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Thermography in the detection of root decay
(translated from Agricoltura Ricerca, 189, 81-100, 2002)
Tree management experts know that apparently healthy trees showing no visible sign of decay can
suddenly fall also in normal weather conditions. On closer inspection, the stumps of these trees
often reveal a limited root system or huge, decayed underground areas characterised by rot and
cavities.
Tree stability analyses still find it hard to evaluate the health and functionality of roots in terms of
their being anchored to the ground.
Urban trees, especially those that line streets, often show decayed roots as a result of excavations
for technological lines, sewerage, gas or water mains, etc., or paving, or sidewalks. In each of these
cases, when policies of cost-effectiveness or traffic management prevail over the respect of the
minimum safety distance from the tree collar, tree roots can be easily damaged. The consequences
of these actions have a direct impact on the stability of the trees concerned, as they are more or less
immediately damaged at the root level. In some cases, tree stability can be directly jeopardised by
cutting stabilizing roots. In most cases, after suffering more or less severe damage, roots become
privileged access routes for pathogenic fungi, that may modify root tissue over time.
Root decay is hard to detect, as there are often no visible external signs. Only in some cases do
fruiting bodies develop as a sign of altered tissue that can affect the tree root systems. It is
fundamental for those charged with citizens’ safety and tree stability to know the condition of root
systems.
At present, existing apparatuses or methods (1) can detect root decay only after the main roots are
unearthed; at the same time, a direct visual assessment of urban trees is very difficult, if not
impossible at times, because of paving, street kerbs or asphalt.
In the past, however, Thermography allowed experts to hypothesize root decay in trees with fruiting
bodies of various types and/or important cavities on the trunk and/or branches (A. Catena, 2000; G.
Catena, 1997; G. Catena et al. 1989).
Fig. 1 – Fig. 2
The past experience (G. Catena and A. Catena, 2000; A. Catena, 2002a) that is shortly described
hereafter recommended the use of Thermography on a row of nettle-trees in good vegetative
conditions (Celtis australis L.) that was located on via Marzabotto in Bologna. A tree along this
street suddenly inclined towards the street centre on a windy May 4th in 2002 and was felled. The
picture in Figure 1 taken the day after the event shows the condition of the stump with a huge
central area affected by a cavity.
The inclined tree was medium sized (trunk diameter 47cm with height of 16-18m), like the other
trees along the street. The visual assessment conducted in the past on these trees did not reveal any
particular symptom, apart from a slight inclination of the tree under examination, which was due to
its closeness to a high building. This led the tree’s surface roots to lift the surrounding ground and
paving, as typical of this species.
After the tree was felled, an instrumental survey was conducted on the stump with a
dendrodensimeter Resi B400, with a view to detecting the causes of the tree’s sudden inclination.
The survey detected an inner area of altered wood with sufficient t/R (residual wall/tree radius)
values: 0.37 – 0.54 – 0.68 – 1.00. These values were not such as to classify the tree as unstable, in
fact the inclination was due to root and not collar failure. A diagnosis of instability could have been
issued only if the root tissue had been directly investigated, which, unfortunately was not reasonable
to do, due to the few external symptoms.
As the felled tree presented root decay, but no external symptoms, all the trees along the same street
were subject to a thermal imaging examination. Their good vegetative condition can be seen in the
picture of Figure 2 (the Thermal apparatus used and one of the Authors can be seen in the
foreground). The investigation detected a number of abnormal situations that were later confirmed
also by a dendrodensimeter used below the ground level and in an inclined position, as the

measurements conducted with the apparatus in horizontal position, even a few centimetres from the
ground, nearly never confirmed the presence of altered tissue revealed by Thermography, instead.
The dendrodensimeter probe was introduced in the deepest tissue after a few centimetres of ground
were removed in the collar region of the trees assessed.
Just like any other currently used investigation system, Thermography cannot directly reveal the
condition of the root system, as it cannot “see” through the ground covering it. However, it allows
experts to hypothesize root decay by detecting thermal abnormalities in the collar area. In fact,
tissue decay causes a reduction or interruption of the flows of lymph and organic substances from
and to the crown, generating a lower physiological activity in the surrounding tissues.
Thermography highlights this reduced activity and allows experts to hypothesize the presence of
decay. For example, if Thermography detects a tissue alteration at the collar level and not along the
trunk, it is logical to infer the presence of root decay. The undeniable advantage that this technology
offers, unlike invasive sound wave-based tools and apparatuses, is that the information collected is
not relative to the point and height at which the apparatus is used, but concerns huge areas of the
tree under investigation.
Most of the trees along via Marzabotto were examined. The points where the dendrodensimeter had
to be used were indicated with chalk following thermal examination, that thanks to its greater
rapidity of use and non-invasiveness avoided useless damage to healthy trees. In fact, Shigo (1991)
and Moore (1998) documented the existence of tissue decay only a few months after
dendrodensimeters, Pressler’s increment borer and penotrometers were used on trees, while impulse
hammers produce slight damage (W. Moore, private communication). Mattheck’s remark is
therefore appropriate, when he suggests to start the investigation with the least invasive apparatus
so as not to uselessly damage a healthy tree (Mattheck, 1995). In this way, the danger of spreading
pathologies is minimised.
Thermography
Thermography is a truly non invasive investigation technique that detects interruptions in tree
tissues by sensing surface temperature differences in the bodies investigated from a distance. In the
case of trees, tissue discontinuities due to a cavity or rot cause a variation in the thermal properties
of the tissue concerned and not in the surrounding region. A different surface temperature is
therefore present on the tree surface in correspondence of the two areas: the rotten or altered area is
in most cases colder than the rest.
The existing temperature difference is detected thanks to an infrared (IR) camera, that senses the IR
radiation emitted by the body under investigation because of its thermal content (2) and visualises it
on the camera screen in real time. An actual “thermal map” is obtained in black and white or in a
series of preset colour scales that allows the extension of any decay to be detected and marked. In
black-and-white pictures, decay is revealed by an area that is rendered in a shade of grey darker
than the surrounding healthy areas (colours in fact range from black – cold, to white – warm),
whereas colour images show decay in a colour different from that of the surrounding area.
Apparatuses used in the investigation
The apparatus that is currently used for Thermography is an IR AVIO TVS 610 camera, sensitive
over the 8-14 µm spectral range. The sensor that should never be cooled down is made up of a focal
plane array of 320 X 240 microbolometers. The apparatus can also measure the surface temperature
of the bodies studied and has a thermal sensitivity of 0.1 °C and a geometric resolution of 1.4mrad.
This means that the camera can distinguish two objects having a surface temperature greater or
equal to 0.1 °C and separate objects bigger than 1.4 X 1.4 cm from 10m. Figure 3 shows how the
system’s geometric resolution (Instantaneous Field of View – IFOV) and the image taken (FOV)
vary according to distance.

The image of the body under investigation is formed in real time (1/30s) on the 5’’ LCD screen of
the portable apparatus that weighs less than 3 kg, with screen, lenses and batteries included. A
single battery, like those used for portable TV cameras may provide up to 4 hours of autonomy,
according to the model. The apparatus can be operated by a single operator and assess the aerial
parts of trees up to 20-25m from the ground. Greater distances may prevent initial decay from being
spotted, because of the reduced resolution (Fig. 3) and the small size of the parts under investigation
would have on the screen. A telephoto lens can be successfully used, if needed.
Fig. 3
Images (thermograms) can be stored onto a Compact Flash card (a 16 Mb card can contain up to 80
thermograms), to be later directly downloaded on PC to be processed with the proprietary software
of the PE series that turns .iri proprietary files into .jpg, .bmp or .avi files that can therefore be
imported onto any text and image-processing software. The PE software also allows the preparation
and print of thermal images and photographs, texts and tables.
Previously used thermal cameras were made up of a TV camera containing the sensing element –
generally InSb (indium antomonide), the cooling system (liquid nitrogen, Stirling pump, etc.), and
scanning system, while a separate driving unit contained a built-in monitor in black and white at
first, and colour then. Its resolution and thermal sensitivity were similar to those of today’s
apparatuses; the main disadvantage of these early apparatuses resided not only in their huge weight
and bulk, but also in the impossibility to record images that in older models had to be directly taken
on screen. Thanks to the digital era, components were miniaturised to dramatically reduce the
weight and bulk of the apparatus and to record images onto magnetic cards so that they could be
later processed on a PC.
The results offered by Thermography were confirmed by an IML RESI B400 dendrodensimeter
equipped with a steel probe that could be introduced in a tree by 40cm. The probe was powered by
two electric engines fuelled by an external battery. An engine rotated the probe at a constant
number of revolutions, while the second pushed the probe at a constant speed. An external
processor recorded the power used by the two engines to overcome the resistance opposed by the
tissue to the probe on a continuous perforated form graduated in cm. Consequently, a 1:1 graph
showed the presence of altered tissue or cavity and their distance from the surface. In the case of
healthy tissue, resistance remains constant or increases as the probe further penetrates the trunk,
depending on the different tree species, while damaged tissue produces a more or less flat or
decreasing graph. A flat graph is indicative of a cavity (lack of tissue, and consequently negligible
or inexistent resistance to the probe). This tool too is equipped with a proprietary software that
allows graphs to be downloaded onto a PC and graphically processed.
A Pressler’s increment borer was used to control results. This apparatus is made up of a 40cm long
hollow steel cylinder with a 12mm diameter that is threaded at one end so as to be introduced in the
tree under investigation. Once the desired depth has been reached, an appropriately shaped thin steel
slab, the so-called “extractor”, that brings with it the core when extracted, is introduced in the
hollow cylinder. The core allows experts to assess the consistency and condition of tissue.
In Trieste, the tissues extracted with a Pressler’s increment borer were assessed for their consistency
also with an IMI Fractometer. This apparatus was developed by Prof. Mattheck (1994) to study the
level of tissue alteration caused by fungi. The Fractometer is constituted by a machine with a small
hammer that rests on the core positioned in an appropriate holder and extracted with a Pressler’s
increment borer; the hammer is connected to an angle indicator and a spring that gives enough
strength to the Fractometer to exert pressure on the core. Thanks to the rotation of the machine, the
internal spring charges the hammer while increasing the pressure exerted on the sample of tissue.
The force exerted is recorded on a graduated scale, as a consequence, once the core is broken, the
angle and the rupture load can be read. The combination of these two values, compared with those

included in the tables developed by Mattheck himself, allows any tissue alteration of the lignin and
cellulose to be detected; in fact, low loads correspond to cellulose damage, whereas lignin alteration
is present with huge angles.
Investigation methods
In Bologna, 61 of the 75 Celtis australis on via Marzabotto were first assessed with Thermography
and then with the classic VTA method, only using a B400 Resistograph, as Thermography had
already detected the size of internal decay, therefore it would have been totally unnecessary to use
the impulse hammer that can do the same, but only at the height at which it is applied and cannot
investigate underground tissue.
The dendrodensimeter was also applied to the 14 remaining trees. These unevenly aged trees had
medium diameters, 40-50cm, at a height of 1.3m from the ground, and were 15-18m high.
Nearly all the nettle-trees didn’t show external symptoms or decay, while their crowns were thick
and balanced. Only a tree had two small cavities in the main branches, due to pruning scars. As
regards this tree, Thermography revealed the existence of alterations that started from the wounds
and reached the collar area. Three other trees showed fruiting bodies of the Ganoderma species; two
of these trees were close to the tree that had inclined (one on the same street side, and the other on
the opposite side), while the third tree wasn’t so close and showed fruiting bodies along a wound
that started in the collar region and went up the trunk for about 2m. Girdling roots were found in all
the trees, either above or below ground level. Out of the 61 trees assessed, 13 had to be felled, due
to their severely altered root systems.
Over half of the unstable trees (i.e. 7 out of 13) was positioned on either side of the street in a short
section, in proximity to the tree felled following its inclination. In this section, two other nettle trees
presented fruiting bodies of the Ganoderma species in the collar area. It can therefore be thought
that mycelium was present in the ground and attacked the trees, thus damaging their root systems.
Trieste’s Municipal Park Service, in the persons of Architect Angela Sello and Forester Alfondo
Tomé, required an assessment of a monumental tree in “Muzio dé Tommasini” park. An interesting
research work was conducted to compare the results obtained by separately using Thermography
and the traditional VTA method on the field. The instrumental analysis was immediately followed
by cutting the trees deemed unstable: this allowed felling operations to be followed and guided so as
to better highlight the correspondence between the data provided by the tools and the conditions
found in trees. The investigation was made possible thanks to the direct involvement of agricultural
technician Andrea Biro Zoltan who organised and coordinated the work and felled the trees when
necessary.
Below is a description of this investigation on a horse-chestnut (Aesculus hippocastanum L.) that
allowed the precision and sensitivity of Thermography in detecting small alterations to be proved.
In Rome, two cypresses (Cupressus sempervirens L.) were recently assessed, one of which was
felled because deemed unstable. Thermal images of a lime tree (Tilia ssp.) are also presented, as
this tree was part of a line of trees already studied with a different thermal camera back in 1987. Of
the 29 trees examined, 6 were felled, as they were deemed strongly unstable. The images of that
time were confronted with today’s to show the possibility to exactly assess the evolution of tissue
decay over time by simply comparing thermal images. Finally, the case of an holm-oak (Quercus
ilex L.) is presented. This tree was analysed with another apparatus, had decay at the root level and
was felled because deemed dangerous.
Results
Some examples of healthy or slightly damaged trees are presented and discussed hereafter, as well
as of trees with important decay that were assessed during various investigations.

Bologna
Nettle-tree n. 20 was medium sized, 16m high with a trunk diameter of 64cm at 1.3m from the
ground. The vegetative conditions of this tree were average, while from the phytosanitary point of
view, the tree showed clear alterations documented by the presence of fruiting bodies of Ganoderma
spp. at the collar and trunk level, at about 50cm from the ground (Fig. 4). The collar presented
girdling roots, while no other symptoms or damage were present in the epigeal areas, with the
exception of pruning wounds on the branches that had not anyway caused any significant internal
alteration.
Fig. 4 – F ig. 5
The presence of Ganoderma fruiting bodies, a sign of significant white and butt rot, already
revealed the existence of alterations, that could not be located a priori and whose extension was
unknown. Thermography highlighted a huge alteration, especially at the collar level, that extended
up the trunk though with a smaller intensity, and mainly affected the main cylinder (colour blue,
light blue and green), thus revealing a significant alteration at the root level.
In consideration of the rot-related fungi, the Resi B400 dendrodensimeter was applied to a number
of points in the collar area, especially below ground level, with a given inclination, so as to assess
the tissue located well below the ground level. The four instrumental tests carried out on different
points of the collar (70°, 100°, 230° and 310° North – Figure 6) revealed the presence of a huge
internal alteration, with a remaining wall that proved sufficient in 3 tests and nearly nonexistent in
the fourth test: this led experts to deem the tree unstable and suggest felling it.
Fig. 6
The cutting operation took place a few weeks after the static instrumental test and left a 50cm high
stump; the cutting surface shows dark wood that affects a huge internal area of the trunk, by
contrast, healthy tissues are light coloured and located in the external area of the surface (Fig. 7).
The collar alteration proved bigger than those visible in the picture (that were located at 50cm from
the ground).
In order to assess the roots of this tree and visually control the alterations detected by the
apparatuses, the kerb around the tree and about 30cm of the superficial ground layers were removed
after the felling operation. It was possible to observe that certain huge roots near the fruiting bodies
were completely altered, therefore they couldn’t keep the tree anchored to the ground (Fig. 8).
In this case, the presence of internal alterations was easy to hypothesise also after visual assessment,
because of the present fruiting bodies; the dendrodensimeter confirmed the existence of alterations
and allowed them to be quantified. The Thermal camera, on its part, allowed significant tissue
alteration in the collar areas to be pre-emptively detected.
Fig. 7 – Fig. 8 – Fig. 9
Nettle-tree n.39 was medium-sized, 18m high with a trunk diameter of 59cm at 1.3m from the
ground. The tree’s vegetative conditions were good and no significant external symptoms or
damage was visible: a significantly ribbed collar and trunk were observed (Fig. 9) as well as a slight
inclination of the trunk towards the street centre, that was probably due to the tree’s closeness to
high buildings that had pushed this tree to look for sunlight. At about a metre from the base, the
street paving showed signs of excavations executed some years previously; it can be inferred that
during excavations, some roots were damaged, even if at that time it was not possible to reveal the
number and diameter of the damaged roots.
Thermography revealed that this tree presented a diffused alteration at the collar level, especially on
the left (colour blue, light blue and green) that went from the base and up the trunk though with a
smaller intensity (Fig. 10).
Three instrumental tests were conducted on the collar at about 70°, 340° and 160° North – figure
11; the measurements were conducted from 2 to 10cm below the ground level, after removing earth
manually. The first test conducted at 70° North at about 10cm below the ground level and with the

apparatus in inclined position did not detect any alteration; the second test conducted at 340° North,
6cm below the ground level with inclined apparatus, revealed a 2cm healthy wood wall, while the
third test conducted at 160° North and 2cm below the ground level revealed an alteration after 17cm
of healthy wall, with inclined apparatus. The presence of extended decay below the ground level
that at least in one point nearly reached the cortical tissue, led experts to deem the tree unstable and
to recommend its felling.
Fig. 10 – Fig. 11 – Fig. 12
The cutting operation took place a few weeks after the static instrumental assessment. Only a 10cm
high stump was left of the tree; on the cutting surface, a clear alteration of internal tissue is
observed (Fig. 12).
Thermography can not only reveal important and diffuse alteration, but can also highlight initial
decay of small nature, as described below.
Nettle-tree n. 4 was medium-sized, 17.5m high with a trunk diameter of 62cm at 1.3m from the
ground. The vegetative conditions of this tree were good and it didn’t show any significant external
symptoms or damage (Fig. 13); in fact only some pruning wounds were observed at the branch and
bifurcation level, though they didn’t seem to have led to any internal tissue alteration.
The thermal investigation, Figure 14, only shows small limited signs of alteration in the central part
of the collar (rendered in green in the image): the uniform red-orange colouring should be observed
in the rest of the tree base. The blue-light blue colouring of the bark at the ground level is due to the
fact that the tree is wet, as it can be inferred from the picture of Figure 13. The same goes for tree n.
8: on the day before the investigation, it had in fact rained.
Fig. 13 – Fig. 14 – Fig. 15
A dendrodensimeter was used at the collar level after thermal investigation for small alterations.
Three exams were conduced in the following positions: 160°, 230° and 100° North (Fig. 15); the
first and second measurements were made at 7 and 10cm from the ground, with the tool inclined
and no alteration was detected, while the third measurement revealed a small 4-cm alteration after
31cm of sound wood. The latter measurement was made with inclined apparatus 8cm below the
ground level after the collar was dug up, in order to investigate the deepest tissues.
After thermal and instrumental analyses, the tree did not show any stability problem, as the
alteration found was minimal if compared to the tree size. Anyway, it should be observed that also
without external symptoms or damage, Thermography revealed an initial or small alteration,
anyway, located in the deepest collar tissue.
The thermogram of a healthy tree shows a uniform colouring on the tree surface: Figure 16 shows
an example relative to another nettle-tree located on the same street, i.e. n.8 (Fig. 17). The tree
presents a uniform red-orange colouring: as already mentioned the parts touching the ground are
rendered in blue-light blue and green, because wet. The absence of decay was demonstrated thanks
to a dendrodensimeter: the relative graphs are regular (Fig. 18).
Fig. 16 – Fig. 17 – Fig. 18
Trieste
The case of a horse-chestnut (Aesculus hippocastanum L.) is presented in Figure 19 with a strip of
altered tissue that goes up the trunk. The decay rendered in yellow-green extends from about 10cm
to 30cm from the left side of the trunk and is bigger between 15 and 20cm, light blue area; an
operator is photographed while using a Pressler’s increment borer.
The dendrodensimeter, on the contrary, showed no damage, Figure 20. Consequently, a core of
tissue was extracted with a Pressler’s increment borer at 148cm from the ground. The tissue was
examined with a Fractometer: the results obtained, shown in Figure 21, revealed the presence of
alteration at the initial stage between 15cm and 27cm, with partial cellulose destruction.
Unfortunately, a picture of the area subject to instrumental tests cannot be published, however, the

trunk did not show any symptom that, failing the thermal investigation, would have required an
invasive investigation.
Fig. 19 – Fig. 20 – Fig. 21
A thermal investigation is in no way connected to the type of thermal apparatus used or the tree
species; an example of this is provided below with thermograms of some trees (conifers and broadleaved trees) that were then felled with thermal imaging apparatuses different from the one
currently in use. The method was successfully applied also to palm trees (A. Catena, 2000; G. and
A. Catena, 2000; A. Catena 2002b).
Rome
The holm-tree (Quercus ilex L.) in Figure 22 located in a privately-owned area had a hugely
unbalanced crown and presented very deteriorated stumps attacked by wood-eating insects and
located at the bifurcation level where formerly huge branches used to be. Figure 23 shows a detail
of the trunk base, from which a buttress had been cut in the past probably to better accommodate
the marble-chip flooring that can be seen at the tree base. The black-and-white thermogram (Fig.
24) clearly shows the collar area with a huge region rendered in a shade of grey darker than the rest
of the trunk: this reveals the existence of altered tissue that affects both sides of the trunk and moves
upwards. The tree was felled and Figure 25 shows the picture of the stump, shot from the left of the
point in which the thermogram was taken a few weeks after the tree was cut. At the ground level a
strongly deteriorated frontal area can be observed, as well as a severely decayed region on the left
and right side. Removing a few centimetres of ground showed that decay increased towards the
central part of the trunk, on the observer’s side.
Fig. 22 – Fig. 23 – Fig. 24 – Fig. 25
Cypresses (Cupressus sempervirens L.) located in Villa Sciarra were also studied: one (Figure 26)
shows a small opening at 50cm from the ground, that can be barely seen from the fence and some
bits of detached bark. The thermogram relative to the left side of the tree shows (Fig. 27) an
alteration that from the base moves up the trunk (colours blue, light blue and green), while the right
side appeared less damaged (colour yellow, Fig. 28). A core extracted from the right side, picture of
Figure 29, revealed the presence of decay close to the left side of the trunk.
Fig. 26 – Fig. 27 – Fig. 28 – Fig. 29
The thermogram of another cypress showed a small cavity at the ground level (Fig. 30), that was
almost totally hidden by the grass, and revealed an important alteration (rendered in green), along
the left side of the trunk that went from the base to the lower branches (Fig. 31); the other side as
well had a smaller alteration (yellow, Fig. 32). The tree was deemed unstable and felled.
Fig. 30 – Fig. 31 – Fig. 32
This time, experts appeared on scene right after the tree was felled, consequently the stump and logs
were studied. The picture in Figure 33 shows the 50cm stump and behind that the 50cm overlaying
log. Two cavities moving up the trunk are observed: the one on the right is wider than that on the
left and all the central part of the trunk is discoloured; the compartmentation barrier which
developed following the wound that originated the cavities can be clearly seen. Once the log close
to the stump was put upside down, it was possible to observe that the left cavity continued up, while
the one on the right had shrunk to a small area of strongly discoloured tissue. The stump was cut at
ground level, the base log was sectioned lengthwise twice so as to allow an inspection of the left
cavity; the tissue opened flat without opposing resistance, and presented a strongly damaged
internal part, Figure 34. The analysis of the subsequent logs revealed the presence of decolouration
in the central area, thus confirming the data obtained from Thermography. The stump was not dug
up, as the tree was nearly on the edge of a line of poles (erected to consolidate a scarp according to
ecological engineering rules). In an attempt to view the condition of deep tissues, a block of wood
was removed by cutting the stump towards the centre. The picture of Figure 36 clearly shows that
the cavity expands to the hypogeous frontal half of the stump, but does not affect the other half.
This was verified at a later stage by extracting cores (not shown) from three points of the cutting

surface that revealed decoloured, but not altered tissue; a 105cm metal probe was introduced in a
number of points in the cavity to confirm the thinness of hypogeous, resistant tissue (Fig. 37 and
38), especially on the left of the stump.
Fig. 33 – Fig. 34 – Fig. 35 – Fig. 36 – Fig. 37 – Fig. 38
Another species studied with a different apparatus was a lime tree (Tilia ssp.) located in a private
property. The investigation was conducted in 1987 on a line of 29 nearly secular trees having an
average diameter of 55cm and a height of 6-8m (all trees had been heavily pillarded in the past). Six
trees were felled and the decay found after examination of the roots and sectioning of the trunk
confirmed the diagnosis of instability and therefore the results of the thermal examination. The
figures below present the thermograms taken with the apparatus used in the first investigation
relative to the situation found at the time in one of the trees not felled and to the present situation.
The picture in Figure 39 shows the tree at the time of the first investigation: the only visible damage
was a cavity at the bifurcation level due to the loss of a branch, also evident in Figure 40. The
mosaic of black-and-white thermograms (Fig. 40) directly taken on the screen of the old apparatus
shows another alteration that goes from the base and up the trunk, affecting also the remaining
branches. The presence of the alteration is revealed by the non uniform distribution of grey along
the trunk. The alteration is stronger at the base, this also suggests the existence of root damage but
the right side of the trunk is less damaged than the left. At the time of the first investigation, an
alteration coaxial to the trunk was diagnosed from the collar to the branches, but this was not
serious enough to require that the tree be cut. Figure 41 shows a thermogram of the base, where the
presence of root decay can be perfectly inferred. Figure 42 shows a computerised reconstruction of
the tree made with various recently taken thermograms that fully confirm what the old images had
revealed: consistent root decay moves up the trunk and affects the branches; the right part of the
trunk, like in the past, is more solid than the left. The situation seems worsened both along the trunk
and at the base where decay now affects all the collar area. The situation found may require felling
the tree, but, due to management reasons, the crown is constantly trimmed and kept very compact
(the tree is now less than 6m high with a diameter of 51cm at 130cm from the ground),
consequently felling is not required, however, the tree shall be frequently monitored. It should be
noticed that it was possible to find the same shooting position as in the past, without knowing the
shooting angle, and visually control the evolution of the phenomenon over time.
Fig. 39 – Fig. 40 – Fig. 41 – Fig. 42
The situation found by this new investigation was assessed through a Pressler’s increment borer,
taking three cores in a position at a right angle with that of the thermal image. The cores shown in
Figure 43 are very short as the borer lost its grip after 10-12cm. A thin iron probe, introduced in the
borer’s hole, penetrated for a number of centimetres indicated with “L” in table 1, before
encountering resistant tissue. The size of the cavity that, as detected by Thermography, goes from
the base to the bifurcation, can be measured by subtracting the thickness of the residual healthy
tissue found by the core from the length of the iron probe introduced in the hole.
Fig. 43 – Table 1
Conclusions
The experiences described in this article were carried out at different times and places, and with
different apparatuses on different botanical species, but they all show the capacity of Thermography
to reveal even very small alterations and highlight root decay. The latter is often difficult to detect,
as trees do not show visible external symptoms indicative of damage, and it is difficult if not
impossible to directly assess the root system because of existing paving or obstacles of other type,
as in the case of urban trees. It is important to know the condition of root tissue to prevent trees
from falling and to grant the safety of passers-by.

Just like other investigation techniques, Thermography cannot directly reveal the condition of the
root system, however, it detects root decay, as shown above, by spotting thermal abnormalities in
the collar area.
The tool’s sensitivity allows any alteration to be precisely detected and located and consequently,
subsequent instrumental investigation with the traditional VTA method to be conducted in a more
targeted and less damaging way, in case the alterations found require measuring.
The capacity of Thermography to detect any alteration in the various parts of the tree (collar, trunk
and branches) from the ground and in a few minutes and its precision are fundamental aspects that
integrate this technique with the other apparatuses of the VTA method (dendrodensimeter and
Fractometer) in assessing tree stability. Thermography makes other electronic hammers
unnecessary, as they can detect alterations only at the height at which they are applied. A tree’s
aerial parts can be studied by Thermography without resorting to mobile ladders or platforms, that
only come into play when a dendrodensimeter or Fractometer are used to precisely measure residual
healthy tissue or the condition of tissue, even though a thermal imaging expert can accurately
quantify any damage from a thermogram.
Consequently, the hypothesis formulated in a previous article seems confirmed, i.e. Thermography
should be introduced in the VTA, between the visual assessment and the use of invasive
apparatuses.
Moreover, it is essential to underline that the results obtained with thermal imaging (thermograms)
can be used to make comparisons of the phytosanitary condition of a tree and the evolution of any
alterations over time. In fact, thermograms can be stored on paper and electronically; two
thermograms of the same tree taken from the same angle also a few years apart can be easily
compared to precisely and quickly assess the evolution of the alterations present, as described in the
investigation on the lime tree.
Thermograms accompanied by pictures of the trees under investigation can be easily stored in the
databases of tree management IT systems (SIT, GIS, SIG); this possibility, linked to the more and
more common use of IT systems, allows visual, besides normal paper-based databases on the
phytosanitary conditions of trees to be created. This will constitute an important historical archive
for subsequent assessments on the conditions and stability of the trees under investigation.
The use of Thermography is therefore particularly useful both for an early assessment of urban
trees, the detection of alterations not visible from the outside and not marked by particular
symptoms or damage, and the stability assessment, in addition to other traditional tools. This proves
particularly important in detecting root decay in urban trees.
NOTE
1) Radar systems are also used to control the root condition in trees (Hruska J., Cermak J. and
Sustek, S. Mapping tree root systems with ground-penetrating radar, Tree Physiology, 19,
125-130, 1999; Nicolotti G., Godio A. and Sambuelli L., Onde georadar, Acer, 4, 54-57,
1998): this use is not practicable at present, as none of the systems proposed can, according
to the authors, tell a healthy from a decayed root. Even if the technique was used only to
identify the consistency and distribution of the root system (as screening system), problems
would arise due to the duration of the investigation – 36h per tree including measurement
and data processing (Hruska) and 4h (Nicolotti), or the impossibility of recognising a root
from noise – underground pipes, pebbles, detritus, etc. (Nicolotti): both systems require
loose ground, the second even needs thin and uniform ground.
2) All the bodies at a temperature above absolute zero (o K=-273,14 °C) continuously emit
energy in all the electromagnetic spectrum: the thermal camera senses the fraction emitted in
the spectral range of thermal infrared in which, at about 10µm, the energy emitted by bodies
at ambient temperature reaches its maximum.

