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Abstract: The mission of botanical gardens is to work towards the conservation and sustainable use of
plant diversity. In the case of gardens established on the premises of former manor estates, actions are
also being taken to properly manage existing natural resources, e.g., historic tree stands. This article
is based on the case study of the Botanical Garden in Lublin. To assess the health condition of the
trees growing in the oldest part of the park—Kosciuszko Redoubt—sonic tomography examinations
were performed. The article presents the practical application of a newer form of digital imaging, put
to the service of assessing the health of old trees in an important public space. The Redoubt is the
only work of defense architecture in Poland related to the activity of General Tadeusz Kosciuszko, the
hero of Poland and the United States of America. It has survived in an excellent condition, preserved
without significant changes, as an earth structure with ramparts; an interior, i.e., a yard; a cannon post
located on an inaccessible cliff; and a brick basement serving as a shelter for soldiers and a warehouse.
The entire surroundings also survived: ravines masked with a wild green, embankments with a safe
hidden access road to the Redoubt, and a shaped defense line. The Botanical Garden area is located in
the Stawinek district, in the valley of the Czechéwka River, and includes a fragment of it and the slope
adjacent to the west, cut by three loess ravines. The Botanical Garden was established in 1965, where
there was a manor farm earlier, and then in the 19th century, a spa that was destroyed during World
War I and II. Good soils and a varied microclimate provide the right ecological conditions for the
high biodiversity of plants. With an area of 21.15 ha, the Garden area has the character of a landscape
park with the theme of a manor garden from the turn of the 18th/19th century and a spa garden.
The primary purpose of the work was to investigate the effectiveness of the use of computer tools
in the sustainable management of historical greenery in the Botanical Garden. Research has shown
that diagnostics with the use of sound waves allow for an accurate diagnosis and quick protective
measures against the tree, improving the safety of visitors to the botanical garden. Moreover, the
obtained results and a historical query were used to prepare an application to recognize Redoubt as

a monument.

Keywords: sustainable management of greenery; city; sound tomography; Picus Sonic 3; natural
monument; Lublin; UMCS botanical garden

1. Introduction

The Botanical Garden is an institution that conducts scientific activity within the
scope of its duties, protects endangered species, and cares for preserving biodiversity.
Each Garden is different due to its history, habitat conditions, guiding principles, and
composition. For example, the area now occupied by the UMCS Botanical Garden was
a health resort, and before that, a manor park. The oldest parts of the Garden are the
Kosciuszko Redoubt and the linden alley leading to the manor. Considering historic
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trees, continuous, ongoing care, and keeping them in good condition while maintaining
appropriate conservation standards, are particularly important factors [1-5]. Thanks to
using a sonic tomograph, old specimens of trees growing here were diagnosed, and then
measures were taken to protect, preserve, and inhibit the processes of their destruction.
Based on the obtained research results and the conducted historical analyzes, this area was
entered into the Lublin register of monuments.

Older trees are an important part of a self-sufficient natural environment (mixed
aged forest), and this technology supports sustainable development. Good practice in
managing a botanical garden requires taking into account the real risk posed by historical
tree specimens and adequately assessing the risks. Parks with an old tree stand are a
substitute for the forest in the urban landscape. Although their species composition differs
from the structure of a typical forest, they fulfill many environmental functions, e.g., they
are elements of ecological sequences, thanks to which it is possible to migrate organisms
between biotopes and ecological niches isolated by civilization. Moreover, historical green
complexes often represent the mainstream of landscape parks. A landscape park is a space
built, among others, by grassy surfaces, irregular and free forms of woody vegetation, and
natural water elements (ponds and streams). Sometimes, the garden spreads out into a
distant landscape.

In botanic gardens, there are occasions in which individual trees can fail under the
influence of high wind loads and cause inconvenience and pose a danger to people and
property. A part of these parks comprises thousands of mature trees that can be found
growing along roadsides, squares, or cafes. Consideration of hazard tree risks can inform
broader decisions on long-term vegetation management to enable a functioning, healthy,
and safe urban environment for future users of roads and recreation areas [6-9]. Care of vet-
eran trees includes cuts to remove deadwood branches, cuts of crowns limiting their weight
and volume, and the installation of bindings and elastic protections. Conservation also
includes the management of natural monuments. The routine inspection in detail should
be developed not only through visual assessment but also monitoring using recommended
technology to assure the entire condition of the tree [10]. It is impossible to eliminate all risk
associated with trees. Nonetheless, the science of tree stability analysis makes an important
contribution to not only public safety but also our enjoyment of trees by providing, if not a
perfect, at least an improved method to measure tree stability, thus increasing our comfort
level in the urban [11-13]. The examination of trees with the use of computed tomography
allows one to look inside the trunk and to assess the structural changes of the wood much
better. This allows one to determine the condition of the trees more precisely and prevent
their cutting down where it is unnecessary. As a result of the study, accurate information is
obtained on the size and location of rot, scum, and other defects affecting the stability of the
tree. The condition of the tree can be accurately assessed, which was once impossible and
sometimes ended with too hasty logging. The presented research can be called innovative
because it is one of the first sonic tomograph tests of trees in Lublin.

This manuscript summarizes the process by which large trees are protected in Botani-
cal Garden in Lublin, how they gain protected status, and the use of acoustic tomography to
assess the structural soundness of five trees. The authors discuss tree stresses and tree care
options, and how the outcome of each assessment was used in the decision making process.

Historical Outline of the Object

At the end of the 18th century, Stawinek was a village belonging to the Firlej family,
who came from nearby Dabrowica. The property was lying on the Warsaw-Lublin road, on
the Czechéwka River, flowing into Bystrzyca. This place was associated with the remains
of a mysterious castle. There was a manor house and a small farm in Stawinek. In the
second half of the 18th century, the property was owned by Jan Nepomucen Kosciuszko,
starost of Krzemieniec, uncle of Tadeusz Kosciuszko—the initiator of the insurrection in
1794 [14]. The first arrival and stay of Tadeusz Ko$ciuszko in Lublin lasted from 1774 to
1775 [15,16]. According to legend, Tadeusz personally planted a linden tree for his uncle.
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The tree marked the central alley leading from the main gate and the Czechowka river to
the manor house. It can be assumed with a high degree of probability that the Redoubt
in Stawinek was established in the spring of 1792. It can be assumed that the idea was
conceived as early as 1790 when T. Ko$ciuszko was appointed commander of the Lublin
garrison and made many efforts to improve the city’s defenses [17,18].

According to the Universal Encyclopedia of Orgelbrand from 1866 [19], a redoubt
in the Old Polish sense is: “A field fortification, in the shape of a square or rectangle,
with an embankment and moats, with a different number of cannons and the necessary
crew.” According to Meciszewski (1825) [20]: “a redoubt is a closed rampart, usually four-
sided, convex towards the enemy.” The internal space of the Redoubt is a “settlement” for
shooting soldiers in two rows; the first “shooter”, the second “weapon loader.”

The Redoubt in Stawinek was situated on an important communication route from
Ruthenia, running through Lublin to Warsaw. Its task was to stop the possible march of
enemy troops towards the capital. It is through the valley of the Czechdwka river, through
today’s streets—Pdtnocna, Biernacki, Ruska, Kalinowszczyzna, and Stomiany Rynek to the
bridge over the Bystrzyca river near the “Papiernia” mill—where Czechéwka flows into
Bystrzyca. During past wars the highest location in the area was chosen for the construction
of the Redoubt, in hard-to-reach terrain, among winding ravines. There was also an
additional obstacle in the form of a wide water reservoir and a significantly narrowed
wet valley. The Redoubt in Stawinek did not participate in the hostilities, although it was
well-prepared for them. Thus, it has survived in the quiet of a park between an old Polish
manor and a farm until our times and, most importantly, without significant changes or
severe damage during past wars [17,18]. The Redoubt in Stawinek is the only work of
defense architecture in Poland related to Kosciuszko’s activity.

At the end of the 18th or the beginning of the 19th century, Stawinek became the
property of Jan Dawid Heyzler, a Lublin banker. In 1819, Pawet Wagner became the
owner of the Stawin estate. Following the example of Naleczow, he established a suburban
bathhouse on the estate for the residents of Lublin. In 1859, the Wagner brothers and their
sister Julia Medrkiewicz became the new owners of Stawinek. In 1860, the small baths were
turned into a bathing establishment used by the inhabitants of the Lublin Governorate and
the entire Kingdom of Poland. In 1879, the health resort and the manor house became the
property of Stanistaw Medrkiewicz, who tried to develop a bathing facility and a park. At
that time, the park and bathrooms were tidied up, and a few houses for patients and a large
restaurant were built. The best years of the bathing establishment in Stawinek were at the
beginning of the 1880s. At the end of the decade, however, it began to decline. In 1896, the
restaurant and the dance hall burned down. The Austrian army, which took Lublin in 1915,
also destroyed it. Despite the destruction, Stawinkowski Park was still decorated with
old trees, lilies blooming on two ponds, and a wooden bridge over the Czechéwka river.
During World War II, most of the trees were cut down. The Germans took over Stawinek
and built a restaurant, “Lindenhorst”, in the park, which was converted into a children’s
camp after the war. The last owner of the Treatment Plant in Stawinek was Zofia Rudnicka
née Medrkiewicz, daughter of Jan—the owner of Stawinek in the interwar period. In 1946,
Stawinek was included in the agrarian reform, and its lands were parceled out [21]. In 1950,
the Maria Curie-Sklodowska University bought from Zofia Rudnicka née Medrkiewicz a
remnant with the manor, allocating the area for the planned Botanical Garden.

Currently, the area of 21.25 ha is divided into 12 divisions: Department of Tuberous
and Bulbous Plants, Department of Dendrology (Arboretum), Department of South and
South-Eastern European Plants, Biblical Plants, Department of Polish Flora, Department
of Mountain Plants (Alpinarium), Department of Plants Ornamental Plants, Rosarium,
Department of Plant Systematics, Department of Tropical and Subtropical Plants, Depart-
ment of Utility Plants, and Department of Aquatic and Swamp Plants. The Garden’s
collections include over 1600 species of trees and shrubs, including over 3300 herbaceous
plants growing in the ground and approximately 1600 species of greenhouse plants. There
are also 106 trees over 100 years old in the park. Thus, the UMCS Botanical Garden is the
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largest park in Lublin with a historic tree stand and a facility that pursues scientific and
didactic goals for employees and students of Lublin universities.

2. Materials and Methods

The primary purpose of the work was to investigate the effectiveness of the use of
computer tools in the sustainable management of historical greenery in a botanical garden.

The field research consisted of a detailed dendrological inventory of the Kosciuszko
Redoubt and linden alley in the UMCS Botanical Garden in Lublin. The work uses quanti-
tative and qualitative data processing methods. The numerical parameters characterizing
the objects were determined—circumference [m], crown reach [m], and tree height [m].
The location of selected trees was determined based on GPS positioning. The trunk’s
circumference was measured at the height of 130 cm above the ground with a tape measure
with an accuracy of 1 cm. The crown projection diameter was measured with a Leica
DISTO D5 rangefinder and the height of trees with a Nikon Forestry Pro altimeter. The
analysis of the estimated age of the trees was based on the Majdecki age of the trees table
(1980-1986) [22]. Safety of use of Reduta is very important and requires the use of technical
tools of technicians. Five trees in the worst health condition were selected for CT examina-
tions: two small-leaved lindens, two Norway maples, and one Canadian poplar. The trees
showed visible signs of weakness (deadwood, small leaves, and falling bark).

The diagnostics of the inside of tree trunks with the use of tomography, which uses
sound waves for analysis, allows one to visualize the health condition of their internal
structure in terms of detecting rotting, voids, or scrub without the need to perform invasive
overhangs [23,24]. When analyzing the results obtained with the tomograph, special
attention should be paid to the image’s color, which determines the wood density map. In
the tomogram, which is the result of the study, individual colors indicate different speeds
of sound propagation inside the trunk depending on the elasticity and density of the wood.

The analysis begins with tapping the trunk with a rubber hammer in order to deter-
mine the specific sound effects, which allows one to determine the level of the measurement
points. Then, at the designated height, measurement pins are placed to attach the sensors
responsible for receiving sound waves. Usually, 5 to 24 measuring points are assumed to be
spaced apart by certain values. The number of points placed depends on the circumference
and shape of the tree trunk (Figure 1).

Figure 1. CT scanner sonic located on a tree trunk (W. Durlak, 2021).

The next step is to measure the tree trunk geometry, which is assessed at the mea-
surement level. In order to accurately reproduce its shape, an electronic caliper—Picus
Calliper—is used, which, after the measurement, wirelessly transmits data to the central
unit of the tomograph, where it is read on the screen (Figure 2). The disadvantage of the
caliper is its limited span (max 1.5 m), which makes it impossible to measure trees with
significant trunk circumferences.
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Figure 2. Measurement of the geometry of the tree trunk using calipers Picus Calliper (M. Dudkiewicz, 2021).

Then, a sonic measurement is made using a radio hammer. With its help, a sound
pulse is generated at each subsequent measuring point, which is received by the sensors.
During the generation of the wave, sensors record the time of receiving the signal. This
stage is crucial, because then a visualization is created, showing the inside of the trunk
(tomogram) with the exact size and location of the defect at a given height. The stage of
acoustic diagnosis resembles the work of a woodpecker, hence the name. The image shown
on a tomogram is usually relatively easy to interpret. The color shade from light brown to
black corresponds to the speed of sound from 60% to 100%, which is equivalent to a living
and healthy wood tissue. Different shades of green match the speed of the sound wave
from 40% to 60%, which means a slight deterioration of the wood structure. Pink defines
the sound range from 20% to 40%, and the color shade from white to blue corresponds to
the sound range from 0 to 20%. The yellow lines on the cross-section of the trunk suggest
the appearance of internal cracks, which are extremely dangerous because often, on the
outside, there are no obvious visible symptoms that could confirm this [25,26]. The thicker
the line, the greater the risk of this happening. On the other hand, the red line in the
tomogram indicates the limit wall thickness, which allows one to determine the minimum
mechanical strength of the tree trunk. Such data helps calculate the so-called t/R ratio, i.e.,
the ratio of healthy wood (t) to the radius of the tree trunk (R). According to the available
literature, the t/R ratio should not be lower than 0.33, and in the case of trees with closed
cavities, even 0.3 [27-30]. Any values below this limit increase the risk of the tree breaking
at the least expected moment.

3. Results
3.1. The Existing Condition of the Redoubt

Over the years, the earth’s embankments were covered with old linden and maple
trees (Figures 3 and 4). The internal slopes of the Patacéwka are an exhibition for shrubs,
i.e., yews, spireas, lilacs, and flower beds in the style of a manor garden (Figure 5). In the
northeast, at the corner of the embankments, there is a terrace with a view to the city, and
at its foot, the Heather Hut café. The historic road to a nearby manor across the Czechéwka
river along the linden avenue (Figure 6).
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Figure 5. Decorative plantings in the former yard (courtyard of the redoubt) (photo by M.Dudkiewicz, 2021).
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Figure 6. View of the linden avenue (photo by M.Dudkiewicz, 2021).

From the beginning of the central alley on the west side to the end of the escarpment
on the east side, the fortifications measure approximately 120 m. The width of the embank-
ments is about 15 m, and the width of the entire rampart is 80 m. The embankments are
about 3 m high, and on the eastern side, it ends a high escarpment, beneath which there
is a café. The dikes were probably higher in the past, but part of the ground drained off
with rainwater.

From oral records of the former employees of the Garden, we learn about the under-
ground passageways that used to exist here, which could be accessed even in the mid-
twentieth century. Unfortunately, due to safety reasons, the tunnels were probably buried.

3.2. Results of the Dendrological Inventory

Two hundred eighty-three plants were inventoried in the Redoubt area, including
trees, shrubs, groups of shrubs, and creepers. The number of trees is dominated by Norway
maple (Acer platanoides L.) 28 pcs, small-leaved lime (Tilia cordata Mill.) 25 pcs, and common
ash (Fraxinus excelsior L.) 6 pcs. In the alley leading to the manor house, there are 32 small-
leaved lindens (Tilia cordata Mill.), nine common ash (Fraxinus excelsior L.), two common
maples (Acer platanoides L.), two pedunculate oaks (Quercus robur L.), and a brittle willow
(Salix fragilis L.). Five trees from the Redoubt in questionable health were subjected to
specialist sonic tomography examinations (Table 1).

Table 1. Data from inventoried trees (authors).

The Circumference of

No. Species Name the Trunk at the Hight (m) Crown Reach (m) Age Localization
Height of 1.3 m (cm)
Small-leaved lime 51°15'42” N
1 (Tilia cordata Mill.) 264 15 ? 116 22°30'50” E
Small-leaved lime 51°15'42” N
2 (Tilia cordata Mill.) 313 16 66 137 22°30'50” E
Norway maple 51°15'40” N
3 Acer platanoides L. 270 2 » 142 22°30'52" E
p
Norway maple 51°15'40” N
4 (Acer platanoides L.) 230 24 13 121 22°30'51” E
. o / ”
5 Canadian Poplar 322 o7 25 121 51°15'40" N

(Populus canadensis L.)

22°30'49” E
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Detailed metric data of trees are presented in Table 1.

3.3. The Result of the Tomograph Examination
3.3.1. Object # 1—Small-Leaved Lime Tilia cordata Mill.

After analyzing the results of the tomographic examination, the beginnings of decom-
position of the core part of the tree trunk were found (Figure 7). The destruction covers
an area of approximately 650 cm? (31cm x 21 cm) on a cross-sectional area. This area
is marked in blue and purple on the tomogram. There is also a layer of wood with a
weakened structure, marked green (the so-called transition wood, with a slightly lower
mechanical strength). The remaining part of the trunk’s cross-section is healthy wood. After
an in-depth analysis, it was shown that the technically sound (healthy) wood, in this case,
occupies 76% of the trunk cross-section, which is suggested by the brown color of various
shades. Damaged wood, in turn, covers 11% of the trunk cross-section, and transitional
wood covers the remaining 13% of the examined area. In the attached tomogram between
measuring points 9-10 and 7-8, thin yellow lines suggest radial cracks. However, their
thickness suggests a low risk of splitting the trunk. The minimum remaining wall thickness
as the safety limit against trunk fracture (red line) for this tree is, on average, 12.7 cm. Thus,
the stock of healthy wood surfaces is sufficient. Visually, the shape of the tree is satisfactory
(Figure 8).

L —

v:100% Zdrowe drewno: 76 % Uszkodzenie: 11 % vi62%

www.PiCUS-info.com

Figure 7. Tomogram of the inside of the small-leaved lime trunk inv. No. 1 (by W. Durlak).

3.3.2. Object # 2—Small-Leaved Lime Tilia cordata Mill.

The processes of tissue decomposition in the examined tree are advanced and cover
practically the entire cross-section of the trunk. Damaged wood constitutes 85% and healthy
wood only 8% of this cross-section. The remaining area is made up of transitional wood
(7%). The geometric moment of inertia calculated for different directions for the trunk
cross-section has a very low value, which indicates a high risk of trunk fracture (Figure 9).
However, these calculations only consider the geometry of the trunk at the level of the
measurement made. However, you still have to consider the properties of the wood itself
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(regular wood or so-called reaction wood), which may affect the final measurement result.
The thick yellow lines on the tomogram also suggest a high risk of internal fractures. The
minimum wall thickness (marked with a red line) considered safe should be, on average,
over 16 cm. In this case, the preserved wall does not reach even 1/3 of the safe limit. The
green line indicates the remaining residual wall thickness needed to prevent the tree trunk
from breaking. The remaining wall has an average thickness of 4.4 cm, but it does not
appear around the entire circumference of the trunk, only on a few of its fragments. The
progressive destructive processes inside the trunk resulted in irreversible changes in the
wood tissues, which resulted in a poor prognosis for the tree’s survival. As the tree is away
from pedestrian communication routes and does not pose a significant threat to the area
users, it is suggested to keep it despite significant damage to the trunk. However, for safety,
a portion of the top of the crown should be removed. It will lower the center of gravity and
improve the statics of the entire tree (Figure 10).

Figure 8. Small-leaved lime inv. No. 1 (photo by M. Dudkiewicz).

I S S S
v:100% Zdrowe drewno: 8 % Uszkodzenie: 85 % v:50%
12

www.PiCUS-info.com

Figure 9. Tomogram of the inside of the small-leaved lime trunk inv. No. 2 (by W. Durlak).
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Figure 10. Small-leaved lime inv. No. 2 (photo by M. Dudkiewicz).

3.3.3. Object # 3—Norway Maple Acer platanoides L.

In the examined tree, tissue destruction was found at the height of the measurement
(Figure 11). Healthy wood takes 27% and damaged wood 39% of the trunk cross-section.
The remaining area is transitional wood (34%). On the north side, between points 1 and 12,
there is considerable damage to the trunk’s interior, measuring 45 cm x 14 cm (630 cm?)
at the site of V-forked branches. It is also confirmed on the tomogram by a yellow line
that is thicker than the others. The calculated geometric moment of inertia for the trunk
cross-section of this tree ranges from 29.5% (South-West side) to 87% (South-East side) of
the maximum strength for the stem free from defects or damage. Therefore, the minimum
wall thickness considered as safe should be on average 12.5 cm. In this case, this value
was recorded on the eastern side of the trunk. Estimating the minimum residual wall
thickness that prevents the tree trunk from breaking and after considering all the necessary
data, the required residual load capacity of the trunk (bending strength) calculated by the
Tree SA method should be at least 71% (relating to the undamaged trunk), while based
on tomographic measurements, the percentage of technically sound wood is much lower
and amounts to only 27%. Process of decomposition of tissues inside the tree trunk will
certainly accelerate over the years depending on the prevailing conditions, which will
result in the transformation of the transition wood into damaged wood and, as a result,
deterioration of the health condition of the tree. Such a situation forces the monitoring.
Visually, the shape of the tree is satisfactory (Figure 12).

3.3.4. Object # 4—Norway Maple Acer platanoides L.

The examined tree showed an excellent condition of its trunk interior. The entire
cross-section of the trunk at the measurement’s height was characterized by 100% healthy
wood (Figure 13). Only a tiny, thin, yellow line may suggest the possibility of internal
cracks, but at the moment, it does not pose a significant threat to the safety of potential
users of the site. Visually, the shape of the tree is satisfactory (Figure 14).
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v:100% Zdrowe drewno: 27 % Uszkodzenie: 39 % v:50%
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Figure 11. Tomogram of the inside of theNorway maple trunk inv. No. 3 (by W. Durlak).

Figure 12. Norway maple inv. No. 3 (photo by M. Dudkiewicz).
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Figure 14. Norway maple inv. No. 4 (photo by M. Dudkiewicz).

3.3.5. Object # 5—Canadian Poplar Populus canadensis L.

After analyzing the results of the tomographic examination, 99% of the inside of the
tree trunk is found to be healthy. The remaining 1% is taken up by transitional wood.
However, no damaged wood is found (Figure 15). Few fragments of the trunk cross-section,
including wood with a slightly weakened structure, appear only in the form of point areas
located in the north, south, and south-east parts of the trunk’s circumference and do not
play any role in the trunk health of the tree. Visually, the tree shape is correct (Figure 16).



Sustainability 2021, 13, 9451

13 0f 18

Figure 15. Tomogram of the inside of the Canadian Poplartrunk inv. No. 5 (by W. Durlak).

Figure 16. Canadian Poplar inv. No. 5 (photo by M. Dudkiewicz).

3.4. Characteristics of Threats to Monumental Trees

As already mentioned, the area of the present Botanical Garden occupies the area of
the former manor complex. The trees grow here on an area of 20 ha, in very good habitat
conditions. The health status of the five selected specimens was primarily influenced by
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the passage of time (Table 2). Currently, these trees are about 120 years old. The five
trees selected for the study are in a disturbing condition, e.g., deadwood. However, CT
examinations in only three trees confirmed disturbing changes in the internal trunk. Two

more trees only require maintenance pruning.

Table 2. Results of dendrological expertise and factors damaging monumental trees (by authors).

No. Species Name Damaged Wood Recommendation Causes of Destruction
1 Small-leaved lime 34% monitoring twice a year age
(Tiliacordata Mill.) ? 8 y &
5 Small-leaved lime 859 monitoring twice a year age
(Tiliacordata Mill.) ? leaving as a veteran tree 8
Norway maple o o .
3 (Acer platanoides L.) 39% monitoring twice a year age
Norway maple o oo . o\
4 (Acer platanoides L.) 0% monitoring once a year tree in good condition
5 Canadian Poplar 1% monitoring once a year tree in good condition

(Populus canadensis L.)

4. Discussion—Tomograph as a Tool Supporting the Management of
Historical Greenery

The safety of Redoubt users is crucial and requires the use of precise diagnostic
techniques to detect structural changes inside tree trunks. Visual tree assessment (VTA)
is still the starting point for such studies [31-33]. However, internal defects of tree trunks
often remain invisible to the naked eye [34]. For many years, the only available instrument
for a detailed assessment of the inner wood structure of a growing tree was the Pressler
drill. However, this method requires intervention in the internal tissues of the tree. Its use
in the case of precious historic trees is controversial [35]. The most appropriate methods are
those that minimize the destructive impact of research methods on a tree, such as acoustic
tomography with the use of Picus tools. Compared to other methods, sonic tomography is
very effective, even in the early stages of wood decomposition [36].

Many research teams have confirmed the effectiveness of sonic tomography in detect-
ing tree decay [37-46]. At the beginning of the 21st century, research was conducted on
the health condition of urban trees using various research methods (electrical and sonic
tomography and GPR), achieving various degrees of success in them. Among the methods
used, sonic tomography turned out to be the most effective tool for detecting internal tissue
decomposition, which, according to the authors, is the most accurate in locating anomalies
and estimating their dimensions and shapes. Gilbert and Smiley (2004) [37], who also
assessed the effectiveness of this method, stated that the average accuracy of the device
is 89%. Rapid prevention of degradation of the protected specimen and arboricultural
work to maintain the tree in a proper condition (e.g., proper pruning, lowering the crown)
contributes to preserving the rich biodiversity of the botanical garden. The studies of
subsequent teams of scientists concern the impact of the number of sensors on the accuracy
of measurement, the use of a device to assess the health condition of tree trunks of unusual
sizes, or the assessment of the time needed for measurement and proposing an optimal
workflow. The authors of this study conducted research on the use of Picus Sonic 3 in the
process of revalorization of the surroundings of historic churches, as well as roadside alleys
and palace and park complexes. The need for such research results from the demand of the
Polish community of conservators and architects for new methods and tools supporting
the shaping of space. The research confirmed the legitimacy of the use of the selected
method and the correct selection of tools appropriate for the study of cultural heritage and
regional architecture. The collected data constituted an information base on the resources
of the stand and served as the basis for the development of projects for the revalorization of
objects [47-52]. This was the first time that a similar study was used in a botanical garden.
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5. Conclusions

Based on the above research, it was possible to confirm the preliminary assumption
that sound tomography can be a critical element in the sustainable management of historical
greenery in botanical gardens. Historic trees contribute to the preservation of the natural,
cultural, and biodiversity of the Garden. They are a habitat for many insects, birds, small
mammals, bees, and wild bees. The applied method of tree health condition assessment
using sonic tomography is an innovative research technique enabling non-invasive analysis
of the internal tree trunk structures. Visual assessment is still the basis for such tests;
however, internal defects in tree trunks often do not give visible external symptoms. The
non-invasive detection of wood damage inside the trunk using the Picus Sonic 3 tomograph
is entirely safe for the examined tree. Thanks to tomography, trees classified as potentially
threatening to safety are designated for observation or nursing treatments correcting their
statics, removing potential threats, or strengthening branches and branches with various
types of bonds. The correction of the tree conformation is achieved by skillful cuts that
reduce the crown’s weight or mechanical reinforcements and supports. However, it does
not remove the cause of the hazard but protects the tree against falling for some time.
The results of the diagnoses are presented on an ongoing basis, which means that we can
assess the condition of the tree in the field. A significant advantage is also obtaining a
visualization of the entire cross-section of the trunk. An additional advantage is the ability
to calculate, among others, the coefficient determining the mechanical strength of the trunk
(t/R), i.e., the ratio of healthy wood (t) to the radius of the tree trunk (R) and the geometric
moment of inertia, which then allows one to estimate the strength of the trunk fracture,
and the GPS location, which is automatically saved in the device.

The Lublin Botanical Garden conducts research in the field of plant ecology and
physiology. Activities are focused on the problems of biodiversity protection in the plant
world. In the Botanical Garden, methods of reproduction and preservation of various
species of endangered and dying plants in the Lublin region are being developed. The
next group of activities is directly related to the management of the existing greenery of
the Botanical Garden. Inventory and tomograph examinations made it possible to select
trees for care and conservation works in the Reduta area. All actions taken in the matter
of the park should be based on the Environment Protection Act dated 27 April 2001 [53],
which—according to Art. 3 points 5015—is understood as socio-economic development
in which the process of integrating political, economic, and social activities takes place,
while maintaining the natural balance and durability of basic natural processes, in order to
guarantee the possibility of satisfying the basic needs of individual communities or citizens
of both the modern generation and future generations. Thus, this research made it possible
to assess the health condition of trees and to promote the park, which was enriched with
a facility under the protection of the Provincial Conservator of Monuments. Reduta has
become a new tourist attraction of the city.

Based on the research results on trees, maintenance works were carried out, and the
Redoubt was entered into the Lublin register of monuments. Thanks to its high aesthetic
values, the object is an attractive and safe area for sightseeing and recreation.
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