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Abstract       The historical garden of the Roman Catholic Episcopal Palace in 
Oradea, Romania, was founded at the initiative of Bishop Pál Forgách. Knowing 
that secular magnolias are located in a relatively low number of national historical 
gardens, this species adds value to the garden landscape, notable every spring 
due to their spectacular inflorescences for which many visitors choose to come or 
come again annually during blooming, to witness to a true miracle of the plant 
world. According to the palace statistics, in April 2021, a record number of visitors 
of (30,303 people) came there. Following a complete analysis, tomography 
provides concrete information on the very good health status of the secular tree of 
Magnolia x soulangiana Soul. Bod. studied.   
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The historical garden of the Roman Catholic 

Episcopal Palace in Oradea, Romania, was founded at 
the initiative of Bishop Pál Forgách (1747-1757), 
which started the construction works of the most 
imposing Baroque cathedrals in the Carpathian area. In 
the space in front of the palace and of the cathedral, 
they arranged a Baroque landscape garden and, behind 
the residence, a Baroque Garden.  

The most beautiful and popular botanical 
species of the park are magnolias that bloom each 
spring along the main and northern façade of the 
palace. Magnolia x soulangiana Soul. Bod. is a hybrid 
with large pink flowers created in 1820 by French 
Botanist Étienne Soulange-Bodin [3].  

Magnolias, emblematic flowers of Oradea, the 
crownless queens of the garden that, when blooming in 
spring, turn the Baroque Palace into a place of 
pilgrimage for the inhabitants of Oradea and for 
tourists. It was obtained by hybridization between 
Magnolia denudata Desr. with white flowers and 
Magnolia liliflora Desr. with purple flowers [9; 12]. 

Knowing that specimens of magnolia are 
found in relatively low numbers in national historical 
gardens, these secular species add value to the garden 
landscape, being notable each spring due to their 
spectacular inflorescences for which many visitors 
choose to come or come again annually during the 
blooming to witness a true miracle of the plant world. 
According to the palace statistics, in April 2021, a 
record number of visitors – 30,303 people – was 
recorded. In the garden of the Roman Catholic 
Episcopal Palace in Oradea, four species of magnolias 
are found.  

The most valuable from a landscape point of 
view are Magnolia x soulangiana Soul. Bod. and 
Magnolia kobus D.C. due to the considerable 
dimensions acquired over the centuries. In 2019, 
another 6 specimens of Magnolia grandiflora L. were 
planted and, in 2021, another specimen of Magnolia 
stellate (Siebold & Zucc.) Max. Hence, the motivation 
to initiate a series of external examinations, 
phenotypic, and inside the stem using acoustic 
tomography. High-resolution imaging techniques have 
been developed using ultrasound tomograph in order to 
identify abnormalities inside the stem produced by 
mushroom attacks or insects in the trees [5].  

The formation of ecosystems on Earth 
depends largely on the existence of plants, knowing 
that the diversity of plants is lost with great rapidity 
resulting in a decrease in ecosystems [11].  

Wang et al. analysed the potential of acoustic 
tomography to detect inner degradation of Prunus 
serotina using the PiCUSW Sonic Tomograph [13]. 
Two red oak trees (Quercus rubra) in the Capitol Park 
in Madison, Wisconsin, were not destructively 
evaluated using an acoustic tomography technique 
[14].  

To identify cars or cavities inside the trees 
stem, acoustic tomography was used, and the elastic 
waves propagating during a tomographic measurement 
were viewed through numerical simulations [10]. Bertil 
et al. used a four-point resistivity method to detect 
rotting wood in trees [4]. The study of the biomass of 
the root system in coffee trees in plantations without 
sampling roots was made by the electric resistivity 
tomography method [8].  
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In order to identify the health status in the 
stems of two Platanus hybrid (Brot.) tree samples in 
the urban area, they compared the results obtained with 
three devices: ultrasound, georadar for cars detection 
compared to the traditional penetrometer [7].  

Gilbert et al. conducted a study on tree species 
with irregular forms from tropical forests in Panama, 
using a sonic tomograph Argus Electronic PiCUS 3 to 
identify inner degradation of trees [6].  

In the historical park in Yangzhou, Jiangsu 
Province, China, 147 trees of 33 species were analysed 
using different methods: visual inspection, acoustic 
tomography, GPR scanning, and resistance micro-drill 
[15].  

Arciniegas et al.’s article aims to present 
important aspects that must be taken into account when 
using tree tomography [1]. It has been established that, 
for the quality of tomographic images in living trees, it 
is very important the calculate acoustic velocity [2]. 

 
Material and Method 
 

Research in the field aims at analysing the 
health state of the species Magnolia x soulangiana 

Soul. Bod. from the historical garden of the Baroque 
Palace in Oradea, Romania. 

The biological material used for this research 
was one of the eight specimens of Magnolia x 
soulangiana Soul. Bod. planted at the beginning of the 
20th century and measuring about 8 m in height. 

The device with which inner trunk analyses 
were made in the Magnolia x soulangiana Soul. Bod. 
is the acoustic tomograph Fakopp Arborsonic Bt. It is 
composed of a complex equipment that is installed on 
the tree, allowing interpreting real-time data with the 
program created for this device. 

The analysis consists, in the first phase, in 
drawing up a radiograph with the help of the acoustic 
tomograph Fakopp Arborsonic Bt., which detects the 
inner health of the trunk of the specimen chosen – 
Magnolia x soulangiana Soul. Bod. 

The tomograph is a system that measures the 
speed of the sound through the wood stem. 

The software (Figure 1) calculates all data 
recorded in a complete test and generates an image 
called tomogram. Subsequently, one can interpret the 
image of the tomographic results taking into account 
the tree analysed and the factors of the survey 
(geographical position, age, anthropic factor 
involvement) and create a final report. 

 

 
Fig. 1. The first page of the software with the options for Magnolia x soulangiana Soul. Bod. 

(Original photo 2021). 
 

The sensors inserted are 6 cm long. The 
sensors were connected to the amplification boxes and 
the cables so as to form the analysis network. The last 
cable was connected to the main amplifier linked to the 
laptop so that the process starts. 

Radiation is generated using the steel hammer 
(Figure 2) and performing lightweight on the metal 
surface of the sensors. If there is no inner obstacle, the 
radiation will move in a short time to the other 7 
sensors.
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Fig. 2. Generation of radiation with a hammer 

(Original) 
 
If there is an obstacle, the sound will remove it 

resulting in an increase in time. On average, the 
corresponding time for healthy species must be less 
than 35 microseconds. For the specimen of Magnolia x 
soulangiana Soul. Bod. analysed, the timeframe was 
consistent between 2-3 microseconds (Figure 3). 

 

 
Fig. 3. Timeframe in which the sound waves reached 

each sensor at the first and at the second layer, 
respectively, measured in Magnolia x soulangiana 

Soul. Bod. 
  

 
 

The first measuring layer (Figure 4) analysed 
in this specimen was made at a height of 140 cm, 
having a circumference of 114 cm. 
 

 
Fig. 4. Tomogram obtained on the first measurement 

layer in a 2D representation in Magnolia x soulangiana 
Soul. Bod. at the height of 140 cm  

(Original) 
 

The second measuring layer (Figure 5) 
analysed in this specimen was performed at a lower 
height of only 100 cm, having a circumference of 120 
cm. 
 

 
Fig. 5. Tomogram obtained on the second measurement 
layer in a 2D representation in Magnolia x soulangiana 

Soul. Bod. at the height of 100 cm  
(Original) 

 
The colours of the pictures obtained by the 

tomograph helps understanding the inner state of these 
species. There is an explanatory band of the software 
indicating the ratio between the inner state of the 
analysed specimen and the colour indicating the 
position and severity of the inner ratio of the 
tomograph. (Fig. 6 and 7). Dark green is for perfect 
health, light blue is for naked or rotten areas. As for the 
yellow band indicated by the position of sensors 1-8 
and 4-5 of the analysed specimen, it indicated minor 
health problems. 
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Fig. 6: First layer of Magnolia x soulangiana Soul. 
Bod. at 140 cm, detailed representation, the yellow 

colour indicates the position and severity of the 
existing inner problem. 

(Original) 
 

 
Fig. 7. The second layer of Magnolia x soulangiana 

Soul. Bod. at 100 cm, detailed representation, the 
yellow colour indicates the position and severity of the 

existing inner problem. 
(Original) 

 
Results and Discussions 
 

The final result of the analyses carried out 
show that physical-geographic factors present in this 
area impact the specimen of Magnolia x soulangiana 
Soul. Bod. studied. 

Physical-geographic factors include: 
- Wind type and velocity, temperature, crown – area, 

size; 
- Trunk: angle and direction of incline; 
- Shaft: power exerted by the wind, central height 

(central point); 
- Layers: start name, measurement height, 

decomposed rate, risk rate; 
- Details of the selected layer: safety rate, 

decomposition rate, shaft weight above the 
measured layer, total weight (approximate). 

The results presented (Figure 8) following the 
measurements made on Magnolia x soulangiana 
Soul. Bod. are the following: 

- Wind: type – European EN1991; 
- Area: urban; 
- Wind velocity: 26.0 m/s, dry air temperature: 9°C; 
- Crown: shape: drawn, area: 39.07 m2; 
- Maximum height: 8.66 m, central height: 6.68 m, 

the lower point of the crown: 1.85 m; 
- Trunk: shape was manually defined (drawn), angle 

of incline: 77%, direction of incline: west; 
- Shaft: wind power: 5206 N (Newton), Central 

Point: 6.29 M, Resistance Factor: 0.25; 
Yield resistance: 17 MPa (megapascal). 

 

 
Fig. 8. Final report in Magnolia x soulangiana Soul. Bod. measured with acoustic tomography 

(Original) 
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Table 1. Layers analysed in Magnolia x soulangiana Soul. Bod. 
Layer name Measurement height Decomposition rate Safety rate Risk rate 

1st layer 140 cm 0% 881% Low 
2nd layer 100 cm 0% 327% Low 

 
Selected layer details: Safety rate – 327%, 

Risk rate – Low, Broken area – 0%, Weight of the shaft 
above the measured layer – 368 kg, Torque change in 
the measured area – 27550 n’’m. 
 
Conclusions 
 

The species of Magnolia x soulangiana Soul. 
Bod. from the historical garden of the Baroque Palace 
in Oradea, Romania, have become a real place of 
pilgrimage, attracting tens of thousands of visitors 
annually wishing to witness the flowers of these 
wonderful secular trees. 

These hybrid trees have been successfully 
acclimated over the 20th century and future generations 
will be responsible for analysing and monitoring them. 

Therefore, in the historical garden of the 
Baroque Palace in Oradea, tomographic analyses were 
carried out on most valuable species in the landscape. 

2D images and good timeframes obtained by 
acoustic tomography using ultrasounds obtained using 
sensors and amplifiers attached to the different heights 
of the standing shaft stem, provide correct information 
on its health, without being subjected to other less 
invasive methods. 
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