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ABSTRACT

Fungi are wood-decaying organisms, and this is an important trait that should be considered in wood utilization.
When fungi attack wood, it decreases the quality of the wood. The use of metal screws has become an important
part of woodworking. The ability of fungi to decay wood and damage metal screws that are embedded into wood
is varied. In this study, eight fungal species were evaluated with respect to their ability to decay Parashorea smythiesii
and P. tomentella wood. In addition, the effect of fungi on corroding metal screws was determined using the Kolle
flask method. The evaluation showed that the fungal species Schizophyllum commune, Pycnoporus sanguineus, and
Polyporus arcularius were highly capable of decaying Parashorea spp. woods. The greatest wood weight loss occurred
with the heartwood of P. tfomentella exposed to S. commune. Based on the classification of wood resistance against
fungal attack, the two Parashorea spp. were classified as moderately resistant woods (class III). Schizophyllum commune
was classified as highly capable of decaying wood that was embedded with metal screws and was highly capable of
corroding metal screws placed in fungi-culture media. The greatest weight of rust powder formed because of screw
corrosion was obtained from screw-embedded wood exposed to S. commune. Additionally, the most severe corrosion
of metal screws that were embedded into woods was caused by the activities of P. arcularius. Moreover, the average
weight loss of screw-embedded wood was greater than that of unscrewed wood.
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1. INTRODUCTION

Indonesia has an abundant number of fungi in nature
that has functional benefit for the environment. °Fungi
are recognized to be notable organisms that create a
broad range of biological products in the form of
secondary metabolites (Lee et al., 2016). For example,
Polyporus brumalis, the white-rot fungus that able to
produce terpenoids through terpene synthase, which

catalyzes an essential step that forms an enormous range
of sesquiterpene products from farnesyl pyrophosphate
(An et al., 2018). On the other hand, fungi have become
one of the most crucial wood decay organisms that
should be considered in the utilization of wood. Many
types of fungi have been determined in affecting the
durability of wood in a certain condition. The well-
known types of fungi that attack wood are soft rot,
brown rot, and white rot. The type of decay could

I Date Received November 11, 2019, Date Accepted December 25, 2019
2 Forest Products Research and Development Center, JI. Gunung Batu No. 5, Bogor 16610, West Java, Indonesia
t Corresponding author: Listya Mustika DEWI (e-mail: lizthya@gmail.com, ORCID: 0000-0003-4517-0196)

- 50 -



Determining the Wood (Parashorea spp.) Decaying and Metal Corroding Abilities of Eight Fungi

classify cell wall degradation caused by fungal attack.
Every type of fungi produce various enzymes and
degrade different woody materials and thus inhabit
ecological functions (Pawlik et al., 2019).Therefore,
assessing the durability of wood against fungi is
important to determine the proper utilization of wood
and also possible treatment to enhance the durability
of wood.

Parashorea is one of the genera from the
Dipterocarpaceae family that consists of about 14 spe-
cies, which are widely distributed throughout the
South-East Asia region. In Indonesia, 9 species of
Parashorea distributed in Sumatra (3 species) and
Kalimantan islands (6 species) (Soerianegara and
Lemmens, 1993). While Oey (1990) reported the basic
properties i.e. specific gravity, strength class and dura-
bility class of four Parashorea wood species in
Indonesia. Parashorea has been considered as one of
the main commercial timbers in South-East Asia.
However, some species have not been studied compre-
hensively for their basic properties. This study was
focused on observing two species of Parashorea from
East Kalimantan i.e. Parashorea smythiesii and P.
tomentella for their resistance against fungi attack.

In the utilizations of wood such as for building
construction, wood often incorporates with metals such
as nails and screws. In particular condition, the metal
can be damaged through corrosion process because of
direct physical contacts between woods and metals
especially under wet environments (Li ef al, 2011;
Sugiyanto and Sudika, 2010). The corrosion rate might
be affected by the attack of fungi on wood, so that
this study also investigates the effect of fungi in
corroding metal screw that embedded into wood
samples. This research is aimed to examine the
capability of eight fungi species to decay Parashorea
spp. wood originated from East Kalimantan at their
heartwood and sapwood parts, and to examine the

influence of selected fungi in corroding metals.

2. MATERIALS and METHODS

2.1. Materials

The main wood materials consisted of Parashorea
smythiesii Wyatt-Smith ex P. Ashton and Parashorea
tomentella (Sym.) Meijer. The wood samples were
obtained from natural production forest grown in Berau,
East Kalimantan, located at coordinate point 01°85'06.1"
S, 117°04'56.7" and 01°85'06.1" S, 117°04°55.3" E,
respectively. The materials used were malt extract,
bacto agar, potato dextrose agar (PDA), alcohol,
distilled water, and metal screws. The tested fungi were
eight species such as Chaetomium globossum FRI
Japan-5-1, Lentinus lepideus HHBI-267, Polyporus
arcularius HHBI-371, Polyporus sp. HHBI-209, Phlebia
brevispora Mad., Pycnoporus sanguineus HHBI-324,
Schizophyllum commune HHBI-204, and Tyromyces
palustris HHBI-378.

2.2. Methods

The tested specimens of two Parashorea spp. were
prepared in 5 cm (parallel to grain direction) x 2.5 cm
(wide) x 1.5 cm (thick) size. The sample preparation
followed the previous research by Djarwanto, Suprapti
and Hutapea (2018); Suprapti and Djarwanto (2014).
The specimens were taken from sapwood (near the
cambium layer) and heartwood (nearest layer to the
pith) at bottom, middle, and top of logs and tested for
determining the properties of wood-resistance. Meanwhile,
tested specimens for properties of corroding-wood
action on screws were obtained from heartwood (4 cm
laterally from the pith), also at bottom, middle, and
top of logs; and further embedded with screws. All
test specimens were marked with numbers, weighed,
and then oven-dried at 103+2°C until reached constant
weight.

Test media for decaying-fungi were MEA (malt-extract-

agar), which consisted of malt-extract (3%), bacto-agar
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(2%), and distilled water. The media used for Chaetomium
globosum fungi comprised PDA (potato-dextrose-agar)
39 g/l in distilled water, similarly as performed by
Suprapti, Djarwanto dan Andianto (2016). All the media
after being inoculated with fungi-culture were stored
in the incubation chamber until the growth of fungi
mycelium became evenly spread and thickened, fol-
lowing Indonesia’s National Standard (SNI, 2014).

The decay and corroding-wood properties test was
performed using the Kolle-flask method, which referred
to Indonesia’s National Standard (SNI 7207:2014). The
wood samples with their known oven-dry weight were
put into the Kolle-flasks that had already contained the
pure culture of fungi. Each of Kolle-flasks was allocated
for three wood specimens, comprising sapwood and
heartwood; and each was from consecutively bottom,
middle, and top of the tree stem (decay test). For
corroding test, each of those Kolle-flasks was exposed
with three wood specimens, comprising unscrewed-
wood and screwed-wood; and each was from con-
secutively bottom, middle, and top of wood logs, and
then incubated for 12 weeks. At the end of the tests,
the samples were removed from the flasks, cleaned from
the attached mycelium, weighed to acquire the wet
weight of the decayed woods, and put into the oven
for to reach oven-dry weight.

In another related experiment, as many as three
Kolle-flasks that also already contained fungi-culture
media were prepared for each of eight fungi species,
whereby further on media inside the flasks were
laid-down the two screws vertically upside down such
that the screw heads touched the upper media surface;
and then incubated for 12 weeks. After 12-weeks
incubation, screws were removed from Kolle-flasks,
then cleaned off the attaching mycelium. All of the
screws in wood or fungi medium further washed with
a technical alcohol-acetone solution with the aid of
nylon brushes. Afterwards, the cleaned screws were
allowed to dry, and further weighed to obtain the final

screw weight, as has also done so in the previous
research (Djarwanto and Suprapti, 2015).

The percentage of weight loss, calculated from initial
and final weight, was used as a measure of the amount
both of decay wood and corroding screw (SNI, 2014).
As one of wood basic properties, initial pH of two
wood species of Parashorea spp. were each measured
on the mixture of powdered wood specimens and

distilled water (1:1 proportion, w/w).

2.3. Data analysis

Data analysis on weight loss (WL, %; this related
to decay-resistance test) of Parashorea spp. woods were
assessed using completely randomized design (CRD)
with 2x3x2x8 factorial pattern (wood species, vertical
wood part (top, middle, bottom), horizontal wood part
[sapwood, heartwood] in the logs, and fungi species)
with 6 replicates; and also using CRD (for WL; besides,
this related to corroding-wood action test) with 2x3x2x8
factorial pattern (wood species, vertical wood part
[upper/top, middle, bottom] in logs, screw treatment
[control/unscrewed woods, screwed woods], and fungi
species) with 5 replicates. Meanwhile, WL of screws,
embedded into woods; and weight of rust powder (mg)
that occurred due to screw-corrosion at screw-embedded
woods were assessed using CRD with 2x3x8 factorial
pattern (wood species, vertical part in the logs [top,
middle, bottom], and fungi species), each similarly with
5 replicates. Further, average WL of woods in decay
test and corroding test was grouped into 5 classes, which
referred to class criteria for wood resistance against
fungi attack, in accordance with SNI 7207:2014, i.e.
class I-V. Further, data analysis on WL of screws (in
fungi-medium) employed also CRD with single factor
(eight fungi species) with 6 replicates. Finally, the fungi
capability to decay woods was categorized into 5 stages,
i.e. very low, low, moderate, high, and very high, which
referred to criteria of wood loss following SNI
7207:2014’s Standard.
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3. RESULTS and DISCUSSION

3.1. Wood decay

One of characteristics to measure decayed-woods by
fungi is the weight-loss of wood, as it stated by
Dinwoodie (1981) that wood weight-loss and wood
damage indicate fungal attack on wood. Wood weight-
loss in decaying process reflects cell-wall destruction
due to degradation process of wood chemical components
particularly cellulose and lignin. Capability of particular
fungi species in decaying particular wood species varies.
Average weight loss of Parashorea spp. woods due
to decaying-fungi is described in Table 1. The higher
capability of particular fungi to decay woods, the lower
the resistance of those woods.

Table 1 shows the variation capability of several
fungi in decaying two Parashorea spp. Schizophyllum
commune afforded the highest capability to decay woods
which indicated by the greatest wood weight-loss,
followed by Pycnoporus sanguineus. Meanwhile, lowest
fungi capability to decay woods that indicated by the
lowest wood weight-loss was performed by Lentinus
lepideus followed by Chaetomium globosum. Further,
Djarwanto (2018), Suprapti and Djarwanto (2012), and
Takahashi and Kishima (1973) affirmed that in decaying
woods, C. globosum and L. lepideus exhibited low
capability, while Polyporus arcularius, Polyporus sp.,
Pycnoporus sanguineus, and Tyromyces palustris atforded
high capability.

Tukey test (p<0.05) revealed that overall average
percentage weight-loss of Parashorea smythiesii (7.11%)
was lower than that of P. tomentella (9.86%). One of
the possible reasons is because of the presence of tyloses
in the vessel cells of P. smythiesii (Djarwanto et al.
2014) which could inhibit the growth and spreading
of fungi mycelium and consequently caused the slower
process of wood degradation. De Micco et al. (2016)

stated that the occlusion of vessel through tyloses or

gums has important roles in limiting the spread of
pathogens and wood decay organisms. Another previous
study also mentioned the adverse effect of tyloses
blocking in vessels on the balance between air and water
which important for the growth of fungi (Quartey, 2009).
Dickson (2000) indicated that the increase of elm trees
resistance was influenced by the presence of tyloses.

Scrutinizing horizontal position of wood specimens
in the logs, it is found that overall average weight-loss
of heartwood corresponded to 6.20% (belonged to class
III), which was lower compared to sapwood, i.e. 10.76%
(p <0.05) thereby regarded as a non-resistant wood
group (class IV). This is due to the condition of tree
samples, which were still in an active growth period
and therefore physiologically developed more extractives
thereby inhibiting fungi growth. Bamber (1987);
Bouslimi et al. (2013); Takahashi and Kishima (1973)
mentioned that extractive content in old wood was
greater than in young wood, and also extractive content
in heartwood was greater than in sapwood. Accordingly,
the heartwood is more resistant against microorganism
attack (including fungi) due to toxic-extractive presence.
Further, Bouslimi ef al. (2013); Suprapti and Djarwanto
(2012) asserted that average weight loss of heartwood
was greater than that of sapwood. This implies that
resistance capability of heartwood is greater than
sapwood. Meanwhile, scrutinizing vertical position in
wood logs, it disclosed that the least weight loss occurred
at the bottom part (7.42%), followed in increasing
order at the middle (8.57%) and top part (9.46%), as
confirmed by Tukey test at p<0.05. It is understood
that the proportion of mature wood at the bottom part
was higher than the upper part of the stem.

The assessment of resistance class of woods against
decaying-fungi through laboratory-scale showed that
two Parashorea spp. could be classified into a moderately-
resistant wood group (class III). In these research results,
Parashorea tomentella afforded greater resistance

against organism attack than similar wood species, as
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Table 1. Average weight loss percentage and class resistance of woods against fungi

Parashorea smythiesii (%) Parashorea tomentella (%) Overall
Species Bottom Middle Top Bottom Middle Top average
HW SwW HW SW HW sW HW SW HW sw HW sw 7o loss (%)
Chaetomium 1.86BCPEFGH 3 6GVyzABC | GGABCDERG 4 gouwsyzAB () 99FGH. (IT) 4,16""WAB | g9CPEFGH 7 groparsiuny 9 7x32ABCDE g j guoparstuw | gGBCDEFGH - ¢ gpastovsy 3 g0 T4
glohosum (“) DEFGH (ll) H (“) CDEFGH (“) CDEFGH (“) (“) xyzABCDEF FGH (“) xyzABCD (lll) (II) zABCDEFGH (H_IH)}

(1) (1m

Lentinus lepideus  0.63" (I) ~ 4.83""B | 30%GH 3 75wwzABC () ggFGH (1) 4. gguwwnzaB | 3pEFGH | goBCDEFGH ) 3gDEFGH 5 7(pABCDEF 730 (11)  2.8397ABCPE 297 & (11}
CDEFGH (H) (H) DEFGH (H) CDEFGH (H) (H) (H) (H) GH (H) FGH (H)
Phlebia brevispora 1.51°PFFH  4.8guzAB 1 3gDEFGH 1 gghiidmnop  p7ABCDEFG 15 geehiidmno 3 g7wxyzABC 5 ¢ VA5 FTHEA 7 (FUSE g GQUAB g ggikimnonant 5 gg ¢ (][]
CDEFGH s H DEFGH BCDEFGH BCDEFGH ABCDEFGH CDEFGH uvw
(I (I = (1V) (I M (V) (I (1 (1 (HD (I am vy
Polypoms 0.66" (I ls.ogefg\mk\ 0.5411 (II) 16.32cdefghuk 3.53»‘»\&)'1?\]1(‘ 19l95abcdcfg 10.2@klmnpqrs 16.53¢dcfgl\u 11.49I\uklml\bp 12.97\]klmnop 8.05ParsY 14.45e1‘ghuk1m 10.82 © v
arcularius vy 1%} DEFGH (1) (1v) wV) (V) SLIV) (V) WABCDE 1y (V)
(1)
Palypams sp. g QIOPAISIVW 7 QHOPAIUVWX | @ S SO 0 | Gy 2_63a\BcDEF 2.94xyL’\BCDE 3_42wxymacn 9_361mnummu 4_68uwmyms 19_24:«:“1&! 5,94ty 15_66efghukl 7.89 d {III
xyzABCDE yzABCDE (IH) wxyzAB (Hl) ABCDEFGH GH (H) FGH (H) EFGH (H) VWXYZ (HI) CDEFGH (H) (IV) ABCDEFGH (IV) (H.]V)}
(1) (1) (1)
Pycnopoms 2l532ABL'DLl' 7.5]0parstuvex 3.36“}7’“’(0 9.36lml\bpqlsm 12.84ghuklmno 2429@ (IV) 6437wy 15.87dcfgl\ukl 15.685@1\]1{\ 22.79abc 8.74mmoparstu 17.66b0d:fghl 1225 b v
sanguineus () VeABCDEFG EFGH () vz () P (1) ABCDEFGH (1) (V) (V) WA (M) (IV) vy
(1) (1)
Schizophyllum 12’06]|v1khm|np 12.41hikimnop 1) gikimnopg g 3 qnoparstuvie 1 1 ggjikimnopg 5 | gabede 22,6 (V) 17.69%¢ihi 95 43 (V) 17.79bcdeleh 14 o5fehifimn |7 ggbodefeh 5 97 @ (py
phy U
commune V) T V) R\ I (11 I (A%} (V) ) ) (V) ) V)

Tyromyces palustris 4,19"W7AB 5 §72ABCDEF g souwixyzAB 3 43wxysABCD o) o abedef
CDEFGH (I GH (In CDEFGH (I EFGH (I W)

9.5 mnoparst
(L)

5.QgamvwyZ {7 | (edefzhi
ABCDEFGH ([V)

9 §5Kmoparst | ) ggikimnopq 3_5§\r\vxyz,\sc 16.40°%4 8,99 ¢ (1]
uvwx (I“) Tstu ([V) DEFGH (II) (IV)

11-1V)
(I @y
Average % 495 {IV (I-IV)} 746 (I (I-IV)} 620
loss of HW (%)

Average % 926 {1l (I-1V)} 1226 {IV (I-1V)} 10.76

loss of SW (%)

Overall average 7.11° {III (I-1V)}

% loss (%)

9.86 * {III (II-IV)}

Remarks: Average weight loss in the column as well as in the row followed horizontally, and overall average percentage weight loss values in
each column and row followed by same letters are not significantly different (Tukey test, p<0.05). Roman numbers in parenthesis reveal
wood-resistance class where I is very resistant and V is very susceptible (SNI 2014). HW: Hardwood, SW: Softwood.

mentioned in the previous report by Oey (1990), which
conversely belonged to class IV, whereby he made an
evaluation based on life service of woods, without
mentioning specific species of attacking-organisms.
According to Martawijaya and Barly (2010), woods
that belonged to class I-II could be used for construction
materials. However, if the woods belonged to class
MI-1V, they should be treated or preserved prior to their
uses to increase their resistance against attacking-
organisms. Djarwanto (2018) stated that those woods
could be preserved with CCB (copper-chrome-boron)
and CCF (copper-chrome-fluor) chemicals using soaking

or vacuum-pressure methods.

3.2. The decay of screwed woods
Average weight loss of wood that embedded by
screws; weight loss of screws, inserted into woods; and
weight of rust powder (collected from the former screw
holes at screw-embedded woods) are presented in Tables
2, 3, 4. Analysis using CRD revealed that wood species,
screw treatment, and fungi species affected wood
weight-loss, screw weight-loss, and weight of rust
powder significantly (p<0.05). The greatest weight loss
of woods (19.73%) occurred in Parashorea tomentella
taken from the middle part of the logs, which were
embedded with screws and then exposed to Schizophyllum

commune (Table 2). Fungi attack on woods which were
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Table 2. Average percentage weight loss and their resistance class of heartwood after embedded by screw and
exposed to fungi

Parashorea smythiesii (%)

Parashorea tomentella (%)

Overall
Species Bottom Middle Top Bottom Middle Top average %
1 Yo
Screw No Screw No Screw No Screw No Screw No Screw No oss (%)
Chaetomium 3.48 ™ 1.801YWz @ goiikimnop | ggstuvwxyz 5 goparst 1 gwxyz 3.3Q0PSIY | J3UWXYZ 4 | 4mOPAISt ) SEPAWVW 3 g3n0paY | @AWYz 5 @@ d (I
globosum (1) (11) Iy (I (D) (1) w7 (1) (D) T (D) Y)Y D) () (I-111)}
Lentinus LO5™% 0597 (I) 1.06™%  L17™%* 0347 (1) 0.93% (I) 1.41""%7 27907 7 g ehikimn p qgvwyz p pguwsz 687 (1) 1.55 © {II
lepideus In (In (I (In (I k(I D (In (II-IIT) }
Phiebia 055 (I) 149552 [ W92 [ 35U0W07 9 7Pty ) pgsuwiayz 3 guopsuy 3 pgopasy @ gahikinno 5 | glmnopars 5 (zhmnopars 4 3qmuopars 3 17 4 (]
brevispora (I (I (I ()] (I ORI MR D) RIS (M) MYV () MW D) YT (D) (I-IV))
Polyporus 1,667 (.74 (I 1.90%ws2 () 512 (I 7 44ghikimn 3 5onoparstuv 3,56mpastuy 10.27¢ehikl @ 1 gkimnopar 11 o gefehiik @ goiikimnop 7 7 gehijkimn 5 10 ¢ {III
arcularius (I (I U () YY) YY) (V) ST (V) W) P () (I-IV)}
Polyporus sp. 12.48%% @ o5ikimmopa 15 ggdefe g gklmnopar g (yphifkimno 3 Hgoparstuy 4 3ymnoparst 3 gopauy 17 3gabed 4 ggnoparsuy |3 ggedel g g Skimnopar @ 53 b {111
vy s () (IV) S (D) (1T wwI ([T wwezZ ([ W ([ (TV) Wz (V) WD) (IL-IV))
Pycnoporus 2.820USIY ) 4SASNNK ) stz 3 J3opastay ) (stvyz | () Qeluhiik 3 SguopasTY @ spiikimop 6 ggiikimiop 14 gobede | jqwz g g7fehikimn 5 3g ey
sanguineus EAD ¥ 1D (I wean o dn Iv) YR 9 (I e ) (IV) (I (11IT) (II-IV)}
Schizophyllum — 6.89"1mm° g 33¢lehikim 11 ggefeh g goclehifkim 15 godefe 11 g7efehi | 54¢%h 17 3630d 19730 19.17% 1837 14.03"% 1348 °
commune PIS (M) (1) Iv) (IIT) av) (Iv) av) av) av) (Iv) Iv) av) {IV
(II-IV)}
Tyromyces 11.67¢%h 4 p3mnopasst 14 [ pbede 4 pgmuoparst 5 | ohikimno ¢ g qijkimnop ) gefehik 5 ggklmnopar 13 gedel g 3gefshijkim g ()sabe 3,609 g 06 b (I
palustris av) WD) (IV) WWNT(IT) P (M) IS (T (IV) WY () (IV) (IIT) Iv) I (I-IV)}
Average % loss 5.63 7.99 6.81
of screwed (%)
Averae % loss  3.94 6.87 5.41

of unscrewed (%)

Overall average 4.78 ° {II (II-IV)}

% loss (%)

7.42 ° {1 (ILIV)}

Remarks: Numbers in the column as well as in the row followed horizontally, and overall average percentage weight loss values in the column
and row followed by same letters are not significantly different (Tukey test, p<0.05). Roman numbers in parenthesis reveal wood-resistance class

where I is very resistant and V is very susceptible (SNI 2014).

screwed could also cause corrosion to screws. The
presence of fungi and its metabolism process imparted
a significant role on screw corrosion. Metals would
prevalently become corroded, when in physical contact
with humid air, acid, base, salt solutions, and oils that
contained water (Hendrix, 2006). Further, the resistance
and safety of building frames are often determined by
the fastening between metals and woods (Li et al., 2011).
Corrosion of metals which are fastened to woods could
also trigger wood decay (Xu, 2017).

Average weight loss of screwed and unscrewed
(control) wood at Parashorea tomentella (7.99% and
6.87%) is greater than that of P. smythiesii (5.63% and
3.94%, respectively). Further, the overall average

weight loss of unscrewed woods (5.41%) was signi-

ficantly lower than screwed woods (6.81%). This was
commensurate with the statement by Suprapti and
Djarwanto (2015), who asserted that weight loss of
woods fastened by screws was greater compared to
woods without screws. This situation revealed that
screws fastened to woods could also affect the wood-
decay rate. Further, Noetzli et al. (2007) also affirmed
that the presence of screws in physical contact with
woods could enhance fungi activity to decay woods.
Based on the Tukey test (p<0.05) revealed that the
overall average percentage weight-loss of Parashorea
smythiesii (4.78%) was lower than that of P. tomentella
(742%), as on Table 2. It reveals greatest overall average
weight loss of woods (p <0.05), which were embedded
by screws occurred at the middle part of logs (7.16%),
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followed by the top part (6.16%), while lowest weight
loss was at the bottom part of logs (4.99%).

Each fungi species afforded varying capability in
decaying screw-embedded heartwood; in corroding
screws embedded into woods. Schizophyllum commune
exhibited the highest in decaying two species of
Parashorea spp woods, embedded by screws. Meanwhile,
four fungi species (Polyporus arcularius, Polyporus sp.,
Pycnoporus sanguineus, and Tyromyces palustris)
afforded moderate capability. Ultimately, Chaetomium
globosum, Lentinus lepideus, and Phlebia brevispora
fungi revealed low capability.

The pH of two Parashorea spp. wood species varied
about 6.01-6.40, conforming the statements by Takahashi
and Kishima (1973), & Li ef al. (2011), woods with
pH in 4.5-7.0 range tended to enhance metal-corrosion
potential. Further, Cole and Schofield (2000) asserted
that prevalently woods with pH equal to 4 or less were

corrosive to metals than with pH above 5.

3.3. Screw corrosion in wood and fungal
culture media

Table 3 reveals that greatest weight loss of screws
that fastened into woods occurred at the bottom of P.
tomentella wood-logs, further exposed to Schizophyllum
commune fungi. Relevantly, Krilov (1987) asserted that
metals which were fastened to different wood species
exhibited differing metal weight-losses as well.
According to Knaebe (2013), woods with high extractive
content tended to inflict corrosion more severely on
irons. Weight loss of screws occurred because reaction
proceeded between wood extractives and metals, which
caused metals corrosion and hence weight loss. Besides,
such reaction also caused woods in physical contact
with screws to undergo hydrolysis and hence decrease
wood weight. According to Foliente, Leicester, Ang,
Mackenzie, and Cole (2018), initially, corrosion
damaged metals, fastened to woods; gradually

destroyed; and then negatively-affected wood

resistance. Further, Kip and van-Veen (2015) explained
that corrosion of screws fastened to woods implied the
impact of serial reaction that resulted from chemicals,
physicals, and microbiology reaction processes, further
inducing wood decay. Besides, biocorrosion indicates
the consequences of electrochemical reaction affected
by microorganisms (including fungi).

From the Table 3, it can be seen that the overall
average weight loss of screw (p <0.05) at P. tomentella
(1.75%) is greater than that of P. smythiesii (1.24%).
Further, overall average weight loss of screws each
exhibited insignificant difference (p<0.05) among
different vertical positions in wood logs i.e. bottom
(1.54%), middle (1.36%), and top portions (1.61%).

Greatest fungi capability in corroding the screws
which embedded into woods was found at Polyporus
arcularius (2.78%). Besides that, the greatest capability
in corroding screws (placed on fungi-culture media)
was performed by Schizophyllum commune (8.54%),
while the capability of seven fungi to corrode metals
were not significantly different from each other (p<
0.05). In relevant, Suhartanti (2006) stated that fungi
afforded great role in corroding metals. Further, it is
revealed that weight loss of screws (embedded into
woods) was mostly lower than the loss of screws (in
fungi culture-media). This is because in the latter case,
fungi activity could solely exclusively corrode the

screws, but not in the former case.

3.4. Rust powder in wood

Table 4 discloses weight data of rust powder, left-
behind inside screw holes after screws’ removal from
decayed-woods. The greatest weight of rust powder was
encountered inside former screw holes of screw-removed
decayed-wood specimens originated from the bottom
of Parashorea tomentella wood logs, then placed on
Schizophyllum commune fungi culture; followed by
decreasing order by top part, placed on the same culture.

Weight of rust powder as formed due to Schizophyllum
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Table 3. Weight loss percentage of the screws embedded into woods and in fungal culture media

Overall average

A Parashorea smythiesii Parashorea tomentella % loss (%)
Species ’
Bottom Middle Top Bottom Middle Top In wood In cu Fure
media
Chaetomium globosum 0.75% 0.91"h 0.44¢1 0.21" 0.99¢h 0.508" 0.63° 436"
Lentinus lepideus 0.10 0.28" 0.717%h 1.08eh 0.77% 1.g3bedefehi 0.79° 3.48°
Phlebia brevispora 0.99e" 0.80E" 1.77¢deehi 1.78cdeehi 3.27% 1.83bedereni 1.74% 3.34°
Polyporus arcularius 3.11% 1.46%7eh 2.00Pcdefeh 2.978bcde 3.55% 3.56% 278" 2.86°
Polyporus sp. 1.35°%eh 0.30" 2.040cdefeh 1.03h 1,121 0.478" 1.05% 2.81°
Pycnoporus sanguineus 1.05% 1.4gefehi 0,87 1.8goedetehi 2.,19¢bedefe 0.84h 1.38% 2.51°
Schizophyllum commune ~— 1.52°%fhi 0.58¢h0 2.4470edef 3.95° 1.3]°fehi 3.56" 2.23° 8.54°
Tyromyces palustris 1.52¢deehi 1.99bederen 1.54¢deehi 1.419¢fehii 073 1.35°eh 1.41¢ 0.94°
0,
Average % loss of 130 179 154
bottom part
Average % loss of
middle part 0.98 1.74 1.36
0,
Average % loss of 1.48 174 161
top part
0,
Overall average % 1.24b 175

loss (%)

Remarks: Average weight loss in the column as well as in the row followed horizontally, and overall average percentage weight loss values in
each column and row followed by same letters are not significantly different (Tukey test, p<0.05).

Table 4. Weight of rust powder (mg) in post-screwed holes

Parashorea smythiesii (mg) Parashorea tomentella (mg) Overall
Species - - average
Bottom Middle Top Bottom Middle Top weight (mg)

Chaetomium globosum 3.6° 3.4 3.0° 3.2° 2.8° 2.6° 3.1°
Lentinus lepideus 27, gibedeeh 15.81ehi 25.6 i 19.6 26. i 30.0%cdefe 24.17°
Phlebia brevispora 12 4ikimnop 17 giklmnep 10.gikimnep 23 4edefehijk] 24 4bedelehii 23 edefehi 17.63¢
Polyporus arcularius 25, gibedefehi 38.4% 28 gibedee 22 gefeniikim 25 bodefehiik 23 gedetehiikl 27.37%®
Polyporus sp. g 4lmnop 3.0 120 20, S ehiikimn 19, (¢ehiikimno 7.4mnop 9.93¢
Pycnoporus sanguineus 5.4 12, ghikimnop 16.8eh 156801k 36.6™ 5.0m° 15.37°
Schizophyllum commune — 22.0%Ehikm 22 gfefehikim 31 47cdel 41.4° 33,6 39.6% 31.67°
Tyromyces palustris 5.6™P 2.0 10.04meer 29.6eete 28 4bedeleh 19 4etehifkimn 15.83°
Average % loss of
bottom part 13.88 22.00 17.94

0,
Average % loss of 13.65 24.50 19.08
middle part

0,
Average % loss of 15.95 18.83 17.39
top part
Overall average 14.49° 21,78

weight (mg)

Remarks: Numbers in the column as well as in the row followed horizontally, and overall average weight loss values in each column and row
followed by same letters are not significantly different (Tukey test, p<0.05).
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commune fungi was the greatest (31.67 mg), followed
by decreasing order by Polyporus arcularius (Table 4).
Based on the Tukey test (p<0.05), the overall average
weight rust powder of Parashorea smythiesii (14.49 mg)
was lower than that of P. tomentella (21.78 mg). The
overall average weight of rust powder exhibited
insignificant variation (p<0.05) among different vertical
positions in wood logs i.e. bottom (17.94 mg), middle
(19.08 mg), and top portions (17.39 mg).

Greatest fungi capability in corroding the screws
placed on fungi-culture media was performed by
Schizophyllum commune. In relevant, Suhartanti (2006)
stated that fungi afforded great role in corroding metals.
Weight of rust powder as formed due to Schizophyllum
commune fungi was the greatest, followed in decreasing
order by Polyporus arcularius (Table 4). Further, it
is shown that weight loss of screws (embedded into
woods) was mostly lower than the loss of screws (in
fungi culture-media). This is because in the latter case,
fungi activity could solely exclusively (100%) corrode

the screws, but not in the former case.

4, CONCLUSION

The capability of fungi to decay P. smythiesii and
P. tomentella beginning from the highest to the lowest
was consecutively Schizophyllum commune, Pycnoporus
sanguineus, Polyporus arcularius, Tyromyces palustris,
Polyporus sp., Phlebia brevispora, Chaetomium globosum,
and ultimately Lentinus lepideus fungi. For each Parashorea
species, the average weight loss of heartwood (belonged
to class IIT) was lower than sapwood (class IV). Mean-
while, vertically, the average weight loss at the bottom
part of the wood was the lowest.

On the other hand, average weight loss of woods
which were fastened by screws was higher than woods
without screws. Fungi capability in decaying screw-
embedded woods from the highest until lowest was

consecutively S. commune, T. palustris, Polyporus sp.,

P. sanguineus, P. arcularius, P. brevispora, C. globosum
and ultimately L. lepideus. Greatest corrosion of screws,
embedded into woods was caused by P. arcularius
activity. Further, the greatest weight of rust powder
at post-screw holes decayed-woods was caused by S.
commune activity, while the effect of other seven fungi

species was almost similar to each other.
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