedars (Thuja pli-
cata, Donn ex D. Don)

e under 110-years-old oriental spruces (Picea orien-
talis, L.)

e under 110-years-old Austrian pines (Pinus nigra,
Arnold).

Soil pits in the East Asian area established in 1964 on
land that was until 1960 used as arable:

e under 50-years-old oriental thujas (Thuja orientalis,
L)

e under 50-years-old Chinese junipers (Juniperus
Chinensis, L.).

Soil pits in the North American area founded in 1975 on
land that was previously used as vineyard:

e under 40-years-old Lawson cypresses (Chamaecy-
paris lawsoniana, Murt.)

e under 40-years-old tulip trees (Liriodendron tulipi-
fera, L.).

In spring 2015, undisturbed soil samples (100 cm?)
were collected using steel cylinders per each of 10 cm
layer to the depth of 80 and 90 cm, in three repeats.
In the samples there were determined physical (parti-
cle density, bulk density, porosity, coarse and capillary
pores) and hydro-physical soil properties (soil aeration,
air-filled porosity, maximal capillary water capacity,
available water, available water capacity and wilting
point) according to the standard methods (HRIVNAKOVA
et al., 2011). Textural composition was determined for
all soil horizons of each profile, using the pipette meth-
od (HRIVNAKOVA et al., 2011).

All analyses of physical properties were done in
three repeats and this study shows the average values
(mean + SD).
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Results and discussion

Bulk density and porosity of soil profiles in relation
to studied tree species

In all the studied profiles, with increased depth there
almost equally increased values of reduced bulk density
(p,) and decreased total porosity (P,), mainly in luvic
(Iv) and stagnic (st) horizons enriched by clay (Table
1). Generally, soils containing high percentage of clay
are prone to compaction (MATI et al., 2011; SAFADOUST
et al., 2014). According to the limit values of p, and P
proposed by LHOTSKY et al. (1984) for different textural
groups, in the studied profiles of the Arboretum, all st
horizons and beside tulip trees and oriental spruces also
lv horizons, exceeded the limit values of total porosity
and bulk density, hence these horizons were compacted.
Following the limit values of LHOTSKY et al. (1984), the
p, higher than 1.40 t m~ and P, below 47% in clayey
loam (IH); p, > 1.45 t m™* and P, < 45% in loam (H);
p,>1.55tm? and P, <42% in sandy loam (PH); p, >
1.60 t m~ and P < 40% in loamy sand (HP) are criti-
cal because plant roots barely grow through the soil.
Moreover, DEXTER (2004) stated that soil compaction
has negative effect on plant root growth through re-
ducing the storage and supply of water and nutrients.
Consequently, it causes decreased growth (biomass)
responses of the whole plant and of the plant’s compo-
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et al., 2016). Adverse effect of soil compaction mainly
occurs through increasing soil bulk density and soil
strength, decreasing macro porosity, soil water infiltra-
tion and water-holding capacity, what may negatively
influence soil biological properties (FREY et al., 2009).
In profile under Austrian pines, exceeding critical p,
and P_ in fragic (fg) horizon was caused by high con-
tent of gravel (30%) and sand (65%). However, the vol-
ume of air-filled porosity (V, 21.6%), coarse pores (P
20.2%) was relatively high, even higher than the fine,
capillary pores (P, 15.6%). Comparing these values
with 20% volume of macropores and air-filled poros-
ity favourable for trees growth suggested by WALL and
HEISKANEN (2003), the fg horizon under Austrian pines
was not considered as compacted (Tables 1-2).

High volumes of coarse pores in the upper soil lay-
ers under Chinese junipers, western redcedars, oriental
spruces and Austrian pines highlight good drainage of
these soils (Table 1, Fig. 1). However, rapid drainage
of rainwater can negatively influence trees by lack of
water, mainly during long summer periods of drought,
which are according to TuZINSKY (2007) typical for this
region. In turn, higher clay content in v and st horizons
was accompanied by higher percentage (28-37%) of
fine, capillary pores retaining water. Thus, majority of
rainwater retain in soil profiles, and does not drain to
deeper layers.
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Fig. 1. Distribution of coarse, semi-capillary and capillary pores in studied soil profiles (in %).
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Table 1. Mean (+ standard deviation) soil physical properties in profiles and soil texture

Tree . Depth  Texture  Texture Ps pd Pr Px Pc Ps
. Horizon A , = o
species (m) (6] (Novak) (tm™) (%)
257 131 489 130 317 42
ak 0-30 ssh H (£0.04) (£0.15) (£5.3) (£52) (£1.6)  (+1.0)
. 2.60 1.51 421 6.5 326 3.0
Lawrson v 30-70 si H (£0.02)  (£0.04) (:15) (£1.8) (£1.0)  (20.7)
cypress e 70.80 " - 2.61 1.58 39.6 4.1 333 22
(£0.01)  (x0.02) (x1.2) (#1.1) (£0.9) (0.1)
2.54 112 559 151 356 52
um  0-20 ssh H (£0.04)  (0.03) (£12) (#27) (19)  (£0.2)
2.58 130 496 12.1 32.9 46
ab 2050 sp PH O 0000)  2009) #3.7)  (£1.9)  (#2.1)  (£0.9)
Tulip trees 259 144 443 107 294 42
v 50-70 sh PH O hoon)  008)  (#32) (#33)  (08)  (£02)
. 259 154 403 72 315 1.6
st 70-90 si H (+0.01)  (£0.03) (£1.0) (*07)  (+0.9)  (+0.6)
2.55 111 565 320 231 1.4
ak 0-20 sh H (0.09)  (£021) (£8.9) (*9.9) (+2.7)  (0.4)
. 2.61 1.41 459 133 310 1.6
Ci‘]llnzsr: v 2030 ts H o G000) @003 (@1.0) (49 (#50)  (*0.1)
juntp « 3080 p - 2.58 156 395 22 36.6 0.7
0.01)  (£0.03) (+1.0) (£1.1) (2.1)  (:0.2)
. 2.61 130 502 137 323 42
ak 0-20 si H (£0.02)  (+0.17) (£6.2) (+48)  (20.6)  (:0.9)
. . 261 143 452 7.4 321 5.7
Otrh‘e.mal akv 20-40 sl Ho 003 @0.12)  (#43)  (#24) (@18 (E21)
Has e 4080 s H 2.63 1.42 45.9 9.1 313 5.5
(+0.03)  (+0.03) (x1.3) *1.7) (x0.2) (x1.1)
2.54 115 545 253 257 3.6
um  0-10 sh H (£0.01)  (£0.08) (#3.2) (#39) (£1.8)  (£0.2)
2.52 124 508 138 310 6.0
Western ~ W™ab 1022 sh H (£0.00) (£0.05) (:1.9)  (+45)  (£4.0)  (x0.1)
redcedars 2.56 1.11 56.6 18.1 30.6 7.9
fg 2250 sh H (£0.02)  (0.09) (£3.8) (£2.5) (£2.7)  (£0.2)
. 2.55 1.51 40.6 47 342 1.7
st 50-80 ti H o oo @004 @17) @4 (#12)  (*06)
2.54 109 571 271 273 27
um  0-20 ssh PHO 004)  @009) (#33)  (#6.0) (@#3.5)  (0.1)
. 2.58 135 474 143 285 46
Oriental v 20-40 ss1 H (*0.01)  (£0.05) (£2.1) (#24) (¥0.7)  (0.2)
Jnenta! N 406 y u 2.55 149 415 8.2 30.6 2.7
P ! (#0.01)  (#0.03)  (£1.3)  (#2.0) (#2.1) (0.1
. 2.54 154 394 4.1 335 18
stz 62-80 ti H o 0000)  @002) (209 (1.6) (28  (20.1)
2.55 1.01 60.5 384 207 1.4
wm  0-10 sp PH 0000)  @006) (22) (#34) L) (0.0
2.62 138 475 197 230 438
Austrian ab 10-38 sp HP (£0.05)  (£0.06)  (£2.3) (3.5  (+2.9)  (£0.2)
pines -~ 2.66 162 390 202 15.6 33
fg 3870 sp H (£0.04)  (£0.06) (£2.9)  (22.6) (£26)  (:0.4)
o 7090 . " 2.60 170 347 5.7 282 0.8

(£0.01)  (+0.04) (x1.5) (£1.3) (£2.1) (£0.1)

Horizons: ak, anthric; ak/lv, intermediary; um, umbric; ab, albic; um/ab, intermediary; lv, luvic; fg, fragic; st, stagnic; cc, cal-
cic. Physical properties: p, particle density; p,, bulk density dry; P, total porosity; P, coarse pores; P, capillary pores; P,
semi-capillary pores. Texture evaluated in triangle diagram: ssh, silty-loam; sp, sandy-loam; sh, loamys; ssi, silty-clay-loam; si,
clay-loam; spi, sandy clay loam; ts, silty clay; ti, clay; tp, sandy clay. Texture by Novak based on percentage of particles < 0.01
mm: H, loamy; PH, sandy-loam; IH, clay-loam; HP, loamy-sand.
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Table 2. Mean (+ standard deviation) soil hydro-physical properties in profiles

Tree species Horizon Depth Ore Ocme Wy Ov ©p Vam Va
(m) (%)

n 0,30 317 347 13.9 17.1 14.6 254 14.1

#1.6) (£12) (47 (*1.2) (*2.2) 7.7) (#5.3)

Lawson v 3070 32.6 345 15.6 18.6 13.9 19.3 7.5
#1.0)  (20.7)  (#2.4)  (*0.6) (+1.0) (+2.3) (+2.0)

Cypress 70-80 333 34.6 15.1 19.9 13.4 17.4 5.0
ce (*0.9)  (£1.1) (#0.5)  (x0.3) (*0.2) (*1.8) 1.7

um 0.20 35.6 39.5 20.8 14.8 20.8 24.2 16.5

(x1.9) (£2.0) (£2.8) (x1.0) (£1.5) (£2.8) (£3.0)

b 20.50 329 36.2 25.3 15.0 17.8 18.5 13.4

#2.1) (#2.7)  (#2.8)  (*0.9) (2.1 (+2.8) (*1.9)

Tulip trees v 5070 29.4 339 26.1 15.4 14.1 15.2 10.3
#0.8)  (£L.1) (#23)  (£0.9) (£1.4) (#3.7) (+3.3)

o 70.90 31.5 325 29.9 19.0 12.5 8.7 7.9

(£0.9) (£0.6) (x4.7) (£0.9) (£1.5) (£2.9) (*1.3)

" 0.20 23.1 23.8 3.6 17.0 6.1 38.1 32.8
#27)  (#29) (#38)  (*17) (+2.3) #9.0)  (£10.1)

Chinese v 50.30 31.0 317 11.6 215 9.5 225 14.3
h— (#5.0)  (£54) (22.5)  (20.6) (+4.5) (+2.4) (+4.4)
Junipers . 30-80 36.6 36.9 19.9 25.4 115 10.3 2.6
s - (2.1) (#23)  (#1.0) (1.7 #3.7) (*1.9) (*1.2)

" 0.20 323 35.0 10.1 19.5 12.8 27.1 15.1

(£0.6) (x1.5) (£5.9) (£4.8) (£5.4) (#4.5) (+4.9)

. 32.1 35.8 72 19.7 12.2 26.0 9.4
Otﬂlelf;sl ak/lv 20-40 *1.8)  (£0.4) (*60)  (£22)  (3.7)  (54)  (233)
e 40.80 313 35.0 11.1 12.9 18.3 29.0 10.9

#02)  (#0.7) (20.6)  (£0.4) (+0.3) (£1.5) (£1.6)

um 010 25.7 27.1 11.8 16.0 9.7 306 274

(+1.8) (+1.8) (2.4 (=1.3) #3.1) (4.5) (x1.4)

b 1029 31.0 36.0 15.9 17.1 13.9 243 14.8

Western (+4.0)  (#44) (#5.1)  (204) (+3.9) (+4.8) (+4.6)
redcedars fe 25 50 30.6 36.8 16.9 153 153 27.6 19.8
27 @#3.0)  (#22) (@#2.0) (+3.5) (+3.9) (*2.7)

342 356 29.9 252 9.0 4.1 5.0

st 080 Gy @07y @25) (20.9) (®1.9)  (E21)  (£14)

um 0.20 273 29.3 11.4 12.7 14.6 35.1 27.9

(£3.5) (x4.0) (£3.6) (£0.5) (£3.9) (£6.1) (£6.0)

v 5040 28.5 32.1 19.4 14.7 13.8 223 153

Oriental (+0.7)  (20.7)  (£0.9)  (1.8) (+£1.4) (+2.3) (+2.3)
30.6 324 209 20.3 10.3 13.9 9.0

spruces st 40-62 2.1)  (£1.9)  (#3.9)  (*14)  @#2.8) (225  (£2.0)
w“ 6280 335 347 26.6 20.7 12.8 8.7 4.7

(+2.8)  (£2.8) (#43) (0.1 (+3.0) (+2.3) (£1.9)

um 010 20.7 215 52 10.3 10.4 45.1 39.0

1) (*LS)  (#0.5)  (*0.7) (+0.8) (+2.2) (£3.4)

' b 1038 23.0 259 14.9 8.0 15.0 30.9 21.6
Austrian (£2.9) (£3.0) 1.7) (£0.4) (£2.8) (£2.7) (£3.5)
pines o 38.70 15.6 17.5 13.8 7.8 7.7 25.7 21.6
(£2.6) (£2.8) (£5.1) (#1.2) #3.7) (£2.8) (£2.7)

o 7090 282 287 27.8 15.6 12.6 9.1 6.0

2.1)  (#22)  (#09)  (+0.3) (+0.5) (£1.5) (*1.4)

Horizons: ak, anthric; ak/lv, intermediary; um, umbric; ab, albic; um/ab, intermediary; lv, luvic; fg, fragic; st, stagnic; cc, calcic.
Hydro-physical properties: 0, ., retention water capacity; 0., maximum capillary water capacity; Wv, available water supply;

0., wilting point; 0, available water capacity; V,, , actual air volume; V,, air-filled porosity.

82



Brapy and WEIL (1999) reported that macropo-
res volume representing less than 10% of the total soil
volume can cause significant inhibition of the microbial
activity and plant growth in most soils. The results de-
termined in the soil of the Arboretum showed that the
coarse pores were extremely scarce, dependent on the
species: from the depth of 0.2 m (under oriental thu-
jas), from 0.3 m (under Lawson cypress and Chinese
junipers), from 0.4 m and 0.5 m (under oriental spruces
and westernredcedars) (Table 1, Fig. 1), therefore roots
ranging deeper may suffer from oxygen shortage. On
the other hand, the main volume of tree roots extends to
the depth of 0.4-0.5 m (SALy, 1978).

In all the studied profiles, soil aeration (V,, ) as
well as air-filled porosity decreased with depth, al-
though significant reduction of air content was found in
all st horizons and also in lv horizon under Lawson cy-
press and intermediary ak/Iv horizon under oriental thu-
jas (Table 2). LHOTSKY et al. (1984) presented value of
10% as the limit V,. Decreased V, and impeded aeration
can result from the mechanical compaction of the soil,
poor drainage and water logging, and heavy soil texture
(HouskovA, 2002; WALL and HEISKANEN, 2009; PoL-
LAKOVA et al., 2016). Generally, under poor soil aera-
tion even anaerobic or waterlogged conditions, existing
roots stop growing and new roots do not penetrate into
the waterlogged ground. Chemical reactions running in
the absence of oxygen in the existing roots, can produce
damaging toxins causing the roots dying. Paradoxically,
waterlogging can cause problems of drought in sum-
mer through limited root expansion. Fluctuating water
levels can be the worst as they may lead to continually
wasted investment in new roots (HUXLEY et al., 1992).

However, based on the annual surveys of plants
abiotic damages in the Arboretum, it can be stated that
studied trees had not suffered by lack of soil aeration.
On the contrary, some tree species, such as Japanese
cedar, tend to suffer with lack of soil moisture, mani-
fested as increased litterfall and weak growth (PoL-
LAKOVA et al., 2016), mainly during summer season,
which is normally hot and dry (Hrusix et al., 2011).
Moreover, within the period 1971-2011, the mean an-
nual air temperature and mean spring air temperature
in the Arboretum increased by 1.41 °C or 1.06 °C, re-
spectively. This temperature increase affected the on-
set of phenophases and the length of growing season.
The beginning of growing season was advanced by 19
days for European (1990-2011) and 9 days for Asian
taxa (1991-2008) (BarTa and HoTka, 2013). Logically,
longer growing season is related to increased demands
on water for transpiration.

Physical and hydro-physical properties of studied
soil profiles and their meeting the demands of intro-
duced tree species

Beside Austrian pines, Chinese junipers, oriental thujas
and oriental spruces, the other tree species investigated

in this study had high requirements on soil moisture.
Even western redcedars are able to grow in swampy ar-
eas and on river banks (HUXLEY et al., 1992; HORACEK,
2007; Hiekg, 2008; BEeck, 2017; VAN HAVERBEKE,
2017; MINORE, 2017; ZoBEL, 2017). Nevertheless, all
the studied trees were more than 40 years old, and ac-
cording to SALY (1978), young trees barely tolerate the
lack of water, while older ones are more resilient. In ad-
dition, during juvenescence of studied trees, the climate
in the region was more favourable. However, particu-
larly in the last two decades, many extremely dry years
occurred (ISToNA and PaviLENDA, 2011). Soil drought
accompanied by dry air can affect substantially the
transpiration and consequently the soil water dynamics
in the root zone (MATEJKA et al., 2009). We also inves-
tigated, whether the studied trees were planted in a cli-
matically appropriate location, according to the climat-
ic regionization (SUPUKA et al., 1991). We found that
the Austrian pines, oriental thujas, Chinese junipers and
Lawson cypresses profit from the warm and dry climate
of the Arboretum locality, while western redcedars, ori-
ental spruces and tulip trees have limited conditions in
the given climatic area.

Consider Lawson cypresses, succeed in full sun
on moist, well drained soils, with high rainfall and hu-
midity, but can survive on dry alkaline soils (HUXLEY
et al., 1992; Hiekg, 2008). The soil with Lawson cy-
presses was from the depth of 0.3 m characterized by
low percentage of coarse pores, and air-filled porosity
(Tables 1-2) what was a prerequisite of reduced roots
breathing. On the other side, Lawson cypresses have no
taproot but produce vertical sinkers from the dense net-
work of fibrous horizontal root system (ZOBEL, 2017).
Therefore, they cannot suffer with shortage of oxygen
in the studied soil. High percentage (32.6-33.3%) of
P_ retaining rainwater and medium texture ensured
that the values of wilting point (6,,) are relatively low
(18.6-19.9%), whereas available water capacity (6,)
high, mainly in Iv and cc horizons (13.4-13.9%) and
Lawson cypresses flourish, despite preference for moist
soils (Tables 1-2).

Also tulip trees prefer deep, rich, rather moist soils
(HorACEK, 2007). Soil physical properties strongly
overshadow chemical properties in determining dis-
tribution and growth of tulip trees. They grow natu-
rally and well in soils moderately moist, well drained,
and loose textured; they rarely do well in very wet or
very dry areas. Exceptionally good growth has been
observed on alluvial soils bordering streams, on loam
soils of mountain coves, on talus slopes below cliffs
and bluffs, and on well-watered, gravelly soils. They
have a rapidly growing and deeply penetrating juvenile
taproot, as well as many strongly developed and wide-
spreading lateral roots (BECK, 2017). The stand of tulip
trees in the Arboretum was located in a terrain depres-
sion, at a foot of a gentle slope, 50 meters from a pond.
The studied profile has 10% stoniness, 31-55% sand
content, 8-31% content of clay, ensuring that values
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of 0, are high (Tables 1-2). Moreover, 29.4-35.6% of
P_ is not only able to maintain enough rainwater, but
also elevate groundwater by capillary raise. Likewise,
tulip trees on their stand meet good soil conditions for
growth, therefore well thrive.

Chinese junipers need for optimal growth well-
drained soil, or they will decline from root rot. They
are quite drought-tolerant and succeed also in dry areas
(Huxtey et al., 1992; Hiekg, 2008). The soil physical
properties on Chinese junipers site in the Arboretum, do
not provide good conditions for quick drainage, since
from 0.3 m the coarse porosity is only 2.2%, capillary
porosity 36.6% (even P represents up to 93% of P,),
and clay content is 44.8%. The low value of V, (2.6%)
does not guarantee sufficient air exchange at depth un-
der 0.3 m (Tables 1-2). Therefore, on the base of re-
sults of physical soil properties, this site reveals a high
probability that the Chinese junipers would suffer with
a root rot during late autumn, winter and early spring.
However, up to now there were not found any roots
damages.

Another studied dry tolerant tree species were ori-
ental thujas, best growing on dry, freely drained sites,
in wild grow mainly on steep rocky valley sides, of-
ten on cliffs in dry areas of Western China (HUXLEY
et al., 1992). The soil in the Arboretum, where orien-
tal thujas are grown is characterized by high content
of silt (51.4-54.9%) in the whole profile, including
soil-forming substrate, which is carbonate loess. Such
high amount of silt influences formation of favourable
porosity (SARAPATKA, 2014), and thus quick drainage,
but also water maintenance in capillary pores (Table
1). The evidence of suitable conditions is a healthy, 50
years old, dense growth of oriental thujas.

Western redcedars demand high soil moisture, and
grow well in ravines and on poorly drained soils in
depressions (HIekE, 2008). Their tap-roots are poorly
defined or nonexistent, but fine roots develop a pro-
fuse, dense network. Shallower root systems are more
frequent either in soils with high bulk density or on
wet sites than on deep, moderately dry soils (MINORE,
2017). Soil under redcedars in the Arboretum is char-
acterized by 5% stoniness, 35-44.4% content of sand,
which results in a 13.8-28.3% coarse porosity up to the
depth of 0.5 m, a prerequisite for quick drainage of rain-
water. On the contrary, the compacted, enriched by clay
st horizon is characterized by an extremely low coarse
porosity (4.7%) and therefore reduced water drainage,
respectively by a high retention of rainwater. However,
the st horizon, despite high retention water capacity
(34.2%), has a low value of available water capacity
(9.0%), because the high clay content (47.3%) consid-
erably increasing values of wilting point (25.2%). Thus
the substantial amount of water in st horizon is physi-
ologically dead, unavailable to western redcedars de-
manding high soil moisture (Tables 1-2). Nevertheless,
the soil-climate conditions described in this study are
exceptionally favourable for western redcedars, and the
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species is spreading spontancously over this site.

Oriental spruces should be grown on well-drained
soil, and they tolerate infertile, even rocky soils, how-
ever, only in locations, where winters are not extremely
dry (HUXLEY et al., 1992; GiLMAN and WATSON, 1994).
Stagnic horizons (st,, st,) enriched by clay (38.4 and
43.2%) slow down the proper drainage of rainwater (P
4.1-8.2%). However, 10% and 20% content of gravel
in these horizons may increase their drainage ability.
Good health status and large height of trees give evi-
dence for appropriate adaptation of oriental spruces on
their site in the Arboretum (Tables 1-2).

Among all the examined tree species, the Aus-
trian pines are the least demanding on soil properties.
They can grow on rocky, often poor, calcareous, even
pure limestone, sandy, dry areas (KovAC et al., 2005;
Hieke, 2008). Austrian pines are deep laterally rooted,
and therefore, perform best in deep soils. On good sites
they grow fast and straight, up to 40 m (VAN HAVER-
BEKE, 2017). The Austrian pines in the Arboretum were
planted on a hill-top, to serve as a protective strip for
other introduced trees, mainly against the wind and also
due to bad soil properties on the site. The soil on site of
Austrian pines is characterized by 53.6-64.7% of sand
and 10-30% stoniness. STEINHUBEL (1957) reported,
that gravel is usually rounded, dominated by quartz,
less quartzite, and occasionally andesite and other rocks
building the Tribe¢ Mts, from which the gravel origi-
nates. On this material the loess was accumulated and
over time decarbonated due to soil-forming processes.
Soil formed on such soil-forming substrate is well
drained. On the other side, 38.4% of clay in st horizon
in depth of 0.7 m contributes to the retention of 28.2%
water, from which nearly half is available (6, 12.6%) to
trees roots (Tables 1-2), what satisfies Austrian pines
demands, and grow up to 20 m.

According to this study results, not all the tree spe-
cies introduced into the Arboretum Mlynany meet there
optimal conditions for their growth. Nevertheless, they
have acclimatized well in soil-climatic conditions de-
scribed in this study.

Conclusions

Currently only few scientific works consider the rela-
tionships between introduced tree species and proper-
ties of soils, on which they are grown. The results pre-
sented in this study enrich the knowledge about pos-
sibilities of growing selected introduced tree species
on soils with similar physical properties in temperate
climate of Central Europe.

The results of this study showed, that all stagnic
horizons exceeded limit values of total porosity and
bulk density, hence were compacted.

Based on the literature knowledge about soil and
climatic requirements of the examined trees we may
conclude that soil conditions of their sites in Arboretum



Mlynany comply to: Lawson cypress, tulip trees, orien-
tal thuja trees, Austrian pines. However, physical prop-
erties in the profiles under oriental spruces and Chinese
junipers do not permit rapid drainage of water, and this
is unfavourable for their healthy development, because
they usually suffer from root rot in excessively wet
soil. On the contrary, Western redcedar demands high
soil moisture, but the soil profile under redcedars in the
Arboretum is characterized by a high coarse porosity
up to the depth of 0.5 m, what is a prerequisite of fast
rainwater drainage.

Despite not all the tree species introduced into the
Arboretum Mlynany meet there optimal conditions for
their growth, none of them suffered from lack of soil
aeration or moisture and all the species seem acclima-
tized well in the soil-climatic conditions of the Arbore-
tum Mlynany.
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