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Abstract

Sweet chestnut forests occupy an important role in Italy and Europe, its resilience is often affected by aggressive pathogen
attack. In the last times some chestnut wood colour aberrations have attracted attention suggesting intercorrelation with
biotic attacks. The present study analyses chestnut wood from a coppice-with-standards stand in Central Italy aiming to
understand the reasons for discolorations in respect to a possible effect on wood physical and mechanical character. Wood
specimens with different chromatic aberrations were analysed by mechanical tests, microscopic techniques (SEM), specific
density measurements, and ATR-FTIR spectroscopy. Standing trees and logs were investigated by IML-RESI. Results by
SEM show as all stained wood zones correspond to mycelium presence and abnormal cell wall morphologies. No real trend
was found between specific density, or compressive strength, with coloured samples, infact some test samples with colour
aberrations had the highest value for specific gravity. Comparing sound wood with stained wood, the semiquantitative
analysis by ATR-FTIR spectroscopy allowed to detect a change in the ratio lignin/cellulose which might be due to a white
rot fungus. IML-Resi has showed wood decay symptoms at root collar in coppice standards with a decrease in amplitude
at least of 30%. The results find an agreement with similar studies carried out in Spanish chestnut suggesting to indeep the
analysis to investigated the geographical distribution and the impact of the damage.

Keywords Wood decay - Compression strength - FTIR - SEM - Chestnut red stain - Forest decline

Introduction

Sweet chestnut (Castanea sativa Mill.) forests have an
important ecological, social and economic role in Italy and
in Central-Southern Europe. In Italy, the coverage through-
out the country (800,000 ha) corresponds to nearly 2.6%
of the total land area and 7.5% of the national forest area,
respectively. In Europe, the species covers an area of 2.53
million ha (Conedera et al. 2016), which is 1.2% of the total
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EU forest area. In Italy, chestnut forests are managed mainly
as coppice stands (589,362 ha) or high forests intended both
for chestnuts (15,506 ha) and timber production (147,568 ha)
(Manetti et al. 2017).

Sweet chestnut forests and its wood have been the object
of intensive research involving studies related to the iden-
tification of the most suitable forest management strategies
(Manetti et al. 2017), wood quality studies (Romagnoli
and Spina 2013; Spina and Romagnoli 2010), analysis of
the chestnut-wood supply and value chain (Marini et al.
2021b) and studies to promote chestnut wood utilization
in biobuilding (Brunetti et al. 2020; Carbone et al. 2020).
Chestnut wood is always a hot topic for research not only to
defend and promote the supply chain, which is one of the
most important in certain regions (Marini et al. 2021b), but
also because it was highlighted as one of the most prom-
ising species in the perspective of climate change impacts
(Marini et al. 2019, 2021a) because of its origin in the cli-
mate of Southern Europe, which is the expected climate of
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the Central Europe in the near future (Conedera et al. 2021).
However, an effective resilience of the species to climatic
changes is a concern (Conedera et al. 2021; Freitas et al.
2021) due to its well-known sensitivity to abiotic and biotic
threats, which can increase unpredictably causing difficul-
ties to contain outbreaks (Bonsignore et al. 2020). Certain
pathogens, for example, can reduce chestnut vitality and can
cause important forest losses (Ferracini et al. 2019; Palmeri
et al. 2014; Ugolini et al. 2014). Among the most destruc-
tive diseases of Castanea spp., there are Phytophthora cam-
bivora (Petri) Buisman and P. cinnamomi Rands, agents of
the chestnut ink disease, the ascomycete Cryphonectria
parasitica (Murrill) M.E. Barr causing chestnut blight
epidemic and the Asian gall wasp Dryocosmus kuriphilus
Yasumatsu (Rigling and Prospero 2018; Sartor et al. 2015;
Vannini et al. 2018; Vettraino et al. 2005). Those diseases
can appear simultaneously on a single tree, multiplying the
stress for the plant. Chestnut blight, for instance, can modify
wood micromorphology and vessel frequency in synergy
with the Asian chestnut gall wasp (Gunduz et al. (2016);
Ugolini et al. (2014). In fact, vessel elements were proved to
have a smaller diameter and a shorter length, moreover wood
fibres had abnormal formation in comparison with healthy
wood, such as bifurcation at the end of the cells (Gunduz
et al. 2016). Chestnut is also affected by wood decay caused
by several white and brown rot fungi (Beccaro et al. 2019)
The basidiomycetes Daedalea quercina, Fistulina hepatica
and Laetiporus sulphureus are the most widespread wood rot
fungi attacking Chestnut. Beside that, it was also reported
that extreme weather events may negatively affect tree health
by increasing forest susceptibility to disease (Buotte et al.
2017), by enhancing the pests’ growth and spreading and
by weakening their enemies (Ayres and Lombardero 2000;
Buotte et al. 2017; Pureswaran et al. 2018; Thurman et al.
2017). The strict and complex interaction between biotic and
abiotic stresses renders difficult to understand the effect of a
single stress factor. Several studies focused on the impact of
climate changes on pathogens dynamics (Ayres and Lom-
bardero 2000, Greco et al. 2018, Pureswaran et al. 2018).
Blank et al. (2019) demonstrated that environmental condi-
tions strongly influence the defoliation and dieback rate of
Pinus spp. associated with Fusarium circinatum infections
(Blank et al. 2019). All these factors cause physiological
distress in plants usually reflecting on xylogenesis as well
(Cufar et al. 2011; Romagnoli et al. 2011) which is charac-
terized by a slower wood formation and narrower ring width
(Camarero et al., 2018). In chestnut it is quite difficult to
forecast how a slower growth reflects on ring width and, in
consequence, on wood quality because the species is char-
acterized by very large ring widths (Génova Fernandez and
Gracia Alonso 1984; Romagnoli et al. 2004). Indeed, the
relationship between ring width and wood density, which is
considered the main parameter associated with wood quality
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is not linear (Romagnoli et al. 2014). Infact after threshold
in ring width wood turns to have lower density and poorer
physical properties than healthy wood (Camarero et al. 2018;
Clair and Thibaut 2014; Militz et al. 2003). Camarero et al.
(2018), showed as the species due to coppicing and very fast
growth is not so much impacted in its ring width by defolia-
tion (Camarero et al. 2018).

It is not the aim of this article to cover the wide-branched
relationships between wood formation, ring width and wood
quality which are affected by many parameters. This work
aims to characterize chestnut wood from coppice stands
affected by some pathogens where chromatic aberrations
were observed. A physical (density, density profile by IML,
wood colour measurement) and a chemical approach (FTIR
spectroscopy) were used in order to understand if and how
colour abberations affect wood quality in terms of wood
density and mechanical properties. The hypothesis is that
we are assisting to a wood decay process, with a different
level of degradation affecting at different extent wood tis-
sues, located in stands showing signals of suffering.

Materials and methods
Study area and materials

The study was conducted on logs deriving from one of the
most important chestnut wood production areas in the region
of Lazio (Italy): Castelli Romani, where the soil is of vol-
canic origin. The sampling site for standing trees (G2 and
G3) was at the municipality of Lariano (Colle Del Noce)
at an altitude of 350 m a.s.l. and the selected area had a
quite low slope. Climate data for the period 2004-2019
from the “Velletri” meteorological station (352 m a.s.l;
41°41" N, 0°20" E) show an annual rainfall of 1300 mm
and annual average temperature of 15 °C (max <33 °C and
min. >-2 °C). The investigated sampling site is managed as
a coppice stand, the rotation period (T) is 24 years and the
standards left standing have an age of 2 T (48 years). Chest-
nut stands are usually thinned at about 2/3 T (14—15 years).
The forest coppice is monospecific (chestnut), but there are
also several Turkey oaks (Quercus cerris L.) and peduncu-
late oaks (Q. robur L.) of large size. The medium diameter
is 30 cm, and the medium height is 21.5 m. At the end of
the rotation period, the total number of shoots per ha should
be 1100-1200 with a mean trunk diameter at breast height
of 40.9 cm (30.8 for shoots and 44.6 for standards). The
reported yield is 250 m3/ha, summing up to a total yield of
5082 m”.

The sampling can be classified in three groups. The first
sampling (G1) was conducted in October 2018 in a sawmill
where some logs from stands in the Castelli Romani area
were processed. In particular, the boles came from the area
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located close to the investigated sites in Lariano municipal-
ity. Eight logs, all showing dark-brown coloured spots, were
selected for further analysis to verify if the colour altera-
tion could correspond to a loss of mechanical resistance by
drilling method. The first sampling (G1) served the purpose
of assessing the protocol to be used in the next on-site sam-
pling. At that point, 2 disks per log were taken in order to
perform the mechanical tests and, afterwards, the anatomical
analyses by ATR-FTIR spectroscopy and SEM in representa-
tive specimens.. A second sampling (G2) was carried out in
April 2019 on the site Colle del Noce selecting 12 standing
trees based on the observation of their physiological state,
namely the crown dieback or intense epicormic branching.
In fact, they presented epicormic branches although at a dif-
ferent extent. In the second group, the standing trees were
investigated only with the drilling depth machine. The third
group (G3) was selected in the same area of G1 and G2,

in October 2019 and the trees were investigated using the
drilling depth machine as well. Further, it was possible to
follow the complete transport chain from the forest site to
the sawmill and finally, it was possible to take several disks
(G3) as representative samples at about 50 cm from the bot-
tom of the log.

Sampling methods, plants main characteristics and per-
formed analyses are briefly explained in Table 1.

Detection of chromatic abnormalities
and macroscopic inspection

Before starting the investigation of disks coming from sam-
pling G1 and G3, macroscopic observation of the wood
samples was carried out. The most important stain types
are reported in Fig. 1 below. In Fig. 1a, there is an overview
of stain types found in the specimens. Stains around the

Table 1 List of the selected

. o Group ID Class* Diameter (cm) Age  Notes
trees and basic characteristics.
Method of investigation applied G Gl-1  Standard 344 40 Analyses with IML-RESI in sawmill on logs.
are also reported Mechanical tests (compression) and ATR-
FTIR spectroscopy on test pieces. Anatomical
analysis by SEM
Gl1-2 Standard 50,8 42
G1-3 Standard 44,2 44
Gl+4 Standard 42,8 74
G1-5 Standard 33,3 38
Gl1-6 Shoot 30,7 23
G1-7 Shoot 39,4 25
G1-8 Shoot 35,3 23
G2 G2-1 Standard 29,9 - Analyses with IML-RESI on standing trees
G2-2 Standard 26,4 -
G2-3 Standard 28,7 -
G2-4 Standard 50,0 -
G2-5 Standard 57,3 -
G2-6 Standard 43,0 -
G2-7 Standard 37,6 -
G2-8 Shoot 274 -
G2-9 Shoot 22,0 -
G2-10  Shoot 25,5 -
G2-11  Shoot 39,2 -
G2-13  Shoot 29,9 -
G3 G3-1 Standard 60,5 46 Analyses with IML-RESI on standing trees.
Mechanical tests (compression) and ATR-
FTIR spectroscopy on test pieces. Anatomical
analysis by SEM
G3-2 Standard 72,0 38
G3-3 Standard 80,3 45
G3-4 Standard 55,7 44
G3-5 Standard 45,9 38
G3-6 Standard 20,7 48
G3-7 Standard 33,4 48
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«Fig. 1 a Overview of the stain types found in the specimens. b Para-
tracheal stains (PT). ¢ Apotracheal stains (AT). d Type-A wood rot. e
Type-B wood rot. f Yellow staining (Y)

vessels, hereinafter referred to as Paratracheal stains (PT),
are shown in Fig. 1b. Similarly, stains spread throughout the
ring (Fig. 1c) were hereinafter referred to as Apotracheal
stains (AP). In Fig. 1d and e, there are two different type of
wood rot, which were not previously identified, therefore,
we named the first brownish stain Type-A wood rot and the
second white-yellow colouration (Fig. 1e) Type-B wood rot.
In Fig. 1f, a yellow area due to extractive accumulation (Y)
is presented.

Drill resistance measurement

The inner conditions of wooden structures can be inves-
tigated by perforating the sample with a micro drilling
machine (@ 2 mm) (Costello and Quarles 1999; Imposa
et al. 2014; Johnstone et al. 2007). In this study, an IML-
RESI F400 drilling depth device (IML, Wiesloch, Germany)
was used. Preliminary experiments were carried out in the
sawmill: logs with presence of chromatic alterations were
selected and one measurement at the bottom of the selected
logs was taken. In the second and third sampling group (G2,
G3), the analyses were carried out on standing trees, mainly
at the diameter at breast high (DBH) or at the plant collar.
The plants selected were rich of epicormic branching which
was considered a plant response to damage or stress (Nico-
lini et al. 2003; Seybold et al. 2019). Density profiles were
observed, it was assessed the healthy zone with mean ampli-
tude in % was assessed. The degraded zone was assessed
when an abrupt change in drilling was observed, the mean
amplitude was later compared to the healthy zones.

Physical and mechanical characterization

Physical and mechanical tests were carried out on the disks
taken from sampling G1 and G3. For each disk, samples
were taken in radial direction from the pith to the bark,
obtaining at average one to three specimens for each log
depending on the original size of the cut disks.

The samples were conditioned at 12% moisture content
(m.c.) and subsequently, the gravimetric density, the density
at 12% m.c. (p;,) and stress in compression parallel to grain
(0,,) were measured, following the procedures described
in Romagnoli and Spina (2013), Romagnoli et al. (2015),
Romagnoli et al. (2014) and Marini et al. (2021a). Clear test
samples measuring 20X 20X 30 mm (R X T X L) were tested
and measured. The universal testing machine Z050 (Zwick
Roell, Ulm-Einsingen, Germany) was used with a pre-load

of 50 kN and an analysis speed of 5 mm/min according to
the respective norm (UNI ISO 3787:1985).

Both wood density and mechanical properties were
analysed paying attention to the stained areas previously
described. Tests were carried out along the rays, starting
from the piths until the sapwood border and the sapwood
tissue was removed in the tested samples.

Spectroscopic analysis (ATR-FTIR spectroscopy)

One representative sample for each stain type was analysed
with a Jasco IRT-7000 Irtron Infrared Microscope (Jasco
Corporation, MD, USA) in the range of 2000—-1000 cm™!,
with 500 scans in absorbance mode, within an area of
100x 100 pm. The analysis was carried out on the main
selected chromatic aberrations illustrated in Fig. 1, selecting
at least three different zones in the same colour patch area.
IR bands were assigned according to Naumann et al. (2005),
Ozgeng et al. (2017) and Pandey and Pitman (2003).

Morphological and anatomical analysis (SEM)

After the ATR-FTIR analysis, the same samples were used
for an anatomical morphological characterization by Scan-
ning Electron Microscope analysis. The samples were
attached to aluminium stubs by a carbon tape and sputter-
coated with gold in a Balzers MED 010 unit (Oerlikon Balz-
ers, Balzers, Liechtenstein). A JEOL JSM 6010LA SEM was
used JEOL Limited, Tokyo, Japan).

Results

In Table 2, the presence of colour aberrations is reported. In
sampling group G1, half of the selected logs for the drilling
depth measurements showed chromatic aberrations. In G3,
following the chain from the forest to the sawmill, macro-
scopic observation identified 57% of the samples with evi-
dent signals of decay or chromatic aberration. It was noticed
that all of the affected plants were standards.

Drill resistance measurement

The possibility to use a drill to detect wood decay is already
known. Actually, the aim of this study, was not just to detect
damaged wood, but rather to understand if the colour altera-
tions correspond to damaged wood or if they are simply an
extractive accumulation or other superficial phenomenon of
wood alteration (i.e. oxidation) which has a different impact
on cell wall integrity. Results show that wood with no colour
aberration has a normal profile (Fig. 2a) without any abrupt
change in density except at the ring transition from early-
wood to latewood. In contrast, samples with visible colour
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Table 2 Colour aberration presence in specimens

Group ID Class Colour
aberrations
presence
Gl Gl-1 Standard v
G1-2 Standard v
G1-3 Standard v
Gl1-4 Standard v
Gl-5 Standard
GI1-6 Shoot
G1-7 Shoot
GI1-8 Shoot

G3 G3-1 Standard v
G3-2 Standard
G3-3 Standard v
G3-4 Standard
G3-5 Standard
G3-6 Standard v
G3-7 Standard v

alteration have a decrease in their respective density profile
corresponding to the damage occurred (Fig. 2b).

In Fig. 2b, a gradual reduction in the density profile start-
ing from the outer sound part towards the pith is evident cor-
responding to a strong sign of wood decay, drilling machine
has detected a transition zone in the middle where it starts
a gradual decrease.

Results of the drilling analyses in standing trees from
groups G2 and G3 are less clear. All of the selected trees
show phenotypic symptoms of suffering like epicormic

Fig.2 Density profile of a
healthy (a) and of a decayed
stem wood (b). No resistance
reduction occurred in a, in b
the dark-brown stain perfectly
corresponds to a resistance
reduction
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branches. For some samples, a regular drilling analysis pro-
file was found (Fig. 3c), but it there is a possibility of a fun-
gal attack at the collar of the tree, which is not yet visible at
DBH (Fig. 3a and c). The analysis by drilling machine finds
a confirmation when it was possible to investigate samples
of the G3 groups (Fig. 3c). In the disks it was possible to
observe signals of wood decay.

It was not possible to detect the presence of ring shakes
in all samples. In fact, ring shake defects were observed
only sometimes in cut trees, as it is known that this defect
occurs occasionally after timber cutting and drying (Spina
and Romagnoli 2010). Sometimes ring shakes are of trau-
matic origin and, thus, are associated with fungal infections
through the scars. This leads to wood decay progression and
consequently to a decrease in wood mechanical properties
(Romagnoli and Spina 2013). Therefore, the detection of
ring shakes can be important for an early detection of fungal
attacks.

In Table 3, the amplitude of the estimated healthy and
decayed zone of samples considered as decayed are reported
together with the corresponding length of the density profle.

By Table 3, it is evident that when wood is considered
decayed it is measured a decrease in amplitude which spans
from about 30% (G1-7) up to 67% (G1-2).

Physical and mechanical characterization

In Table 4, results of density measurements and compression
tests are shown. Specific density values groups are consist-
ent with literature related to trees sampled in the area of
Castelli Romani (0.500 g/cm?®). In contrast, compression test
results for sampling group G3 show lower values compared
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Root collar P

Fig.3 Sample density profile of trees in the G2 and G3 groups. a In G3, a healthy tree (b) and one with decay (c) are shown. Epicormic
G2, only the suffering plants were selected (wood rot is indicated by branches are present in both samples, but in ¢ its amount is higher
epicormic branching). Sometimes the rot is not visible at the diam- than in b. The wood samples derive from the base of the trunk

eter at breast high (DBH) profile, but it is at the root collar. For
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Table 3 Amplitude of the profiles considered decayed and diameter
of the damaged wood portion

Group ID Healthy wood Decayed wood Decayed
[Amplitude (%)] [Amplitude (%)] diameter
(%)
Gl Gl1-2 16.7+6.9 55+2.7 39.0
Gl-4 14.1+6.3 5.8+2.2 834
G1-7 22.1+59 154+4.2 5.8
G2 G2-2a  339+85 16.5+2.4 52
G2-2b  27.6%8.1 16.7+9.2 10.5
G2-3a  24.6+6.2 99+4.4 2.1
G3 G3-1 19.4+5.1 13.1+4.4 87.5

Table 4 Physico-mechanical properties of the test samples (pl12
... density at 12% m.c., 612 ... compressive strength parallel to the
grain)

Group  p;, (g/em?) 6, (MPa) Number of ~ Number
sampled trees of tested
samples
Gl 0.621+0.041 46.51+5.46 6 68
G3 0.541+0.042 29.65+6.58 5 79

Table 5 Mean of each quartile sorting following highest specific den-
sity (*p;,) and highest compressive strength (*c,,), respectively. Per
each quartile, also the percentage of stained samples is reported

Group Quartile Mean *p;, Stained Mean *6,,  Stained
samples samples

(%) (%)

Gl 0.693+0.019 429 54.38+2.88 57.1

0.647+0.013 64.3 48.19+£0.93 57.1

0.594+0.008 37.5 46.18+0.78 57.1

0.547+0.031 60.0 40.27+4.65 333

G3 0.606+0.024 42.1 39.05+4.34 36.8

0.555+0.012 47.4
0.522+0.006 31.6
0.472+0.041 10.0

31.76 +£0.88 42.1
27.72+1.10 15.8
22.43+3.12 35.0

AW = B W N =

to references, where values up to 50 MPa are reported
(Romagnoli et al. 2014; Romagnoli and Spina 2013). The
reason for such low values is not clear, although we need to
consider that the disc samples from group G3 were obtained
directly from the tree base, where tree rings are very wide
(see Table 5-G3) and therefore lower values for mechani-
cal test were shown already in past works of the authors
(Romagnoli et al. 2014).

In Table 5, test samples based on p;, (mean *p;,) and
then based on 6, (mean *c,,) were sorted. Even if in some
cases stained samples are largely present in quartile with
low values of p,, and o,,, (Fig. 4a), there is no real trend
between specific density, or compressive strength, with
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coloured samples. In fact, some test samples with colour
aberrations (Fig. 4b), had the highest value for specific grav-
ity and compressive strength (Q1).

Figure 5 shows further information of the behaviour
of the samples during mechanical testing. In Fig. 5a, the
green pressure curve is from a specimen with sound wood,
without colour alterations from the first quartile (Q1) of
the compressive strength ranking in Table 5. The blue
curve is related to a specimen with stained wood from the
fourth quartile (Q4) of the ranking in Table 5. The first
sample (G1-Q1, green line) has higher pressure resistance
and lower deformation than the second sample (G1-Q4,
blue line) and can deform up to 1 mm before breaking.
In Fig. 5b, the situation is similar: sample G3-Q1 (sound
wood, normal colour, high p,, and 6,,) and sample G3-Q4
(colour aberrations, and lower mechanical properties). In
the case of G3, the pressure curves are more irregular than
for G1. In both cases G1 and G3, the Q1 samples have
higher resistance than Q4 samples.

Spectroscopic analysis (ATR-FTIR spectroscopy
and imaging)

The chromatic aberrations in sound wood were analysed
by ATR-FTIR spectroscopy focusing on dark areas in para-
tracheal and apotracheal zones, respectively. Furthermore,
wood decay zones of Type-A and -B as identified by the
macroscopic investigations (Fig. 1) were analysed. Bands
assignments are reported in Table 6 according to Naumann
et al. (2005), Ozgeng et al. (2017) and Pandey and Pit-
man (2003). In Fig. 6, FTIR images based on the peak at
1030 cm™!, which is referred to the C-O bond vibration in
cellulose and hemicelluloses, are shown (Table 6).

FTIR analysis shows differences in the identified zones
with chromatic aberrations (Fig. 1) regarding the peak at
1030 cm™! related to cellulose. In the spectra related to the
dark stains, both paratracheal and apotracheal, the absorb-
ance of the bands shows some differences, which could be
ascribed to a possible starting of wood decay. In general,
the same absorbance bands are observed in the spectra
of all investigated zones. However, band intensities are
mostly lower especially the band at 1030 cm™! related to
cellulose. Further, the band at 1230 cm™ is shifted slightly
to lower wavenumbers in the spectra of the zones with col-
our abberations The spectrum of wood decayed by Type-
A rot is much flatter with less intense bands indicating
advanced degradation of both lignin and cellulose.

Additional information can be obtained from a semi-
quantitave analysis of lignin- and carbohydrates-specific
(cellulose and hemicellulose) absorbance bands intensi-
ties. In fact, comparing the different situations illustrated
in Fig. 1, variations of the ratios indicate alterations of



European Journal of Forest Research (2022) 141:683-698

691

Fig.4 a Test samples from the
fourth quartile (Q4) of both

G1 and G3, with strong colour
alteration. b Test samples from
the first quartile (Q1) with
high compressive strength with
colour aberration as well

cm 0
Fig.5 Compressive strength A 60
parallel to grain. a Chart of the SH
test samples of sampling group G1-Q4
G1. Best sample (Q1) in green, 50
and worst one (Q4) in blue. b
Best sample (Q1) in yellow,
and worst one (Q4) in red, both 49
from sampling group G3 .
~ O
S % 30
20
10
0
0 2 4

Deformation (mm)

the abundances of the three wood components. The ratios
were calculated using the equations (1) and (2) below:

L/C = Abs; 505 _ Lignin )
Abs;p;,  Cellulose
LJH = Abs;sps Lignin )

Abs,,;,  Hemicellulose

where L/C is the ratio between the absorbance at 1505 cm™
(Abs,5s), corresponding to lignin, and the absorbance at
1030 cm™" (Abs, ), corresponding to cellulose. L/H is the
ratio between the Abs,sys and the absorbance at 1735 cm™'
(Abs,435), corresponding to hemicellulose.

1 2 3 4 5
B 0 G3-Q1
—G3-Q4
50
40
8 &
&< 30
20
10
0
6 0 2 4 6

Deformation (mm)

Results of the semiquantitave analysis are reported in
Table 7. Colour abnormality attributed to Type-A wood
rot supposedly is deriving from a white-rot fungus, since
a decrease in the ratios L/C and L/H compared to sound
wood is observed. Additionally, FTIR mapping of Type-
A wood rot is shown in Fig. 7e, where a very irregular
absorbance distribution is observed. Lignin degradation
products deriving from white-rot decay can add absorb-
ance in this range to the underlying C-O vibrations of
carbohydrates. In contrast, in Type-B wood rot FTIR
spectra, the ratios are higher than in the spectra of sound
wood, meaning that cellulose and hemicellulose pres-
ence decreased relative to lignin as it generally occurs
in brown-rot. Paratracheal strains show higher L/C and
L/H ratios compared to sound wood, so they could be

@ Springer



692

European Journal of Forest Research (2022) 141:683-698

Table 6 Wavenumber in the

Wavenumber (cm™")
FTIR spectra and related bands

Peaks assignment

assignment 1750-1725

1640
1608-1603
1510-1508
1455-1421
1371-1369
1320
1250-1230
1224
1159-1155
1105

1030
897-893

C =0 stretch of acetyl and carbonyl groups in hemicellulose
Not assigned

Aromatic skeletal and C=O stretch vibration in lignin

C=C stretching of aromatic skeletal vibration in lignin

C-H deformation in lignin and carbohydrates

C-H deformation in cellulose and hemicellulose, phenolic OH
C—H vibration in cellulose and C—O vibration in syringil derivates
Syringyl ring and C-O stretching in lignin and xylan

Syringyl ring and C-O stretching in lignin and xylan

C—-O-C symmetric stretching in cellulose and hemicellulose
C-O stretching (holocellulose)

C-O vibration in cellulose and hemicellulose — CH deformation
C-H out of plane deformation in cellulose and hemicellulose
In-plane symmetric vibrations of C—H in cellulose

associated to an incipient brown rot decay. In apotracheal
stains zones, L/C ratio is lower than for sound wood, but
L/H ratio is higher. Pandey and Pitman (2003) explain this
last result as a selective (or preferential) white-rot decay
with a preferred preliminary degradation of hemicellu-
lose and lignin which later causes defibrillation through
degradation of the middle lamella. Therefore, apotracheal
stains might correspond to selective white-rot, where the
only “not-touched” component is cellulose.

Morphological and anatomical analysis (SEM)

In Fig. 7, wood morphology of stained specimen are com-
pared with sound wood using stereomicoscopy as well
as SEM.

In sound wood (Fig. 7a), healthy cell walls as well
as well-shaped tyloses are visible (Fig. 7b). One speci-
men characterized by the presence of both paratracheal
(Fig. 7c, d) and apotracheal (Fig. 7e, f) stains show fungal
hyphae inside the cells (Fig. 7d, f, g and h). Notewor-
thy, in the very dark-brown area in wood (Fig. 7e) the
hyphae are widely abundant (Fig. 7f) and furthermore the
tyloses are perforated by mycelium (Fig. 7d and h). Where
dark apotracheal zones are present, the cell wall is thin
(Fig. 7h) and fragile, in other specimen however the cell
wall is still sound (Fig. 7r). In Type-A wood rot (Fig. 71),
fungi are present too (Fig. 7m and n). Furthermore, dur-
ing the specimen preparation, the cells were compressed
by the blade, indicating weakened cell walls (Fig. 71). In
Fig. 7m, at the top left side, the cell wall surface is rough
and presenting a few cracks, while in the bottom right
side the cell is more intact, as indicated by the integrity
of the intervessel pits. As expected, in Type-B wood rot

@ Springer

(Fig. 70, p) hyphae are present. In yellow areas (Fig. 7q)
wood is sound, and there are encrusted extractives accu-
mulations inside the tyloses (Fig. 7r).

Discussions

The study showed that chromatic aberrations are some-
times evidently related to decreasing mechanical propertie
which means a more or less advanced wood decay. We
do not have scientific evidence on which pathogen could
be responsible for the wood decay process or if it is the
consequence of a parasitic attack on chestnut tree weak-
ening tree defense. Chestnut forests and coppice stands
are deliberately attacked by most widespread and known
pathogens such as Phytophtora spp. (Peters et al. 2019),
Chryphonectria spp. (Simoni et al. 2014), Dryocosmus
kuriphilus (Clark et al. 2019; Marcolin et al. 2021; Peters
et al. 2019). Thus, they can be sensitive to newly intro-
duced pathogens such as Gnomoniopsis smithogilvyi (Gno-
moniaceae, Diaporthales), which is well known for the
white nut rot of chestnut and can presumably affect the
gamic regeneration in forests. Furthermore, it was recently
proven that this new agent induces symptoms similar to
wood canker (Pasche et al. 2016; Shuttleworth and Guest
2017). The effects of pathogens on chestnut wood quality
are less investigated. Gunduz et al. (2016) highlighted that
in trees affected by chestnut blight disease, microscopic
wood characteristics including vessel diameter, vessel fre-
quency and vessel element length were irregular compared
to healthy wood.

Several other pathogens have been associated with
wood decay in chestnut such as Capronia kleinmonden-
sis Marinc., M.J. Wingf. & Crous, Collophora hispanica
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Fig.6 ATR-FTIR spectra of the different analysed areas and related
ATR-FTIR mapping for the wavenumber 1030 cm™!. a A sound wood
spectrum is compared with the spectra of paratracheal and apotra-

D. Gramaje, Moriostoma quercinum B. Nordén, Stereum
hirsutum (Willd.) Pers., Phialocephala dimorphospora
W.B. Kendr. and Fistulina hepatica (Schaeff.) With. or

Table7 Ratios between lignin (1505 cm™) and cellulose

(1030 cm™), respectively, hemicellulose (1735 cm.”!) absorbance
bands

Para-

Apotra-  Type-A Type-B Sound wood
tracheal  cheal wood rot wood rot
stains stains
L/C 0.110 0.070 0.067 0.127 0.091
L/H 0.833 0.630 0.398 0.994 0.596
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1105

oz
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cheal stains as well as with zones with Type-A and -B wood rot. b—e

ATR-FTIR mapped images for the wavenumber 1030 cm™ of the dif-
ferent stain types

Schizophyllum commune Fr., Serpula, Coniophora pute-
ana (Schumach.) P. Karst., just to mention some of the
most found in heartwood causing lignin and cellulose deg-
radation (Yurkewich et al. 2017). Some hypothesis come
from FTIR analysis which even if it cannot detect the
genus of the fungus (or fungi), it still delivers indications
based on chestnut wood decay patches and the respective
ratio of lignin and cellulose in the specific zones. Thus,
based on the ratio of lignin and cellulose absorbance band
intensities it is possible to distinguish between brown rot

and white rot fungi causing the decay (Pandey and Pitman
2003).
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Fig.7 a Sound wood in cross section. b Sound wood in cross section
(SEM). ¢ Paratracheal stains in cross section. d Paratracheal stains
in cross section, perforated tyloses in vessel. e Apotracheal stains in
cross section. f Apotracheal stains in radial section, stained area full
of hyphae. g Apotracheal stains in radial section, regular coloured
area with a slight amount of hyphae. h Apotracheal stains in cross
section, perforated tyloses and damaged and thin vessel cell wall. i
Type-B wood rot in cross section. 1 Type-B wood rot in cross sec-

In the 1990s, a new heartwood discoloration, the Chest-
nut Red Stain (CRS), was noticed in Spain. Since 2006, the
disease, locally referred to as Roig, became an economic
concern for sweet chestnut farmers (Tusell and Rovira
2006). Wood industry does not accept diseased trees with
stained wood and thus about 70% of timber value is cur-
rently lost (Regué et al. 2019). Among the nine fungal taxa
isolated from CRS wood, F. hepatica was suggested to be
the possible cause of the disease (Yurkewich et al. 2017).
F. hepatica is a common pathogen that develops on sev-
eral broadleaves. It is present in Europe, North America,
South America, Australia and Asia (Butin 1995; Schwarze
et al. 2000b). It can enter the tree trunk through mechani-
cal damage and develop without appearing symptoms for
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tion, wood cells highly compressed. m Type-B wood rot in radial sec-
tion, inner cell wall with encrusted deposits and hyphae. n Type-B
wood rot in radial section, external surface completely damaged and
particular of a hypha. o Type-A wood rot in cross section. p Type-
A wood rot in cross section (SEM). q Yellow area in cross section.
r Yellow area in cross section, well formed tyloses with extractives
accumulations and present fungal hyphae

several years. F. hepatica attacks are enhanced by stress
from environment and from stand conditions (Regué et al.
2019). Other chestnut rot pathogens like C. hispanica were
recovered with high frequency from wood samples of other
broadleaves showing necrosis and brown to black vascular
streaking but never reported as the cause for discoloration
of chestnut wood. At the end of our investigations it can be
affirmed that chromatic aberrations found in Italian chest-
nut correspond to the CRS found in Spain even if in the
Italian case the colour of the stain seems browner. In Ital-
ian chestnut, chromatic aberrations were found mainly in
the lower portion of the tree in accordance with Yurkewich
et al. (2017). There are some differences in the shape of
the chromatic aberrations, as in the sampling group G1 a
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darker but overall uniform heartwood colour was detected,
while in sampling group G3, besides decay rot, there were
irregularly stained patterns. In all examined samples, chro-
matic aberrations affected the density profiles obtained by
IML RESI drilling as well as ATR-FTIR spectra and map-
ping. However, no obvious signs can associate chromatic
aberrations with substantial losses of specific density (p)
or axial compressive strength.

Although this study did not aim to detect the mycobiome
associated to the stain patches, we could hypothesize that
rot fungi are involved in the development of discolorations.
The presence of discolouration within heartwood is often
associated to a multitude of fungal enzyme phenol oxidases
(laccase) and heme peroxidases, such as lignin peroxidase
(LiP), manganese peroxidase (MnP) and versatile peroxi-
dase (VP), produced by the fungi for lignin degradation
(Schwarze et al. 2000a).

Our assumption is confirmed by the presence of rot symp-
toms and hyphae in all types of chromatic aberrations, as
assessed by SEM analysis, in addition to IML-RESI drill-
ing and ATR-FTIR spectroscopy, respectively. Moreover,
chestnut wood rot fungi, especially F. hepatica, are com-
monly present in Latium region. The fungal attack has not
yet compromised physical and mechanical properties like
density and compressive strength of the wood. Thus, the pre-
sented results are consistent with the research of Schwarze
et al. (2000a) and Yurkewich et al. (2017), who showed that
wood attacked by F. hepatica is able to maintain mechanical
properties for extended periods of time after colonization.

In the last century, climate changes and invasive alien
species, mainly associated with the trade of plants (Santini
et al. 2013), determined qualitative and quantitative changes
in the chestnut ecosystem. This resulted in a general resil-
ience decrease as well as changes in population dynamics
and growth of some pathogens (e.g. G. castanea) (Vannini
et al. 2017) and changes in the biological and disease cycle
of primary chestnut pathogens like C. parasitica (Meyer
et al. 2015).

In addition, forest harvesting can enhance the stress sta-
tus of a forest. Practices that favour wounds on a tree for
example by harvesting facilitate the entrance of wood decay
agents (Wiedenbeck and Smith 2018) and cause ring shake
defects in wood.

Furthermore, silvicultural management affects tree age
and older trees are usually more sensitive to pathogens
responsible of chromatic aberrations (Yurkewich et al.
2017). It was also suggested that the number of coppice
rotations and the age of the existing root stock could be
related to the presence of wood decay fungi in wood. Since
we found the most damage in standard trees in the coppice,
the result must be related to the actual discussion about the
effective role of few and sparse standard trees in coppices,
which is not considered anymore convenient from both an

economic as well as ecological point of view. The number
of standard trees in coppices needs to be questioned regard-
ing the higher potentiality of biotic attack caused by their
presence (Manetti et al. 2017; Marini et al. 2021a; Roberts
et al. 2020).

Since sampling was focused on trees with the most signs
of suffering, no reliable conclusions can be made regard-
ing incidence of chromatic abberations in the population of
the respective forest stands. Nevertheless, the investigation
established a methodology to find an early decay stage in
shoots and standards and it proved that chromatic aberra-
tions are similar to red colour stain and are an indication for
wood degradation. At the moment, they do not affect wood
production in the investigated area and they do not affect
the market although the symptoms cannot be neglected.
Their presence would inevitably lead to an exclusive use of
chestnut wood for energy use, which currently is the most
widespread application in Italy especially for wood from
coppice stands (Delfanti et al. 2014; Zambon et al. 2016) or
wood of reduced quality (Paletto et al. 2019; Pieratti et al.
2019), compromising years of research that have valorised
this species for uses with higher added value (Brunetti et al.
2020; Carbone et al. 2020).

Conclusions

New pest epidemics and diseases are emerging in forests
world-wide. Many of them are novel associations between
different pathogens, making its prediction and early detec-
tion challenging. Therefore, when an infection is registered,
it is mostly already in a state of emergency. The phenom-
enon observed in our sampled trees, finds interesting cor-
relations to the Spanish chestnut red stains, and even if we
do not know what is the biotic agent, we can state that in our
case the chromatic aberrations are associated with an early
stage of wood decay, especially in the standards. Moreover,
the discolourations were found at the plant collar and they
have not affected the physical-mechanical properties in a
significant way, in particular wood density. Optimization of
forest management is crucial in order to limit the damage
caused by pathogens and render the trees more resilient. At
the moment, the incidence of the phenomenon is unknown,
but it can be easily and early detected by the states of suffer-
ing of the plant and by means of IML-RESI drilling analy-
sis. However, these findings suggest more attention and a
deepening of the investigation to understand, which type of
agent has caused the degradation, if and how climate change
is responsible and how forestry activity can mitigate some
effects. To keep the observed phenomenon under control is
of profound interest in order to avoid to overlook premoni-
tory signs of wood decay and tree mortality.
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