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The impact of litter forest fires on the internal structure of wood from stem
of beech trees
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ABSTRACT

Forest fires represent an increasing threat to biodiversity and of course to trees, including the quality of
wood inside the trees left in the forest after the fire. Due to the significant ecological and economic
losses, the present research aimed to evaluate the internal quality of the wood inside the trunk of beech
trees left after a litter fire. The fire occurred in 2019 and damaged many trees. Most of the affected trees
were extracted from the stand, where only those that did not show external signs from the fire remained.
From these were chosen the trees on which the field investigations were carried out. Both non-
destructive and relative non-destructive evaluation methods were used to assess the internal quality of
the wood, more precisely, analyses were carried out with the Arbotom sound tomograph and the IML
Resi F-500 resistograph. After interpreting the results and comparing the tomograms with the
resistograms, it was observed that, in most of the trees studied, the fire of 2019 had no negative effects,
the wood inside the trunk showing no signs of internal decay or relatively low signs of decay. So, it can
be appreciated that the trees existing at the moment in the burned plot can continue to exist in good
conditions, not having damaged wood.

INTRODUCTION

The beech stands are ecosystems with a special weight in Romania's forest landscape. In the beech
stands, higher values are recorded in terms of the average diameter at the breast height, which is why
the cumulative volume of the trees, which can be extracted through harvesting, increases as the age
increases (Campu, 2010; Campu and Dumitrache, 2015) and represents, for all production classes, 25%
of the total volume of the stand at the age of 50 years, respectively 38% of the volume of the stand at
the age of 100 years.

The quality of wood represents its ability to ensure the optimal characteristics of the products it is
transformed into, through its structural, physical, mechanical, chemical, and technological properties,
but taking into account that there is a variable relationship between them, the notion of quality is a
relative one (Ciubotaru and David 2011). The quality of wood is influenced by defects, which represent
anomalies (David and Ciubotaru 2011) regarding the shape of the trunk, the structure, the integrity of
the tissues, and the chemical composition, as well as structural deformations that modify its properties,
affecting, as a rule, its quality in a negative way and which, consequently, limit its processing and use
possibilities (Ciubotaru 1998). One of the main defects that lead to the downgrading of wood is rotting,
which means a profound change in the chemical composition of wood (Beldeanu 2008), accompanied
by a change in its color, consistency, and properties. The resistance of the wood, which starts to decrease
from the first stages of the attack of xylophagous fungi, is completely lost in the stage of rotting (Musat
2017, Musat 2023), rot being the advanced stage of wood degradation, as a result of rotting (Beldeanu
2008, Musat 2017). On the other hand, trees can present various injuries, which can be produced by
different causes, consisting of tissue destruction and dislocations of anatomical elements from their
normal connections (Bucur 2003, Beldeanu 2008). These can affect either the bark or the wood, or both
the constituents of the trees (Beldeanu 2008). Forest fires could injuries to the trees, because in the
forests almost all the materials are combustible and, under certain conditions, can ignite and burn,
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releasing heat (Barbu 2018, Burlui and Burlui 2018). The effects of tree injury (Beldeanu 2008, David
and Ciubotaru 2011) depend on the surface, depth, number of injuries, and the woody species.

The evaluation of the quality of wood in standing trees can be done by several modern methods, these
being classified into three categories, respectively: destructive methods, relatively non-destructive
methods, and non-destructive methods (Musat 2017, Musat 2023). The evaluation of wood quality by
non-destructive methods can be defined as a process by which the physical and mechanical properties
of a material can be evaluated, without damaging or changing the possibility of the final use of that
material (Bucur 2003, Ciubotaru and David 2011). Among the non-destructive methods is also the visual
method, which involves the external analysis of the tree to determine the defects appearing on its trunk.
The methods involving the analysis of the propagation speeds of acoustic waves through the trunk of
trees are based on the density of the wood. By using acoustic waves, important information is obtained
regarding the location and extent of an internal defect (Bucur 2003).

Wood has the property of emitting and retaining sound energy, but everything depends on the
characteristics of the propagated sound, as other factors, such as the orientation of the fibers in relation
to the sound energy field, the structure of the cell walls, humidity and density, but also on the existence
of some chemical substances such as tannins, gums and oleoresins (Bucur 2003, Tarasiuk et al. 2007).
Once they penetrate the wood, these sounds produce in the cell walls of the anatomical elements, some
complex vibrations that give rise to internal frictions, which transform the sound energy, and that is why
the emitted sounds have totally changed characteristics (Beldeanu 2008).

The purpose of the research was to analyze the quality of the wood inside the trunk of the beech trees
left after the litter fire occurred in October 2019, which affected the management unit 166B, which is
under the administration of Local Public Authority Padurile Sincii. Thus, to achieve the proposed goal,
it was considered the determination in the field regarding the transfer speeds of sounds through wood
and the evaluation of the relative resistances of wood to drilling.

EXPERIMENTAL METHODS

The fire that affected management unit 166 broke out in October 2019 in plot 165 and lasted 3 days. In
extinguishing of the fire were participated foresters, firefighters, volunteers, and a helicopter.
Practically, the fire started from boundaries number 78 to 80 (Figure 1), developing from the valley to
the peaks, after which it descended again, affecting a total area of 15 ha in parcels 165 and 166, of which
10 ha only in the management unit number 166 (Figure 1).

Figure 1: Research location, images of the 2019 litter forest fire and the current state of the stand

Beech trees that showed signs of decay were chosen for field investigations. Their choice was not an
easy one as the stand was traversed with cuttings after which a volume of approximately 1500 m3 was
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extracted. This fact led to the extraction of the damaged trees so that at the time of making the
determination, the remaining trees did not seem to be depreciated, growing in relatively good conditions
(Figure 1). Trees under study were visually analyzed and found to have either dry or cracked bark at the
base, or the bark had fallen from the trunk which, in the respective regions, had dead wood (Figure 1).
After choosing the trees, the north direction was marked on each of them, and three levels (at 30, 60,
and 90 cm above the ground) were measured and marked to carry out the investigations. The
determinations were initially made with the Arbotom Rinntech sound tomograph, after which,
depending on the reconstructed tomogram, were chosen the directions and positions to carry out
additional investigations with the IML Resi F-500 resistograph. The principle of operation and
application of the method of assessing the quality of wood with sounds was described in the works of
Musat 2017, Musat et al. 2020, and Musat 2023. It should be noted that 7 hammer blows were applied
to each emitting sensor, the number of blows being chosen under the ambient noise in the area and taking
into account the recommendations in the specialized literature (Rinn 2014, Tarasiuk et al. 2007).

RESULTS AND DISCUSSION

During the visual analysis of the first tree for which the results are presented, defects such as cracked
bark on the trunk, dead wood, and the beginning of decay, visible from the outside, were identified at
the base of the trunk, in the northwest-west-east-southeast direction. There is also a fruiting body at the
height of 90 cm, in the west direction, very close to the sensor Sg located at this level. From the analysis
of the tomograms (Figure 2), it can be seen that inside the trunk, but also from the periphery to its center,
a series of internal irregularities appear, which make the sound transfer speeds through the wood lower,
and the tomograms to be colored in shades of yellow and yellow-green. All these irregularities appear
in the direction of fire advance, i.e. north — east — southeast.

90 cm

Figure 2: The field investigations carried out for a beech tree: the links between the sensors; the scale of
values specific to the determination, the reconstructed tomogram and the resistogram

Compared to the expansion of this area from the level analyzed to the next level, it is found that the
internal irregularities, which may indicate a possible degradation of the wood, occupy approximately
two-thirds of the section at the level of 30 cm, after which the affected surface narrows to the level of
60 cm. At 90 cm, although it no longer occupies an area as large as at the 30 cm level, the tomogram
shows important signs of degradation and internal irregularities of the wood, which lead to the
appearance of orange shades in the area of the neighboring sensors Se.7. This can be attributed to the
action of xylophagous fungi, present even through the fruiting bodies, which led to the degradation of
the wood (Musat, 2017).
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To be able to draw pertinent conclusions regarding the state of the wood inside the trunk, additional,
punctual investigations were carried out, both at the level of 30 cm from the ground, a situation in which
the resistogram was made in the direction of the sensor Sg, and at the level of 90 cm, on the direction of
the sensor S¢ (Figure 2). Analyzing the resistograms, it is found that the first third of the length of both
resistograms shows structurally destroyed wood, in the sense that the relative resistances to drilling are
either zero (S¢ — at 90 cm) or very reduced. It is also observed that after the areas with degraded or even
rotten wood, the resistances begin to increase, but no significant variations appear which denotes some
structural change inside the trunk, which leads to non-differentiations between latewood and earlywood
in the annual rings (Musat 2017, Musat 2023).

Another beech tree shows, in the north, northeast, and east area, up to the height of 1.20 m, dry and
cracked bark on the trunk. In addition, an area of dead wood appears at the base, with strong signs of
decay, up to a height of 40 cm. Analyzing the results indicated by the tomograph in the case of the 30
cm section (Figure 3), it is observed that there are lower sound transfer speeds through the wood, marked
in red on the image with the connecting lines between the sensors, which are highlighted on the
tomogram (Figure 3) with yellow-green shades between sensors S7.g.o.

Figure 3: The field investigations carried out for another beech tree: the links between the sensors; the scale
of values specific to the determination, the reconstructed tomogram, and the resistogram

At the 60 cm level, it is observed that the wood degradation is concentrated between the sensors S7.5.1
(Figure 3), an aspect indicated on the tomogram by shades of orange. This is also the reason why a
resistogram was made in the direction of the sensor Sg, at the level of 60 cm (Figure 3). From its analysis,
it can be easily seen that the entire section shows wood with low resistance to drilling. In addition, on
the first third of the length of the resistogram, extremely low resistances appear, close to zero, which
indicates wood with a destroyed structure. By comparing the position of the sensor Sg on the trunk and
the condition of the wood as it appears in visual analysis, it is found that the resistogram was taken just
above the decayed area at the base of the trunk, which clearly shows that the rot has progressed upwards
on the trunk. At the 90 cm level, both the tomogram (Figure 3) and the image with the connecting lines
between the sensors indicate wood where the sound transfer speeds are high, which makes that these
images to be colored in green.

Comparing the images from the three analyzed levels with the real condition of the wood, visible from
the outside of the trunk, and with the resistogram made in the direction of the sensor Sg at the 60 cm
level (Figure 3), it is quite clear that the structure of the wood in the northwest area — north—north—east
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is almost destroyed. The poor quality of the wood inside the trunk cannot be identified on the tomogram
in the real stage, which can be attributed to the denser or less dense medium through which the sounds
are transferred (Musat 2017). In this sense, the speed of sounds differs, first of all, concerning the density
of the wood (Beldeanu 2008, Rinn 2014), but it can also be influenced by its humidity (Beldeanu 2008).
Thus, the presence of rot in the area and the fact that the wood is in various stages of decay can lead to
an increase in wood moisture as a result of the activity of xylophagous fungi (Ciubotaru 1998, Beldeanu
2008).

CONCLUSIONS

Following the investigations carried out in the field with the Arbotom Rinntech sound tomograph and

the IML F-500 Resi resistograph, the following conclusions could be drawn:

e some trees show serious signs of degradation on the outside, which causes pathogenic agents to
penetrate inside the trunk leading to the destruction of the integrity of the wood;

e the areas with degraded wood identified by the tomograph seem smaller in extent compared to
the real condition of the wood illustrated by the resistograph or observed from the outside of the
trunk;

e the resistograph provides much more accurate information about wood degradation.
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