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Abstract

A private owner established a plantation of a semi-arid hybrid of Paulownia Clone in vitro 112® near the village of Stielice
u Brna in 2016. We split the plantation into three expositions (according to terrain micro-relief — South slope, Plain area and
North slope) and two parts (according to the applied biotechnology of planting — each with planting into 20 and 30 cm holes
in diameter). We tested various winter protection techniques for above and belowground plant organs. The results suggest
that plants inside 30 cm holes survive and grow better than those inside 20 cm ones, regardless of terrain micro-relief. On
the other hand, plants inside the 20 cm holes survive and grow better on flat areas. The most effective protection of the root
system against frost during the wintertime seems to be simple soil covering. We also recognized that bandage of non-woven
fabric is the best protection for the above-ground parts of the plants. However, growing conditions in the Czech Republic (CR)
are different to those in the semi-arid climate for which researchers bred the Paulownia Clone in vitro 112%. It is possible to
achieve well-growing and surviving Paulownia plants under growing conditions of the CR when appropriate biotechnology
and continuous treatment are applied.
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Introduction beetle attack, etc. One of the possibilities of how to meet
Knauf and Friihwald (2015) predict that availability marlfet demands is the use of an appropriate fast-growing
species (Buchholzer 1992).

We can use many tree species to meet market demands:
Acacia spp. Miller, Ailanthus altissima (Mill.) Swingle, Al-
nus spp. Mill., Casuarina spp. L., Fraxinus spp. L., Pau-
lownia spp. Siebold & Zucc., Platanus spp. L., Populus

of high-quality assortments of wood for the wood industry
will become limited in the future. The main factor influ-
encing the availability of assortments is the rising demand
for wood used for energy purposes or for the production of
wood-ﬁb.re boards (Michanickl 2907). In the distant f%lture, spp. L., Prosopis spp. L., Robinia pseudoacacia L., Salix
changes in tree species composition of forest stands in the spp. L. or Tectona spp. L. f. and others (Armstrong et al.
Czech Republic (CR) will play an important role. Then, re- 1999, Sixto et al. 2007).

presentation of coniferous tree species, especially Norway Plantations of tree species, which do not produce
spruce (Picea abies L. Karst.), will decrease and the repre- timber, cannot meet market demands for high quality as-
sentation of broadleaf species, especially European beech  ortment but may fill the gap in the energy industry; or

(Fagus sylvatica L.) and various oak species (Quercus L.),  can be used to produce wood-fibre products. Paulownia
will increase. Furthermore, the amount of actionable wood spp. could be chosen in the sawmill industry as one pos-
on the market, mainly to produce furniture and in civil en-  sible variation for the utilization of fast-growing trees in
gineering, will decrease because of calamities caused by =~ Czech conditions. The genus Paulownia consists of 6-to-
drought, wind throw, heavy snow, ice-break, frost, bark 17 species depending on the taxonomic classification (Ates
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et al. 2008, Woods 2008). Paulownia ssp. comes from
China (Zhao-Hua et al. 1986) and it is a deciduous tree
species that can grow to a height of 12-t0-30 m (Smiley
1961). The stem diameter at breast height is commonly
about 1 m (Uradni¢ek 2013), however, it can reach 2 m
in the area of origin (Innes 2009). In general, Paulownia
wood is light, strong, light coloured (Akyildiz and Hami-
yet 2010), it is easy to work (with) and therefore suitable
for carving (Ates et al. 2008). It can be used for building
constructions (Garcia-Morote et al. 2014) or for cellulose
and biofuel production (Yadav et al. 2013). Plantations are
being established with control-breeding hybrids of Pau-
lownia (Mal'ova et al. 2016) and, for this plantation, we
had chosen Paulownia Clone in vitro 112®, This clone is
a hybrid of Paulownia fortunei (Seem.) Hemsl. and Pau-
lownia elongata SYHu and is certified as non-invasive
because of its infertile seeds (Bikfalvi 2014, Stochmal et
al. 2018). However, this clone is suitable for a semi-arid
area (Garcia-Morote et al. 2014), but it is highly adaptable
in diverse conditions, as documented by Bikfalvi (2014).
Cuomo (2014) highlighted its high resistance to extremely
low temperatures (down to —25°C). Paulownia Clone in
vitro 112® has not only high resistance to frost and illness
but it is also fast growing in contrast to other hybrids (Icka
et al. 2016).

This particular clone had not been tested in the con-
ditions of the CR. Therefore, our study presents the first
practical experiment focused on growth and mortality of
plants by comparison of:

i) different applied planting biotechnologies;

ii) microclimatic conditions of the site during the first two
years after planting.

We also present the results from the testing of protection

against frost damage to the root system as well as to the

above-ground part in the same period.

Material and methods

The research site was a fenced private plantation
(owner: TopTree s.r.0.) near the village of Stielice u Brna
(49°09°16.1”N 16°28°25.7”E). The altitude of the research
site ranges from 300 to 320 m a.s.l. The private owner es-
tablished the plantation on agricultural land, luvic brown
soil with a depth of up to 1.1 m. The annual precipitation
was 524 mm and 452 mm in 2016 and 2017, respectively.
The lowest air temperatures of —3.9°C and —8.8°C were
recorded in January 2016 and 2017, respectively.
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In May 2016, the owner planted 686 container plants,
originating from cultivation using the vegetative method
in vitro (University of Castilla-La Mancha, Spain), sold
by Oxytree Solutions s.r.o, with a height of 20 cm +2 cm
(mean + SE) and root neck thickness of 5 mm + 1 mm
(mean + SE). Before transport, the saplings were poured
through with a sufficient amount of water and transport-
ed by a wind-proof means of transport. After being placed
into a dug out trough, they were again poured through with
water and covered up to the root neck with soil. The plants
were planted with a spacing of 4 x 4 m. The depth of the
holes was 80 cm. Of the 686 plants, the owner planted
102 plants into 20 cm holes and the rest into 30 cm holes.
They used level planting, which means that the soil surface
is covered with another 2 cm of soil. An irrigation bowl
was created around each sapling in the shape of a circle
80 cm in diameter with raised edges with the sapling in
centre. The bowl protected the saplings from herbaceous
vegetation, and rainwater remained in the bowl slowly
seeping through. The plantation was split into three sectors
differing in exposition: South slope, Plain area, and North
slope (hereinafter referred to as South, Plain and North re-
spectively; Table 1).

Each plant received a unique code according to row
and its position in each. In June 2016, the plant mortality
(caused by transplanting) was investigated, and the own-
er replaced dead plants with new ones, one month after
planting. The new plants were marked, and they were not
measured further. In the years 2016 and 2017, tree height
and stem diameter at 10 cm above the ground surface were
measured at the end of the growing season. In the years
2017 and 2018, the live part of each tree was measured at
the beginning of the growing season. After this measure-
ment, in spring 2017, the owner cut off the above-ground
part of all plants with a pair of scissors near the soil sur-
face, as it is a common procedure that supports the devel-
opment of the root system. Mortality was determined by
comparison with the previous measurement in the autumn
and/or spring. Cumulative mortality was calculated from
autumn 2016 until the last monitoring at the beginning of
the growing season in 2018. Therefore, two mortality types
were registered, one of them after transplanting because of
planting shock (which is caused by harm to the plant roots
during the transplanting process and/or by the action of
other climatic and pedological conditions on transplanted
plants) and the other after each growing season and winter.

In the autumns of 2016 and 2017, selected plants (of
those planted into the 30 cm holes) were tested for resis-
tance to potential frost damage. In 2016, soil and peat cov-

Table 1. Description of the sectors,

Shape of Number of plants (pcs)

number of plants in the sectors Sector Exposure slope Slope Hole 20 om__ Hole 30 om
1. South Line 10% 34 195
2. Plain Concave 0% 34 195
3. North Line 10% 34 194
Total 102 584
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Table 2. Evaluation of repre- Winter Tree height Stem diameter Average of pro-
sentativeness of chosen plants protection Exposure (+ SD) SS* (+ SD) SS*  tection height
for winter protection in 2016 variant [cm] [mm] (£ SD) [cm]
Without All plantation 72.5 (£ 24.9) ns 17.6 (£ 5.6) ns -
protection South 72.6 (£282) ns 174 (£6.1) ns -
Plain 80.7 (£22.9) ns 192 (5.1) ns -
North 67.7 (£226) ns 168 (+5.4) ns -
Non-woven All plantation 75.2 (£ 15.1) ns 19.2 (£ 4.0) ns 76.3 (£ 15.1)
material South 71.6 (£127) ns 16.0 (£2.2) ns 72.6 (+ 12.6)
Plain 79.5(+13.8) ns 21.9(+3.0) ns 80.7 (+ 14.2)
North 746 (+18.6) ns 19.9 (£4.1) ns 77.7 (£ 20.9)
Peat All plantation 76.0 (£ 12.9) ns 17.9 (£ 3.8) ns 22.9 (£ 3.1)
South 67.7 (+14.9) ns 14.8(£3.8) ns 23.1 (+3.3)
Plain 81.0 (£ 125) ns 19.8(+3.8) ns 20.4 (+ 2.8)
North 792 (+9.5) ns 19.2(£22) ns 21.4 (£ 2.9)
Soll All plantation 77.5 (£ 22.7) ns 18.9 (£ 5.0) ns 221 (£3.1)
¥ $S stands for statistical signif- South 62.1(+20.8) ns 159(+52) ns 21.4 (+3.0)
icance; ns stands for statistically Plain 749(x20.3) ns 17.9 (+45) ns 23.3(£3.2)
not significant values (p = 0.95). North 95.8 (+13.2) ns 230(x1.9) ns 227 (£2.9)

Table 3. Evaluation of representativeness of chosen plants for
winter protection in 2017

Winter . Stem
protection ;I;rreSeDr;e[lcgmhi SS* diameter SS*
variant (£ SD) [mm]

Without protection
Non-woven material 61.1 (+17.8) ns 159 (x54) ns
Tubex 68.7 (+30.4) ns 204 (£8.5) ns

* SS stands for statistical significance; ns stands for statistically not sig-
nificant values (p = 0.95).

65.4 (£20.3) ns  18.5(x6.4) ns

ering and binding using non-woven fabric, together with
the increased thickness of the soil, were applied to ten
sample plants of similar size per sector (Table 2).

The soil or peat fill had the shape of a truncated
cone with a height of 20-25 cm. These fills were intend-
ed for the protection of the root system and lower above-
ground part. The non-woven material was wrapped around
the trunk downward from the treetop and it covered the
ground around the trunk. The part of the material, which
covered the ground around the trunk, was overlaid with an
approximately five-centimetre layer of soil. In 2017, the
root system protection against possible frost damage was
not repeated. Wrapping of non-woven material without soil
overlap and the insertion of the stem into a hollow cylin-
der of polyethylene TUBEX® foam (“Tubex”) were two
methods employed for the protection of the above-ground
part. Twelve plants of similar size from each sector were
chosen for determining the efficiency of this protection
(Table 3).

Statistical analysis of the data was performed using
STATISTICA software package (StatSoft 2013). Normal-
ity of the data distribution was examined before the main
analysis. The main effects were tested using ANOVA. Af-
ter ANOVA analysis, Fisher’s LSD test was used to iden-
tify differences among the main effects and interactions.
Confidence intervals were set at 95%.

Results
Mortality

The mortality was from 0 to 8% depending on the ex-
posure and the diameter of the drilled hole (Table 4), one
month after planting.

There was no mortality on Plain, regardless of the di-
ameter of the drilled hole and there was no mortality in the
20 cm holes on South. The plants inside the 20 cm holes on
the North exposure showed the highest mortality (7.7%).
In the spring of 2018, the mortality of those planted into
the 30 cm holes was more-or-less consistent across all ex-
posure variants, i.e., from 4.6 to 6.8%. On the other hand,
we noted big differences in the mortality of those plants
inside the 20 cm holes within the exposure variants. There,
we recorded the highest mortality on the North (19.2%)
and the South (14.3%) exposures. We did not establish the
plant mortality on Plain.

Table 4. Mortality of Paulownia according to exposure and drill
diameter

Exposure South Plain North
Drill diameter [cm] 30 20 30 20 30 20
Mortality of 4.9 0 0 0 1.8 7.7
transplanting
SHG A B B B B A
—. 2016 Autumn 1.2 0 0.7 0 0 3.8
= SHG A A A A A A
% 2017 Spring 4.3 71 2.6 0 0.9 3.8
T SHG A B A A A A
= 2017 Autumn 49 143 3.9 0 36 38
SHG A B A A A A
2018 Spring 6.8 14.3 4.6 0 55 19.2
SHG B B A A A B

* Capital letters denote statistically homogeneous groups (SHG)
between variants of different frost protection (p = 0.95).
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The effect of terrain exposure and hole diameter

Plant height and stem thickness were similar (+ 2 cmin
height, + 1 mm root neck thickness) in the time of planting.

The plants inside the 30 cm holes were significantly
higher than those planted in the 20 cm ones (Figure 1).

On average, they were about 76% higher at the end of
the 2016 growing season and about 18% higher in 2017.
Similarly, the non-frozen live above-ground parts of the
stem, on average, were about 63% higher in the plants
inside the 30 cm holes than those in the 20 cm ones af-
ter the 2016/2017 winter and about 11% higher after the
2017/2018 winter.

=20 cm

=20 cm
71 m30cm

m20cm

120 1 m30cm

HEIGHT OF STEM (cm)

=20 cm

HEIGHT OF LIVE STEM (cm)

South

Plain North

EXPOSURE

All plantation

Figure 1. Height of plants

A is for the height of tree in the end of growing season 2016; B is for the
height of live above-ground part of stem after winter 2016/2017; C is for
the height of stem at the end of growing season 2017; D is for the height
of live above-ground part of stem after winter 2017/2018. Whiskers
denote standard deviations. Statistically significant differences between
variants of drilled hole diameter are marked by stars (* P <0.05,
** P<0.01, ¥** P<0.001). Small letters denote homogeneous groups
between variants of exposure for 20 cm hole diameter (p = 0.95). Capital
letters denote homogeneous groups between variants of exposure for
30 cm hole diameter (p = 0.95).
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Moreover, the plants in the 30 cm holes were thicker
than those in the 20 cm ones by about 85% at the end of the
2016 growing season, and by about 30% in 2017 (Figure 2).

On the North exposure, the plants in the 30 cm holes
were always taller than those in the 20 cm ones. There, the
greatest difference was 118% after the 2016/2017 winter,
and the smallest difference was 19% after the 2017/2018
winter. These higher plants were also thicker by about 6%
in 2016 and 17% in 2017. On the South and Plain expo-
sures, the plants in the 30 cm holes were bigger than those
in the 20 cm ones in 2016:

* in height by about 45% on South and about 29% on Plain;
* in stem thickness by about 20% on South and about

42% on Plain.

In contrast, we did not record any differences in plant
height on these exposures at the end of the 2017 growing
season and after the 2016/2017 and 2017/2018 winters.
The difference in stem thickness between the plants in the
20 cm and 30 cm holes was about 38% on the South expo-
sure at the end of the 2018 growing season.

The effect of protection against frost damage after
the 2016/2017 winter

We expected there to be mortality (due to frost dam-
age) during the winter period on the above-ground plant
parts as well as on the root systems. We identified the high-

DIAMETER (mm)
5 o 3

(3]

South Plain
EXPOSURE

North

All plantation

Figure 2. Stem diameter of plants at 10 cm above the ground
(d10)

A is for the d10 at the end of growing season 2016; B is for the d10 at
the end of growing season 2017. Whiskers denote standard deviations.
Statistically significant differences between variants of different hole
diameter are marked by stars (* P <0.05, ** P<0.01, *** P<0.001).
Small letters denote homogeneous groups between the variants of
exposure for 20 cm hole diameter (p =0.95). Capital letters denote
homogeneous groups between the variants of exposure for 30 cm hole
diameter (p = 0.95).
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est mortality in the plants which had no protection on the
South exposure (8.7%; Table 5) and the lowest on the Plain
exposure (3.9%). Application of plant protection against
frost damage results in a lower mortality, compared to the
variant without protection. We did not observe any mortali-
ty when we used peat fill as protection. There was a mortal-
ity (caused by frost) of only 3% in the cases of the soil fill
and the non-woven material on the South exposure. After
the winter period we found that the above-ground part on
all plants had been damaged by frost. Generally, the height
of the live above-ground part of the stem (i.e., the part of
the stem without frost damage) was the greatest with the
non-woven material (27.3 cm £ 10.2 cm; Table 5) and the
smallest with the soil fill (15.4 cm + 6.9 cm). We observed
similar trends for non-woven material (28.9 cm + 11.9 cm;
23.8 cm = 9.6 cm) fill (11.7cm+7.2 cm;
13.1ecm=*6.7cm) on the South and Plain exposures.
The differences among the plants in the height of the live
above-ground part of the stem were not statistically signif-
icant on the North exposure.

and soil

The effect of protection against frost damage after
the 2017/2018 winter

The highest mortality of plants occurred when pro-
tected with Tubex (12.5%), whereas the mortality of plants
protected using non-woven material was 8.3%, and the
mortality of plants without protection was 9.1% (Table 5).

The height of the live above-ground part of the stem
was the greatest when the non-woven material was used
(26.8 cm = 7.8 cm; Table 5). The height of the live above-
ground part of the stem with Tubex was about 30% lower
compared to that with the non-woven material and was the
lowest of all.
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Discussion

There are, unfortunately, very few scientific papers
and works dealing with the cultivation of different clones of
Paulownia, especially in the CR. We consider the presented
results of this work as preliminary due to the small number
of plants tested and plan to acquire more results in future.

Mortality of Paulownia plants and seedlings is caused
by several factors such as unfavourable soil and weather con-
ditions or inappropriate biotechnology of planting and culti-
vation (Colak 2003, Balcar et al. 2012, Barbeito et al. 2012).
The soil conditions on our plantation were mostly the same
across the whole area, which means that it is most probably
the biotechnology of planting and/or the specific field micro-
climate conditions that have the greatest influence on plants.

The small size of the hole might be one of the inap-
propriate biotechnologies of planting. However, Zhao-Hua
et al. (1986) state that a depth of 0.2 m is sufficient for
planting; PaulowniaMoravia company recommends that
the depth should be around 0.3 m (PaulowniaMoravia
2013) and Bio Tree company recommends that the depth
should be around 0.4 m depending on the proportion of
clay in the soil (Bio Tree 2017). The depth of the holes was
0.8 m for both biotechnologies of planting in the Stielice
plantation. A depth of 0.8 m has been presumed to be suffi-
cient because agricultural land is usually compact (caused
by heavy machines) between the upper layer of soil (which
is 0.2—-0.3 m thick) and a depth of up to 0.7 m. Not only the
depth but also the width of the hole seems to be crucial.
Biotechnology of planting with the use of a 20 cm diam-
eter proved to be less efficient than a 30 cm diameter, as
the growth of Paulownia plants was lower and mortality
higher, especially during the first year after planting. Mor-
tality of plants inside the 30 cm holes was lower regardless
of terrain exposure. PaulowniaMoravia (PaulowniaMora-

Table 5. Mortality of winter ; " ; i ; :
protection in 2016 and 2017 Yepe:’:)?efcvt\?c?r:er Exposure Wlntevl'aFr)iF;th]?Ctlon MO[I;Za]“ty SHG Hzlt%rr:: ?)Llll;/e SHG
and height of live stem part 2016 All plantation Without protection 67 A (19.5£10.9) A
after winter 2016/2017 by pro- Non-woven material 11 B (212+05) A
tection 2016 and after winter Peat 0 B (20.1+5.3) AB
2017/2018 by protection 2017 Soil 11 B (15.4+69) B
South Without protection 8.7 A (222+13.0) A
Non-woven material 33 B (249+11.9) A
Peat 0 B (20.0+7.1) AB
Soil 32 B (11.7+72) B
Plain Without protection 39 A (21.0+11.3) A
Non-woven material 0 B (21.3+9.6) AB
Peat 0 B (195+7.1) AB
Soil 0 B (13.2+56) B
North Without protection 71 A (17.2+£85) A
Non-woven material 0 B (179+10.0) A
Peat 0 B (20.8+1.0) A
* Capital letters denote statisti- Soil 0 B (213£39) A
2017 Without protection 9.1 AB 122 (£5.5) A
cally homogeneous groups (SHG)
between variants of different frost Non-woven material 8.3 A 26.8 (£7.8) B
protection (p = 0.95). Tubex 125 B 86(x59) C
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via 2013) recommends a hole diameter of at least 40 cm.
Zhao-Hua et al. (1986) recommends a trapezoid shape of
hole 60 cm wide at the top and 25 cm wide at the bottom
across the entire length of the plantation. We can assume
that a 30 cm hole does not provide optimum conditions for
growth of the plants and a 20 cm one is insufficient.

A specific microclimate based on microsite and ter-
rain exposure should have an effect on the growth of Pau-
lownia plants. Our results indicate that the viability of sam-
plings was affected negatively especially on the South and
North exposures immediately after planting and during the
entire time of the experiment. Sunlight, which affects the
surface temperature of plants and soil, is probably the rea-
son why the viability of the samplings decreases on South
(Leonelli et al. 2009). Soil on the South exposure becomes
more susceptible to drought and the temperature of the soil
can reach higher values there than on the Plain terrain or
the North exposure (Korpel’ 1991). In addition, slope in-
clination could be the cause of the increase in mortality as
well. Since the runoff and the infiltrated water flow down
the hillside, soil moisture could be higher at the bottom part
of slope and it could more evenly distributed on the plain.
Moreover, cold air moves downward and stagnates in low-
er parts and terrain depressions (Whiteman et al. 2001).
For these reasons, plant mortality could be lower on flat
terrain than on hillsides. Summarizing the terrain exposure
effects, we expected better growth of Paulownia plants on
Plain and on South in the studied plot. Plants should grow
well on South, due to greater light and temperature enjoy-
ment (Leonelli et al. 2009). In the studied plot, the South
exposure advances the plant growth during the first grow-
ing season, but, later on, plants in Plain grew slightly better
compared to those on the other exposures. Nevertheless,
the influence of terrain exposure on plant height growth
was negligible, the increase in the thickness of the stem
was better on the North exposure. These results coincide
with the results of Sander et al. (1995). They found dif-
ferent responses in thickness and height growth of plants
on different exposures. However, our results coincide also
with the results of Havira et al. (2016), as they describe that
the exposure does not affect the height of plants, but the
stem thickness, especially on the North exposure.

One of the most limiting factors for the successful cul-
tivation of Paulownia in the CR is the amount of precipita-
tion. Zhao-Hua et al. (1986) state that Paulownia needs an
annual precipitation of 500 to 3 000 mm in its natural site.
UCLM (2016) noted that 750 mm of annual precipitation
is sufficient for the growth of Paulownia Clone in vitro
112%. TGG (2011) described that the amount of precipita-
tion must reach at least 150 mm monthly for the successful
growth of Paulownia plants in the first year and 50 mm in
the following years of growth. Zhao-Hua et al. (1986) pres-
ents that if the annual precipitation is less than 500 mm,
most of it must fall during the growing season. The annual
precipitation was 524 mm in 2016 and 452 mm in 2017 ac-
cording to the meteorological station Brno-Tufany (Czech
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Hydrometeorological Institute (CHMI)). The monthly pre-
cipitation did not exceed 100 mm in any month during the
growing season in 2016 and was higher than 50 mm only
in June and September during the growing season of 2017.
Comparing precipitation at the plantation locality (accord-
ing to CHMI) and that is reported in the literature above,
the deficiency of water is evident. Therefore, good growth
and viability of the Paulownia plants could be possible
only if water is added via an irrigation system.

Another limiting factor in the cultivation of Paulow-
nia in Central Europe is frost. Cuomo (2014) describes that
Paulownia Clone in vitro 112® can endure an air tempera-
ture of up to —25°C. According to CHMI, the lowest tem-
perature at the plantation site was —8.8°C for the investigat-
ed period. Therefore, frost should not damage the plants.
However, we detected mortality and frost damage of the
above-ground part during each winter. According to Zhao-
Hua et al. (1986), the mortality of plants should be higher
after the first winter than in the following winter periods
because plants do not lignify completely after planting.

In Stielice u Brna, mortality of plants was higher af-
ter the second winter than after the first due to lower air
temperatures. All the variants of the root system protection
against frost helped to protect the root system, compared
to that of the control plants. Zhao-Hua et al. (1986) rec-
ommend that the samplings should be sunk into the soil to
a depth of 5 cm during planting. We found a similar effect
when we covered the soil or peat around the plant stem, the
root neck and the root ball under the soil surface and it was
then less damageable by frost. Zhao-Hua et al. (1986) de-
scribe damage of the above-ground part of Paulownia for-
tunei and P. elongata by frost as a common phenomenon.
Zhao-Hua et al. (1986) estimate the age of a tree according
to the number of times it was damaged.

However, Paulownia Clone in vitro 112® should be
cultivated as a highly frost-resistant variety (Cuomo 2014,
Icka et al. 2016). That is why there is no mention regarding
winter protection for this clone. Under the climatic condi-
tions of the CR, a shorter growing period compared to that
in its area of origin (in Spain) may lead to frost damage to
the above-ground part more easily, as the top part of the
stem does not sufficiently lignify. Wrapping a stem with
non-woven material seems to be the most suitable pro-
tection of all the tested variants, as the height of the live
stem part was the highest. On the other hand, Tubex, as
an impermeable material, gives rise to water vapour con-
densation on the stem, which then creates a microclimate
that supports the formation and growth of fungal myce-
lium, which damages the above-ground part. As a result,
the mortality of the plants with Tubex protection increased
and the live above-ground part was lower after winter com-
pared to that which used other winter protection variants.

Comparing the plantation in the CR with foreign plan-
tations is difficult. Currently, there are only few works on
Paulownia Clone in vitro 112% growth in the first years
after planting. In addition, we did not find any works from
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Central Europe about the growth of Paulownia Clone in
vitro 112® in the first year after planting.

According to Icka et al. (2016), Paulownia trees can
reach a stem diameter of about 5 cm at breast height and a
tree height of about 4 m after the first year of planting in
Albania. The UCLM report (UCLM 2013) declares that,
on average, Paulownia Clone in vitro 112* trees reach a
stem diameter at breast height of about 11,81 in, a total tree
height of about 16 m and a stem volume of about 0.5 m?* six
years after planting in Spain. There, the annual tree height
increment was about 2.66 m and the annual stem thickness
increment about 5 cm. After the first year, the tree height
was about 0.8 m (in 2016) and 1 m (in 2017) in the Stie-
lice u Brna plantation. None of these total and increment
values reached those presented in UCLM (2013); there-
fore, growth speed in the CR is only 25% of that in Spain
(Icka et al. 2016). We could not compare the thickness, as
Paulownia plants did not reach the height of 1.3 m (i.e.
breast height) in the investigated plantation in Stielice u
Brna. The reason why the Paulownia Clone in vitro 112%
does not reach similar tree heights and stem diameters is
probably less rainfall and a shorter growing season in the
CR plantation, compared to those in Albania or Spain. The
growth of our plants is slow — this fact is confirmed by Bio
Tree (Bio Tree 2016), which states that Paulownia plants
can survive with less precipitation after one year from
planting, but the tree growth increment is low.

Conclusion

The results from the first two years after planting
(from the Paulownia Clone in vitro 112% plantation in the
CR) show that the proclaimed growth rate and expected
yield of wood assortments (Oxytree 2016) are not realis-
tic in the CR. The investigated Paulownia plants did not
achieve the morphological parameters, which are common
in a semi-arid climate. The Central European climate com-
pared to a semi-arid one is specific in that there is a shorter
growing season, more frequent frost and less precipitation.

For that reason, the speed of growth of Paulownia
trees (during the first two years in the CR) had been about
a quarter of that in a semi-arid climate. Our results suggest
that the size of the hole for planting could be one of the
limiting factors. The hole should be wider than 0.3 m and
have a depth of at least 80 cm on agricultural land. The ter-
rain exposure has a more evident impact on the mortality
of the seedlings during the first year after planting, and not
so much in the following years. The Plain exposure seems
to be the most suitable exposition for planting. We recom-
mend a sufficient water supply for the Paulownia plants,
especially in the first two-to-three years after planting, as is
recommended also by other authors. Artificial irrigation is
required especially in southern Moravia of the CR.

Frost damage is another important factor influenc-
ing the cultivation of Paulownia in the CR. The presented
preliminary results show that it is possible to reduce the
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amount of damage to the root system caused by frost and
the mortality of plants by covering the root system and the
stem base with peat or soil in the shape of a truncated cone.
Frost damage to the above-ground stem part was not suf-
ficiently eliminated. Non-woven material seems to be the
most appropriate of the other tested variants of protection
against damage to the stem by frost. Adaptation of culti-
vation practices is one of the possible ways of achieving
similar growth parameters in the CR, as are those in the
regions of origin of Paulownia. They can be for example:
the planting of stronger and taller seedlings with a
well-developed root system;

an increase in the amount of available water by irriga-
tion during the first two-to-three years after planting;
the use of specific protection against frost damage such
as non-woven materials, the painting of the stems with
wax or white reflective paint, the application of boron
before wintertime.

The results of this work are preliminary, more research has
yet to be conducted.

Acknowledgements

Authors thank to Eng. Jan Hobl for English revision
and to Eng. Dalibor Veverka for an access to make the re-
search at the plantation.

This work was supported by the Internal Grant Agency
(IGA) Faculty of Forestry and Wood Technology of Mendel
University in Brno (projects no. LDF VP 2018018 “The
influence of different variants of wintering and pruning
felling on the growth and quality of paulownia’s wood”
and no. LDF VP 2019011 “Determination of optimum
irrigation for the growth of Paulownia”) and the NAZV
The Ministry of Agriculture (project no. QK1810415 ¢,j.
70279/2017-MZE14152 “Vliv drevinné skladby a struktu-
ry lesnich porostii na mikroklima a hydrologické pomery
v krajine”’

References

Akyildiz, M.H. and Hamiyet, S.K. 2010. Some technological properties
and uses of Paulownia (Paulownia tomentosa Steud.) wood. Jour-
nal of Environmental Biology 31(3): 351-355.

Armstrong, A., Johns, C. and Tubby, 1. 1999. Effect of spacing and cut-
ting cycle on the yield of poplar grown as an energy crop. Biomass
Bioenergy 17: 305-314.

Ates, S., Ni, Y., Akgul, M. and Tozluoglu, A. 2008. Characterization
and evaluation of Paulownia elongota as a raw material for paper
production. Afiican Journal of Biotechnology 7(22): 4153-4158.

Balcar, V., Spul{lk, 0., Kacalek, D. and Kunes, I. 2012. Klimatické
podminky na vyzkumné plose Jizerka — I. srazky a pudni vlhkost
[Climatic conditions on the research area Jizerka — I. Precipita-
tion and soil moisture]. Zpravy lesnického vyzkumu 57: 74-81
(in Czech).

Barbeito, 1., Dawes, M., Rixen, C.H., Senn, J. and Bebi, P. 2012. Fac-
tors driving mortality and growth at tree line: a 30-year experiment
0f 92 000 conifers. Ecology 93: 389-401.

Bikfalvi, M. 2014. Paulownia — The intelligent tree (The Empress
Tree). Paulownia GreenE Romania, Cluj-Napoca, Romania, 9 pp.
Available online at: http://www.paulowniagreene.ro/wp-content/



BALTIC FORESTRY 27(1)

uploads/2012/11/Paulownia-Clon-in-Vitro-and-Paulownia-Cotevi-
sa-2-Presentation-EN.pdf (accessed on: 16 October 2019).

Bio Tree. 2016. Short station cycles, good practices, directions and
instructions. Good practices and instructions. Bio tree, 28 pp.
Available online at: http:/paulowniatrees.eu/eng/wp-content/up-
loads/2016/02/EN-Best-Practices-Paulownia-1.pdf (accessed on:
16 October 2019).

Bio Tree. 2017. Paulownia. Bio Tree, 1 p. Available online at: http://pau-
lowniatrees.eu/products/paulownia-planting-material/  (accessed
on: 16 October 2019).

Buchholzer, P. 1992. Eignung von Pappelindustrieholz unterschiedlicher
Klone, Altersstufen und Standorte fuer die Spanplattenherstellung
[Suitability of industrial poplar wood of different clones, ages and
sites for particleboard production]. Holz-Zentralblatt 118: 165-168
(in German).

Colak, A.H. 2003. Effects of microsite conditions on Scots pine (Pinus
sylvestris L.) seedlings in high-elevation planting. Forstwissen-
schaftliches centralblatt 122: 36-46.

Cuomo, F. 2014. Progetto clone in vitro 112® La nuova grande oppor-
tunita per 1’agricoltura [Project clone in vitro 112®. The new great
opportunity for agriculture]. Available online at: http://www.esa-
teksrl.it/files/Paulownia_Esatek Agri Rev.1.2 020314.pdf (acce-
ssed on: 26 July 2019) (in Italian).

Garcia-Morote, F.A., Lopez-Serrano, F.R., Martinez-Garcia, E.,
Andrés-Abellan, M., Dadi, T., Candel, D., Rubio, E. and Lu-
cas-Borja, M.E. 2014. Stem Biomass Production of Paulownia
elongata x P. fortunei under Low Irrigation in a Semi-Arid Envi-
ronment. Forests 5: 2505-2520.

Havira, M., Cada, V. and Svoboda, M. 2016. Struktura prirozené
horské smréiny v zavislosti na véku, nadmoiské vysce a expozici
[Structure of the natural mountain spruce forest in relation to age,
altitude and aspect]. Zpravy lesnického vyzkumu 61(3): 159-167
(in Czech).

Icka, P., Damo, R. and Ecka, E. 2016. Paulownia tomentosa, a
fast-growing timber. Annals of “Valahia” University of Tdrgov-
iste 10(1): 14-19.

Innes, R.J. 2009. Paulownia tomentosa. In: Fire Effects Information
System [Online]. U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station, Fire Sciences Laboratory (Pro-
ducer). Available online at: https://www.fs.fed.us/database/feis/
plants/tree/pautom/all.html (accessed on: 10 September 2019).

Knauf, M. and Friihwald, A. 2015. Die Zukunft der deutschen Holz-
werkstoffindustrie [The future development of the German wood-
based panel industry]. Holztechnologie 56: 5-12 (in German).

Korpel, S. 1991. Pestovanie lesa [Silviculture]. 1 vyd. Priroda, Bratisla-
va, 465 pp. (in Slovak).

Leonelli, G., Pelfini, M., Battipaglia, G. and Cherubini, P. 2009. Site
aspect influence on climate sensitivity over time of high-altitude
Pinus cembra tree-ring network. Climate Change 96: 185-201.

Malova, M., Jankovi¢,J., Sujova, K., Longauerova, V. and
Mutnanova, M. 2016. Paulownia — Potencial a rizika pestovanie
na Slovensku [Paulownia: the potential and risks of growing in Slo-
vakia]. In: Kunca, A., Varinsky, J. and Hlavac, P. (Eds.) Aktualne
problémy v ochrane lesa 2016. Zbornik referatov z 25. ro¢nika
medzinarodnej konferencie, 21-22.1.2016. Narodné lesnicke cen-
trum, Novy Smokovec, Zvolen, p. 87-95 (in Slovak).

Michanickl, A. 2007. Entwicklungen beim Holzeinsatz in der Holzwerk-
stoffindustrie [Recent developments for wood utilization in the
wood-based panel industry]. In: Kongress Rohholzmanagement
in Deutschland, Kongresszentrum Hannover, 22-23 March 2007,
26 pp. (in German).

PRELIMINARY RESULTS FROM A PLANTATION OF SEMI-ARID HYBRID OF /.../

25

KADLEC, J. ET AL.

Oxytree. 2016. Riast a vlastnosti Oxytree [Growth and properties
of Oxytree]. Available online at: https://www.youtube.com/
watch?v=S66L6CxISmM (accessed on: 10 November 2019)
(in Czech).

PaulowniaMoravia. 2013. Paulownia [Paulownia]. Available online at:
https://www.paulowniamoravia.cz/paulownia-tomentosa-cfi-bio-
mass/ (accessed on: 10 June 2018) (in Czech).

Sander, C., Eckstein, D., Kyncl, J. and Dobry, J. 1995. The growth of
spruce (Picea abies [L.] Karst) in the Krkono$e-(Giant) Mountains
as indicated by ring width and wood density. Annals of Forest Sci-
ence 52(5): 401-410.

Smiley, C.J. 1961. A Record of Paulownia in the Tertiary of North Amer-
ica. American Journal of Botany 48(2): 175—179.

Sixto, H., Hernandez, M.J., Barrio, M., Carrasco, J. and Caiiellas, 1.
2007. Plantaciones del género Populus para la produccion de bio-
masa con fines energéticos: revision [Populus genus for the bio-
mass production for energy use: a review]. Investigacion Agraria:
Sistemas y Recursos Forestales 16(3): 277-294 (in Spanish).

StatSoft. 2013. STATISTICA, an advanced analytics software pack-
age, version 12 (Cz). StatSoft Inc., Tulsa, Okla., USA. URL:
www.statsoft.com.

Stochmal, A., Moniuszko-Szajwaj, B., Szumacher-Strabel, M. and
Cieslak, A. 2018. Paulownia Clon in vitro 112: The tree of the fu-
ture. Nutrition and Food Sciences 8: 33 (21* World Congress on
Nutrition and Food Sciences, 09—10 July 2018 Sydney, Australia).
Available online at: https://www.longdom.org/conference-abstracts
-files/2155-9600-C4-063-005.pdf.

TGG. 2011. Paulownia: Technical Bulletin #1. Toad Gully Growers.
Available online at: https://www.doc-developpement-durable.org »
Paulownia (accessed on: 10 June 2019).

UCLM. 2013. Badanie wartosci gospodarczej odmian (VCU) testowanie
clon in vitro 112%. Hibrid Paulownia elongate x Paulownia fortune
[Examination of the economic value of varieties (VCU). The test-
ing of clon in vitro 112%. Hibrid Paulownia elongate x Paulownia
fortune]. Technical report (June 2013). Uniwersytet Castilla-La
Mancha (UCLM), Albacete, Hiszpania, 74 pp. (in Polish). Avail-
able online at: http://x-plus.pl/wp-content/uploads/oxytree-vcu_re-
port-PL.pdf (accessed on: 10 June 2019).

Uradnitek, L. 2013. Paulownia tomentosa [Paulownia tomentosa].
Lesnicka prace 5(13): 36—41 (in Czech).

Whiteman, C.D., Zhong, S., Shaw, W.J., Hubbe, J.M. and Bian, X.
2001. Cold pools in the Columbia Basin. Weather Forecast 16:
432-447.

Woods, V.B. 2008. Paulownia as a novel biomass crop for Northern
Ireland: a review of current knowledge. Occasional publication
No 7. AFBI, Global Research Unit, Newcastle upon Tyne, 56 pp.
Available online at: https://www.doc-developpement-durable.org/
file/Arbres-Bois-de-Rapport-Reforestation/FICHES  ARBRES/
Paulownia/Paulownia%20as%20a%20novel%20biomass%20
crop_Ireland.pdf.

Yadav, N.K., Vaidya, B.N., Henderson, K., Frost Lee,J., Stew-
art, W.M., Dhekney, S.A. and Joshee, N. 2013. A Review of
Paulownia Biotechnology: A Short Rotation, Fast Growing Mul-
tipurpose Bioenergy Tree. American Journal of Plant Sciences 4:
2070-2082.

Zhao-Hua, Z., Ching-Ju, Ch., Xin-Yu, L. and Xiong, Y.G. 1986. Pau-
lownia in China: cultivation and utilization. Paulownia Mission
Project. Asian Network for Biological Sciences, Singapore, and
International Development Research Centre, Ottawa, 74 pp. Avail-
able online at: https://paulowniamp.files.wordpress.com/2010/05/
paulownia-in-china.pdf (accessed on: 10 June 2019).



	3_BF_2021_27_1_id477_print

