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Natural Durability of Citharexylum spinosum and
Morus alba Woods Against Three Mold Fungi

Maisa M. A. Mansour,2 Mohamed Z. M. Salem,”” Mohamed H. Khamis, and
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The natural durability of wood to mold fungi was tested under laboratory
conditions with locally sourced Citharexylum spinosum and Morus alba
woods. The mold fungi were Penicillium selerotigenum, Paecilomyces
variotii, and Aspergillus niger. Changes in surface elemental composition
were evaluated with energy dispersive X-ray spectroscopy (EDX) and
the biodeterioration of wood surfaces by scanning electron microscope
(SEM). The C peak element of C. spinosum wood was affected
significantly (P = 0.0004) and decreased from 49.91% in the control
specimens to 47%, 40.1%, and 40% with P. selerotigenum, A. niger, and
P. variotii, respectively. Also, the C peak element of M. alba heartwood
significantly decreased (P < 0.0001) from 51.33% in the control
specimens to 41.49%, 45.66%, and 43.66% in wood inoculated with A.
niger, P. variotii, and P. selerotigenum, respectively. The elements Al
and Cu were observed in high percentages with M. alba heartwood
inoculated by P. variotii. The methanol extract from M. alba heartwood
showed good inhibition against the growth of A. niger at a concentration
of 32 yg/mL, and the methanol extract from C. spinosum wood showed
remarkable inhibition against the growth of P. variotii at a concentration
of 8 pug/mL. The results of this study clearly showed the changes that
occur in wood samples as a result of fungal infestation.
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INTRODUCTION

Wood is a natural organic material that consists of hemicellulose, cellulose,
lignin, and minor amounts of extraneous materials, mostly in the form of organic
extractives and inorganic minerals such as ash (Pettersen 1984). Generally, wood has an
elemental composition of about 50% carbon, 6% hydrogen, 43% oxygen, and trace
amounts of nitrogen and several metal ions.

While in storage, wood may deteriorate, discolor, stain, or be left with other
devaluing damage as a result of different types of mold that either penetrate or live only
on the surface of the wood (Sirmah et al. 2009). Mildews or mold fungi are not capable
of degrading the structural components of wood, i.e., cellulose, lignin, and hemicellulose;
therefore, they do not cause a decrease in wood strength (Viitanen and Ritschkoff 1991,
Hukka and Viitanen, 1999; Daniel 2003; Ghosh et al. 2008). Biodeteriogenic fungi have
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the ability to use substrates such as the simple sugars and starches that are present in ray
cells and axial cell lumens to sustain their growth and reproduction, thereby altering
wood and wood products (Sequeira et al. 2012; Rosado et al. 2013). A significantly large
growth of mold fungi, however, may act as a medium for other possible means of decay
(Scheerer et al. 2009; Sterflinger and Pifiar 2013).

The natural durability or resistance of wood against decay or mold fungi is
primarily dependent on the chemical composition of the wood (Philip et al. 1995).
Jelokova and Sindler (1997) found that the durability of beech and spruce wood against
Trametes versicolor and Serpula lacrymans was increased by tannins. On the other hand,
the sugar contents have a negative effect on the wood durability of beech wood (Jelokovéa
and Sindler 2001). Fungal mycelium utilizes the sapwood in all wood species; some
wood species like oak, elm, walnut, and mulberry, which have high natural extractives in
heartwoods, are resistant to fungal attack (Kazemi 2007). Several woods, especially the
heartwood, contain extractives that are toxic for fungi (Neya et al. 2004; Arango et al.
2006; Taylor et al. 2006; Maranhéo et al. 2013).

White mulberry (Morus alba L.) is native to northern China and has been widely
cultivated and naturalized abroad. It is a wild plant available throughout the year, in large
numbers in Beni-Suef, Egypt (Hussein et al. 2010). The wood has been reported to be
durable (Se Golpayegani et al. 2010; Se Golpayegani 2011). Different wood, bark, and
leaves extracts of M. alba have shown antibacterial, antifungal, antioxidant, antiviral, and
anti-inflammatory properties (Chung et al. 2003; El-Beshbishy et al. 2006; Lokegaonkar
and Nabar 2011; Salem et al. 2013). Many biological compounds have been identified
from different extracts of M. alba, such as tannins, phytosterols, sitosterols, saponins,
triterpenes, flavanoids, benzofuran derivatives, morusimic acid, anthocyanins,
anthroquinones, glycosides, stilbenes, 2-arylbenzofurans, and oleanolic acid (Chen et al.
2005; Yogisha and Raveesha 2009). Resorcinol, which corresponded to the highest
proportion of heartwood extracts (Salem et al. 2013; Se Golpayegani et al. 2014), has
been reported to have preservative effects against basidiomycete fungi (Adikaram et al.
2010) and against Coptotermes formosanus termites (Yamaguchi et al. 2002).

Citharexylum spinosum, also known as C. quadrangulare or C. fruticosum,
belongs to the family Verbenaceae, which includes common plants known as
Fiddlewood, is a species of flowering plant native to southern Florida in the United
States, the Caribbean, Guyana, Suriname, and Venezuela (Huxley et al. 1997; Wagner et
al. 1999; Mar and Pripdeevech 2014). Iridoid glucoside, the 7-3-O-acetate of lamiide,
along with the iridoid glucosides lamiide, lamiidoside, duranterectoside C, 8-epiloganin,
and the lignan glucoside (p)-lyonirenisol-3a-O-R-D-glucopyranoside, have been isolated
from the aerial parts of C. spinosum (Khalifa et al. 2002; Balazs et al. 2006).
Additionally, the extracts and essential oils from the flowers of C. spinosum have been
shown to exhibit antibacterial and antioxidant qualities (Wei and Shibamoto 2007; Mar
and Pripdeevech 2014).

The aim of the present study was to evaluate the natural durability of Morus alba
and Citharexylum spinosum woods against the mold fungi Penicillium selerotigenum,
Paecilomyces variotii, and Aspergillus niger. These three mold fungi are common molds
growing on wood surfaces, where, the wood used in humidified conditions such as in
bathrooms or sauna rooms.The evaluation was carried out by elemental analysis using
energy dispersive X-ray spectroscopy (EDX) as well as studying the fungal growth on the
surface of the wood using a scanning electron microscope (SEM).

Mansour et al. (2015). “Wood and mold fungi,” BioResources 10(3), 5330-5344. 5331



PEER-REVIEWED ARTICLE b | oresources.com

EXPERIMENTAL

Chemicals
All of the chemicals used in the present study were of high analytical grade from
Fluka and Sigma-Aldrich Co. (USA).

Preparation of Wood Samples

In the present study, locally sourced samples of white mulberry (Morus alba L.,
family: Moraceae) heartwood and Florida fiddlewood (Citharexylum spinosum L.,
family: Verbenaceae) were used. The samples were collected from various locations
around Alexandria city, Egypt, during August 2014. Wood samples measuring 20 x 20 x
20 mm were prepared at the Faculty of Agriculture, Alexandria University sawmill
workshop and air-dried at room temperature for about three months.

Fungal Inoculation

The mold fungi Penicillium selerotigenum, Paecilomyces variotii, and Aspergillus
niger were used to inoculate the wood samples at the Conservation Department, Faculty
of Archaeology, Cairo University, Giza. Spore suspensions were prepared separately by
adding 10 mL of sterilized distilled water to each plated, 15-day-old PDA culture of each
fungus and freeing spores through the use of a camel brush (Darwish et al. 2013). Spore
suspensions were individually strained through muslin and standardized to contain
1.2x10° spores/mL using a haemocytometer slide. Wood blocks (20 x 20 x 20 mm) of
each wood type were oven-dried at 105 °C for 24 h, then autoclaved at 121 °C for 20
min. After cooling, three blocks of each wood type were used for each fungus. The wood
blocks were sprayed until they were covered with a spore suspension of each fungus and
incubated for eight weeks at 25+1 °C and 65% relative humidity (RH). Non-inoculated
wood blocks were used as controls. An SEM (FEI Quanta 200 SEM FEG, USA) was
used to study the fungal colonization of the wood surfaces by examining the changes in
the surface morphology and particle size of the deteriorated samples. The microbial
deterioration of both the inoculated and non-inoculated wood samples was studied by
measuring the elemental distribution by energy dispersive X-ray spectroscopy (EDX) as
well as the microbial growth on wood surface using the SEM (Danilatos and Robinson
1979). EDX analysis was used to measure the changes in the chemical composition of the
un-inoculated and inoculated wood surfaces.

Wood Extracts

The methanol extracts of 50-g, air-dried, powdered samples of M. alba heartwood
and C. spinosum wood were used to determine the antifungal activity of extracts by
measuring the minimum inhibitory concentration (MIC) against the three tested mold
fungi. The MIC values of the extracts were determined according to Eloff (1998), with
slight modification. The concentrations of the methanol extracts ranged from 8 pg/mL to
1000 pg/mL.

Statistical Analysis

Analysis of variance (ANOVA) procedure (SAS version 8.2, 2001, USA) in a
completely randomized design (CRD) was used to study the statistical differences
between the two wood species in terms of changes in surface elemental analysis as
affected by the mold fungi P. selerotigenum, P. variotii, and A. niger. Fisher's least
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significant difference (LSD) at a 5% level of probability was used to measure the
differences among the means of the elemental composition of the wood surfaces.

RESULTS AND DISCUSSION

SEM and EDX Analyses of Wood Inoculated with A. niger, P. variotii, and P.
selerotigenum

The surface analysis of C. spinosum wood and M. alba heartwood samples
inoculated with A. niger, P. variotii, and P. selerotigenum was performed by EDX and
SEM. Results are shown in Tables 1 and 2 and Figs. 1-6.

Table 1 presents the changes in elemental composition of the surface of C.
spinosum wood samples as affected by the three mold fungi by comparison with the un-
inoculated control samples. The C peak element was significantly affected (P = 0.0004)
and decreased from the 49.91% seen in the control to 47%, 40.1%, and 40% as a result of
the wood samples being inoculated with P. selerotigenum, A. niger, and P. variotii,
respectively. The results showed that A. niger and P. variotii consumed a high amount of
C in comparison with the control. The change in the Oelement peak of the wood samples
was not significantly affected by inoculation with P. selerotigenum (34.55%), A. niger
(34.67%), and P. variotii (35.15%) in comparison with the control (35.76%). The amount
of N observed in control samples was 4.85%, and this was completely consumed by the
three mold fungi tested. Si element peak in the wood showed significant effects after
inoculation with A. niger (3.14%) in comparison with the control treatment (1.45%). The
P element peak decreased from 3.38% (control) to 1.32% (A. niger) and 0.23% (P.
selerotigenum) but increased by 5.25% in surface wood inoculated by P. variotii. Al
increased significantly (P < 0.0001) from 0.47% in the control to 6.09% as a result of
inoculation with P. selerotigenum.

Table 1. Elemental Analysis (Atomic %) of C. spinosum Wood Inoculated with
Three Mold Fungi

Wood + Wood + Wood +

Element Control A. niger P. variotii P. selerotigenum L SDo.s P value
C 49.91* 40.10 40.00 47 4.10 0.0004
@] 35.76 34.67 35.15 34.55 ns 0.256
N 4.85 0.00 0.00 0.00 1.74 0.0004
P 3.38 1.32 5.25 0.23 2.34 0.005
Al 0.47 0.75 1.84 6.09 1.35 <0.0001
Si 1.45 3.14 0.00 1.78 0.29 <0.0001
S 0.00 1.98 4.13 0.84 0.46 <0.0001
K 0.67 1.59 0.66 0.56 0.63 0.017
Ca 0.89 451 0.57 0.56 141 0.0005
Zn 0.00 3.44 0.93 2.67 0.82 <0.0001
Mg 1.38 0.00 4.15 0.00 0.10 <0.0001
Cl 0.00 1.40 2.42 0.55 0.16 <0.0001
Mn 0.55 0.00 0.29 0.00 0.39 0.0341
Fe 1.56 0.74 3.76 0.48 0.98 0.0002
Cu 0.00 6.36 0.84 4.67 0.78 <0.0001

*: Values are the mean of three replicates.
ns: Not significant at 0.05 level of probability according to Fisher's least significant difference.
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The highest amount of S element observed in the inoculated wood samples was in
those samples inoculated by P. variotii (4.13%), and the highest amount of Zn element
was observed in the wood inoculated with A. niger (3.44%). S and Zn elements were not
detected in the control samples. Ca element peak was significantly increased (P = 0.0005)
in the surface of C. spinosum wood, from 0.89% in the control to 4.51% in wood
inoculated by A. niger. The highest amount of Mg element peak was observed in wood
inoculated with P. variotii (4.15%) and was not observed at all in the wood samples
inoculated with A. niger and P. selerotigenum in comparison with the 1.38% of the
control. Furthermore, a significant amount of Cl element was found in the wood samples
inoculated by P. variotii (2.42%) but was not observed in the control. Cu element was not
observed in un-inoculated C. spinosum wood samples but was observed in significant (P
< 0.0001) amounts in wood treated by A. niger and P. selerotigenum at 6.36% and
4.67%, respectively. The highest amount of Fe element, 3.76%, was observed in wood
samples treated with P. variotii in comparison with the control amount of 0.69%.

Table 2 shows the changes in elemental composition of the M. alba heartwood
samples as a result of inoculation by the three mold fungi A. niger, P. variotii, and P.
selerotigenum in comparison with the un-inoculated control samples. The presence of C
was decreased significantly from 51.33% in the control to 41.49%, 45.66%, and 43.66%
in the wood samples inoculated with A. niger, P. variotii, and P. selerotigenum,
respectively. The O presence on the surface of the wood samples was not significantly
affected in wood inoculated with A. niger (36.91%), P. variotii (33.73%), and P.
selerotigenum (34.91%) in comparison with the control (36.24%). N was almost entirely
consumed by the three mold fungi, where a small amount was observed in the surfaces of
wood samples inoculated by A. niger (0.007%) in comparison with the control (1.07%).
The presence of P decreased from 2.01% in the control to 1.07% in samples inoculated
by A. niger and to 0.30% with wood inoculated by P. variotii and increased to 3.46% in
samples inoculated by P. selerotigenum.

Table 2. Elemental Analysis (Atomic %) of Inoculated M. Alba Heartwood with
Three Mold Fungi

Element  Control Wood + Wood + Wood + LSDo.os P value
A. niger P. variotii P. selerotigenum
C 51.33* 43.66 45.66 41.49 2.44 0.0006
(@) 36.24 36.91 33.73 34.91 ns 0.0510
N 1.07 0.007 0.00 0.00 0.015 <0.0001
P 2.01 1.07 0.30 3.46 1.22 0.0462
Al 1.29 0.36 7.81 457 2.41 <0.0001
Si 0.00 2.15 2.76 2.26 1.09 <0.0001
S 0.00 1.24 0.92 3.51 0.45 <0.0001
K 2.18 2.84 0.58 0.61 0.47 0.0109
Ca 0.68 5.53 0.65 0.41 4.24 0.0004
Zn 0.00 1.7 0.41 1.29 0.71 <0.0001
Mg 2.1 0.00 0.00 3.12 1.22 <0.0001
Cl 0.00 0.58 0.80 2.13 0.44 <0.0001
Mn 1.53 0.17 0.14 0.00 0.79 0.0242
Fe 0.69 0.34 0.87 0.39 ns 0.6117
Cu 0.00 3.44 5.31 1.84 1.34 <0.0001

*: Values are the mean of three replicates.
ns: Not significant at 0.05 level of probability according to Fisher's least significant difference.
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Compared to the 1.29% of the control, the presence of Al was increased
significantly (<0.0001) to 7.81% in wood inoculated with P. variotii and 4.57% in wood
samples inoculated with P. selerotigenum but decreased to 0.36% in samples inoculated
with A. niger. The presence of Ca on the surface of M. alba heartwood was increased
significantly from 0.68% in the control to 5.53% in samples inoculated by A. niger. Mg
was observed in wood inoculated with P. selerotigenum at 3.12% but was not observed in
the wood samples inoculated with A. niger and P. variotii in comparison with the 2.1% of
the control. Si was observed at 2.76%, 2.15% and 2.26% on surface of M. alba
heartwood inoculated by P. variotii, A. niger and P. selerotigenum, respectively, but it
was not observed in the control samples. S, Zn, CI, and Cu were not observed in the
elemental composition of the control wood but were observed with different percentages
in the wood samples inoculated with the three mold fungi. For example, Cu was observed
at 5.31% and 3.44% in heartwood surface of M. alba inoculated with P. variotii, and A.
niger, respectively, but was not observed in the control.

As was reported by Ljaljevi¢c-Grbi¢ et al. (2013), the mold fungi used in this
experiment utilize available sugars, hemicellulose, proteins, and amino acids as the
primary means of deteriorating wood materials. The distribution and growth of the fungal
hyphae of the three tested fungi over the surface of C. spinosum wood, as observed by
SEM, are shown in Figs. 1, 2, and 3. The hyphae and spores of A. niger (Fig. 1) and P.
variotii (Fig. 2) inundated the surface of the C. spinosum wood, while the anatomical
structure of the P. selerotigenum wood was partially visible and not completely covered
with spores and hyphae (Fig. 3).

— oy Ldiede R x100 ) 106pun
A- Control treatment; B, C- Inoculated samples

Fig. 1. SEM images of the wood surface of C. spinosum inoculated with A. niger
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Fig. 2. SEM images of the surface of C. spinosum wood inoculated with P. variotii
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A- Control treatment; B, C- Inoculated samples

Fig. 3. SEM images of the wood surface of C. spinosum inoculated with P. selerotigenum

The observed conidiophores of the tested A. niger were smooth-walled, hyaline,
and turning dark towards the vesicle. The conidial heads were biseriate, and the phialidic
conidia were globular and black (Figs. 1 and 4). The fruiting bodies and ascospore
formations of P. variotii can be clearly seen in Fig. 2C. The mycelium of P.
selerotigenum typically consists of highly branched, septate, and usually colorless hyphae
(Lamsal et al. 2013). The sexual reproduction of perfect stage Penicillium resulting in the
production of cleistothecium ascocarp can be seen in Figs. 3C and 6C.

Figures 4 to 6 show that the surface of M. alba heartwood was totally covered by
the spores and hyphae of the three tested mold fungi. It has previously been reported that
M. alba wood from Australia and Asia is nonresistant to decay (Tewari 1978), but two
stilbene-type compounds, oxyresveratrol trans-2,3',4,5’-tetrahydroxy-stilbene 1, a
component of heartwood, and its 4'-prenyl derivative, have been isolated from the xylem
tissue of the M. alba samples inoculated with Fusarium solani f. sp. mori (Takasugi et al.
1978; Takahashi and Shirata 1982). These compounds had previously been extracted
from Osage orange wood and shown good antlfungal activity (Barnes and Gerber 1955).

A- Control tretment B, C- Inoculated samples
Fig. 4. SEM images of the surface of M. alba wood inoculated with A. niger

A- Control treatment B, C- Inoculated samples

Fig. 5. SEM images of the surface of M. alba wood inoculated with P. variotii. The fruiting bodies
and ascospore formations are clear in Fig. 5C.
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Fig. 6. SEM images of the wood surface of M. alba inoculated with P. selerotigenum

P. variotii, a soft-rot fungus, is called a green mold because of the color of its
spores and mycelium (Yoon et al. 2007) and may be recognized by its dense brush-like
spore-bearing structures (Pitt 1979; Domsch et al. 1980). It produces a yellow
discoloration in oak wood during storage and drying (Bauch et al. 1991). P. variotii
produces ample amounts of xylanase (Schmidt et al. 1979) and excretes glucuronidase.
Additionally, the fungus P. variotii may be used to obtain tannins that are suitable for
adhesives (Schmidt et al. 1984; Schmidt and WeilRmann 1986). Also, the sugars found in
spent sulfite liquor can be converted by P. variotii for use as animal feed (Forss et al.
1986).

Species of Penicillium are known for their ability to produce extracellular
enzymes including cellulase (Krogh et al. 2004). Additionally, some Penicillum species
can degrade pectin, while a greater number of species are able to degrade xylan (Yoon et
al. 2007). The production of xylanase enzymes by Aspergillus spp. has been studied by
de Vries and Visser (2001); the hydrolytic enzymes involved include endo-1,4-B-
glucanases; exo-1,4-pB-glucanase, and 1,4-B-glucosidases for cellulose hydrolysis; and
endo-1,4-B-xylanases and p-xylosidases for hemicelluloses hydrolysis (Biely and
Tenkanen 1998).

By growing mold fungi over the surfaces of wood, there were large fruiting
structures that release vast numbers of spores in nature, as shown in Figs. 1 through 6
(Mansour and Salem 2015; Mansour et al. 2015).

In our previously works (Mansour and Salem 2015; Mansour et al. 2015), we
started to find the changes in the full elemental composition of woods as affected by
mold fungi using the EDX technique. For example, the C and O elements compositions
of wood (Acacia saligna) were decreased compared to the control treatment
(unincubated) as affected by the mold fungi; Trichoderma harzianum, Alternaria
tenuissima, and F. culmorum.

Most of the research studies were focused in the using of natural extracts or
essential oils against the growth of mold fungi, for example, the oils of Garlic, Neem,
Clove, Olive and Ajwain caused significant reduction in the growth of A. niger, A. flavus,
P. variotii, Penicillium sp., Trichoderma sp., Grifola sp. and T. viridi (Hussain et al.
2013). Also, the three tested mold fungi showed a variety of growth inhibition responses
to fatty acid extracts from the wood, bark, and leaves of Brachychiton diversifolius
(Salem et al. 2014a) and the wood essential oil and methanol and chloroform extracts
from the wood and bark of Delonix regia (Salem et al. 2014b).
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Antifungal Activity of Methanol Extracts

According to the MIC values presented in Table 3, the methanol extracts from M.
alba heartwood showed good inhibition against the growth of A. niger at low
concentrations (32 pg/mL) and relatively high concentration against P. variotii and P.
selerotigenum, with MIC values of 500 and 250 pg/mL, respectively. Among some
extractives used for wood impregnation, extracts of mulberry were most effective relative
to wood durability (Kazemi 2007). Phenols, stilbenes, flavonoids, and sterols in the
extractives of white mulberry wood have been reported (Venkataraman 1972; Rowe and
Conner 1979; Se Golpayegani et al. 2010; Sadeghifar et al. 2011). The toxicity of
extracts from M. alba could be related to resorcinol, which corresponded to the highest
proportion of the alcoholic extract that has been reported in earlier works (Sadeghifar et
al. 2011; Salem et al. 2013; Se Golpayegani et al. 2014). Moracin N, M and P have been
isolated before from M. alba (Nguyen et al. 2009).

The results showed that the heartwood methanol, acetone, and ethyl acetate extracts
of M. alba had the best inhibitive effect on Coriolus versicolor, Gloeophyllum trabeum
and Botryodiplodia theobromae compared to the others studied extracts from other trees.
The ethyl acetate extracts (1g/L) showed inhibition rate for three fungi over 85% and at
the concentration of 3g/L was 100%, with ECso value at 0.173g/L, 0.324g/L, and
0.057g/L, respectively (Ying 2009).

Table 3. MIC Values (ug/mL) of Methanol Extracts of C. spinosum Wood and M.
alba Heartwood and Against the Growth of A. niger, P. variotii, and P.
selerotigenum

Methanol extract MIC value (ug/mL)
A. niger P. variotii P. selerotigenum
M. alba (heartwood) 32 500 250
C. spinosum 250 8 500

The methanol extract from C. spinosum wood exhibited remarkable inhibition
against the growth of P. variotii at low concentrations (8 pg/mL) and at high
concentrations. Inhibition against A. niger and P. selerotigenum growth was found with
MIC values of 250 pg/mL and 500 pg/mL, respectively. The antifungal effect of extracts
from C. spinosum could be related to the active constituents like iridoid glycoside
phlomiol, 5-deoxy pulchelloside, larniide, durantoside | and lamidoside (Khalifa et al.
2002; El-Naggar 2007).

Extracts from wood have been recognized as potential agents against the growth
of mold and other wood-destroying fungi, for example, the wood extracts of Cupressus
sempervirens (Tapondjou et al. 2005), and Maclura pomifera heartwood wood extracts,
morin, oxyresveratrol, and 1,3,6,7-tetrahydroxyxanthoneshowed potential fungicidal
activity (Barnes and Gerber 1955; Wolfrom and Bhat 1965).

CONCLUSIONS

1. In the present study, the surface elemental changes of C. spinosum wood and M. alba
heartwood were monitored as well as the growth of the three tested mold fungi P.
selerotigenum, P. variotii, and A. niger using EDX and SEM techniques.
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2.

10.

11.

C, mostly in wood carbohydrates and lignin, was significantly decreased and
consumed by the three tested mold fungi.

C was significantly (P = 0.0004) decreased from 49.91% in the control to 47%,
40.1%, and 40% in wood inoculated with P. selerotigenum, A. niger, and P. variotii,
respectively.

C in C. spinosum wood was affected significantly (P = 0.0004) and decreased from
49.91% in the control to 47%, 40.1%, and 40% with P. selerotigenum, A. niger, and
P. variotii, respectively.

C in M. alba heartwood was significantly (P < 0.0001) decreased, from 51.33% in the
control to 41.49%, 40%, and 43.66% in wood inoculated with A. niger, P. variotii,
and P. selerotigenum, respectively.

The change in O peak element was not significantly affected by inoculation with the
three tested mold fungi.

Other elements showed different percentages according to wood species and type of
mold fungus. For example, Al and Cu were observed in high percentages with M.
alba heartwood inoculated by P. variotii.

SEM images showed the distribution and structures of spores and hyphae of the three
tested mold fungi.

The methanol extract from M. alba heartwood showed good inhibition against the
growth of A. niger at the concentration 32 pg/mL, and the methanol extract from C.
spinosum wood showed remarkable inhibition against the growth of P. variotii at the
concentration of 8 pg/mL.

The natural durability between M. alba heartwood and C. spinosum wood showed
variation according to the colonized fungi as shown in the variations of elemental
composition.

Other work is recommended to study the natural durability of some commercial
woods with the same mold fungi.
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