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Deterioration is the major setback to the utilisation of bamboo products. To enhance bamboo utilisation,
an understanding of the level of resistance to degradation is important. In this study, natural resistance of
Bambusa vulgaris to attack by termites and powder-post beetle were evaluated. Bamboo aged 2, 3 and 4 years
old were subjected to attack by subterranean termites and powder-post beetles for six month in a short span
field tests. After exposure to attack by selected degrading insects, the weight loss was determined. There
was significant variation in termite resistance among the three age classes, while no variation occurred
along the culm length. In contrast to termite resistivity, resistance to powder-post beetles infestation varied
significantly along the culm length from base to the top, while resistance among the three age classes were
similar. Age 4 exhibited highest resistance to termites and were therefore placed in ‘resistant’ class, while age
3, basal and middle portion were moderately resistant. The resistance of B. vulgaris from all the age classes
and culm portion against powder-post attack was poor. The findings showed that termite resistance depend
on culm age while that of powder-post is indifferent to age or the culm portion.
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INTRODUCTION

Bamboo in general is not durable. There are
many different types of degrading agents which
infest and deteriorate bamboo under different
environment conditions, and produce various
visible changes on bamboo products (Aminudin
et al. 2018). It is believed that durability of
bamboo is a function of its density. However,
bamboo’s natural durability to resist biological
attack does not correspond to its density (Das &
Chakraborty 2006). According to several reports,
durability strongly depend on the species, the
length of the culm, thickness of the wall as well
as the time of harvest (Dhawan and Mishra 2005,
Razak et al. 2010, Suprapti et al. 2010, Schmidt
et al. 2011, Wei et al. 2013). However, Abd.
Latif et al. (1991) and Chavan and Attar (2013)
comfirmed that, the durability of bamboo against
mould, fungal and borers attack is strongly
associated with the chemical composition.
The carbohydrate content of bamboo plays an
important role in its durability and service life.
Bamboo does not possess toxic extractives to
impart natural durability, unlike the heartwood
of many durable timbers, thereby making it
highly prone to attack by biological organisms
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(Huang et al. 2014). Without preservation,
bamboo becomes susceptible to attack by mould
and fungi, especially Aspergillus spp., Penicillium
spp. and Trichoderma spp., resulting in degraded
performances, shortened service life and
reduced value (Pasanen et al. 2000, Nielsen
et al. 2004). The graveyard test conducted by
Kumar etal. (1994) have shown that the average
life of untreated bamboos is less than two years,
precisely between 1-36 months. However, Xu et
al. (2013) showed that untreated bamboo has
a service life of only 2-5 years. Previous study
by Kim et al. (2011) confirms that the natural
durability of bamboo in outdoor utilisation is
low. Approximately 40% of bamboo stack may be
lost within a period of 8-10 months due to borer
attack (Thapa et al. 1992).

Most Asian countries have embarked on
research as well as product development from
bamboo. However, bamboo research is still in
its infancy in Nigeria, although demonstrations
have been made on utilisation of bamboo for
glue laminated products and particle boards
(Ogunsanwo and Terziev 2010, Olajide etal. 2013,
Ogunsanwo et al. 2015). These products were
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made with little documented information on the
natural resistance of bamboo to deterioration.
Like wood, ageing of bamboo culm influences its
properties and consequently its processing and
utilisation (Sadiku and Bada 2017, Chauhan et
al. 2000). Deterioration is the major setback to
the utilisation of bamboo products. In processing
and utilising bamboo, an understanding of the
level of resistance to degradation is important
as it affects its service life. In the present study,
the level at which Bambusa vulgaris, from natural
stands and different ages, will repel attack from
subterranean termites and powder-post bettel
in its natural state was examined. The findings
are important for effective bamboo preservation
against biodegradating agents.

MATERIALS AND METHODS
Selection and preparation of samples

Culms aged 2, 3 and 4 years old were harvested
from bamboo grooves growing naturally on the
campus of Federal University of Technology,
Akure, Nigeria. Three culms from each age class
were harvested. The culms were carefully marked
and labelled according to ages, and from base to
the top portion along the culm length, for easy
identification

Experimental specimens were sampled at
10, 50 and 90% of the merchantable height to
represent the base, middle and top positions of
the bamboo culm. The samples were obtained
from clear and uniform grained culms that
contained no obvious flaws such as splits, checks
and cross grains. The samples for chemical
properties analysis were milled in their fresh
state to pass BS 40-mesh sieve (425 pm), and
retained on BS 60-mesh (250 pm sieve). They
were later shade dried until constant moisture
content was attained. Bamboo density was
determined according to ASTM D 2395-93 (ASTM
1993), alcohol-benzene solubility according
to TAPPI standard T204 cm-97, hot and cold
water solubility according to TAPPI standard
T207 cm-99, N/10-NaOH solubility according
to TAPPI standard T212 c¢cm-02, holocellulose
content according to TAPPI standard T249 cm-85
and the o-cellulose content according to TAPPI
standard T203 ¢cm-99 (TAPPI 1985, 1997, 1999,
2002). Hemicelluloses content was determined
by the difference of Holocellulose and Cellulose
content. Klason lignin content was determined
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according to TAPPI Standard T222 cm-06
method (TAPPI 2006).

Termite and powder-post durability assays

Bamboo samples measuring 20 x 20 x 20 mm
and 20 x 20 x 375 mm were cut from the base,
middle and top portions of 2, 3 and 4 years old
B. vulgaris culms for termite and powder-post
beetle resistivity tests. For each of the resistance
test, the test samples were first dried to constant
weight to obtain the initial weight before
treatment. The bamboo samples were then
exposed to subterranean termites and powder-
post beetle for a duration of 3 and 6 month,
respectively, following AWPA Standard E-21
(2006). Termite bioassay was experimented in a
timber graveyard while powder-post bioassay was
conducted in the laboratory. Visual observations
were made weekly. At the end of the exposure
period, weight loss due to termite and beetle
infestation were determined gravimetrically
following Indonesian National Standard, SNI
01.7207-2006 (SNI 2006). Each specimen was
examined and visually rated as specified in
AWPA (2009) Standard E1-09 (Table 1).

Each of the bamboo specimens were dried to
constant weight before exposure to the biological
agents. After the exposure period, adhering soil
on the termite infested samples and residual
powder on powder-post infested samples were
removed. The specimens were then dried at
60 °C to constant weight. Weight losses were
determined by comparing with pre-exposed
values. The average percentage weight loss is
indicated by resistance classes to specific test
organism which ranged from resistant to slightly
resistant or non-resistant (Table 3 & 4).

Weight loss (%) = Initial weight - final weight/
Initial weight x 100

where initial weight is the weight before exposure
and final weight is the weight after exposure.

Statistical analysis

Analysis of variance was used to evaluate the
effect of age on bamboo properties at p < 0.05.
Mean separation for the different age classes
was carried out using Duncan Multiple Range
Test (DMRT). Correlation analysis was used to
determine the relationship between the culm
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Table 1 Rating system for visual examination of termite and powder-post damage in bamboo
specimens using the scale described in AWPA Standard EI1-09 (2009)
Rating Severity of attack
10 Sound
9.5 Trace, surface nibbles permitted

9 Slight attack up to 3% of cross sectional area affected

8 Moderate attack, 3-10% of cross sectional area affected

7 Moderate/severe attack, penetration, 10-30% of cross sectional area affected

6 Severe attack, 30-50% of cross sectional area affected

4 Very severe attack, 50-70% of cross sectional area affected

0 Failure

Table 2 Classification of resistance to termite attack based on SN101.7202.2006

rating
Natural durability class Weight loss (%) Class of Resistance
I <3.52 Very resistant
I 3.52-7.50 Resistant
111 7.50-10.96 Moderate
v 10.96-18.94 Poor
A% 18.94-31.89 Very poor
Table 3 Classification of resistance to powder-post attack based on SNI

01.7202.2006 rating

Natural durability class

Weight loss (%)

Class of resistance

I <2.0 Very resistant
11 2.0-4.4 Resistant
111 4.4-8.3 Moderate
v 8.3-28.1 Poor
A% >28.1 Very poor

properties and the natural durability of the
bamboo against deterioration.

RESULTS AND DISCUSSION

Density and chemical properties of
Bambusa vulgaris

The culm density and chemical properties of
B. vulgaris aged 2, 3 and 4 years are shown in
Table 3. The highest and lowest culm density
was recorded for top portion of age 3 and basal
portion of age 2 respectively. Cellulose and lignin
content were highest at top portion of age 2 and
lowest at the basal portion of age 3, while alcohol-
benzene solubility was highest at top portion of
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age 4 and lowest at middle portion of 2 year old
bamboo (Table 3).

Resistance to termite and powder-post
Beetles

The findings of this work showed that resistance
of B. vulgaris to termite attack varied significantly
with culm age while no significant variation
existed along the culm length. However, statistical
differences occurred in the resistance to powder-
post beetle along the culm length in contrast to
termite resistivity. The interaction of age and
culm portion on bamboo durability were however
not significant for both wood destroying insects
(Table 5). It was observed that the outer layer
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Table 4  Density and chemical properties of Bambusa vulgaris
) Age (years) Portion

Properties -

2 3 4 Base Middle Top
Density (Kg m?®) 755.22¢ 877.23* 782.21% 772.70° 811.82*  830.11°
a-Cellulose (%) 75.68 67.07° 67.62" 68.38% 70.817 71.18
Klason lignin (%) 45.90* 36.40% 29.24" 33.83% 38.63* 39.07¢
Cold water solubility (%) 5.21* 3.832 4.27* 3.224 4.16* 5.942
Hot water solubility (%) 9.03* 9.28° 7.89* 8.95% 8.94* 8.30?
1% NaOH solubility (%) 41.35% 42.76* 40.97 42.16* 39.272 43.65*
Alcohol-benzene solubility (%) 5.302 5.477 5.902 5172 5.05% 6.45

Means with the same letter along the same row are not significantly different at p > 0.05

of bamboo was highly resistant. Termites and
beetles were able to invade the bamboo from
the cut end portion and through the inner layer,
rather than directly through the exterior surface.
This observation was similar to that of Mishra
and Rana (1992), Mishra and Thakur (1998)
and Nirmala and Kenneth (2011). The reason
for this pattern of attack may be that the outer
layer of bamboo has a considerable amount of
ash and silica, and that these compounds help
in improving natural durability as well as in
imparting strength to bamboos (Nirmala and
Kenneth 2011).

Resistivity of bamboo to powder-post was
similar for all the age classes. As for resistance
against termite, age 2 and 3 had similar resistivity
while age 4 differed significantly (Table 6).
Generally, age 4 had the highest resistance to
termites, while age 3 had the highest resistance
to powder-post beetle infestation. The reason for
age 4 having the highest termite resistivity may
be due to maturity of this age class. This findings
correspond to the conclusion of Mishra and
Thakur (1998) who reported that characteristics
of bamboo such as age, diameter, height, felling

season, seasoning method, etc. may have an effect
on termite attack.

Along the culm length, there were no
significant difference in termite resistivity
(Table 6). The termites consumed the different
portion of the bamboo the same way as powder-
post beetle, which infested heavily on the basal
portion of the culm while middle and top portion
showed similar resistivity (Table 6). The reason
for the significant variation in powder-post beetle
attack along the culm may be due to that fact
that the top portion of the culm is more dense,
and thus, the insect infested the basal portion
which is less dense (Sadiku, 2016). Considering
the culm age, powder-post beetles attack were
indifferent to the ages. Bamboo from all the ages
were consumed the same way (Table 6).

Influence of culm density and chemical
properties on resistance to termite and
powder-post beetles

The relationship of B. vulgaris resistance with
culm density and chemical properties are shown
in Table 7. Age and portion of the culm from

Table 5  F-values and level of significance from analysis of variance
Sourvce of variation df F-value Significance
Age 2 5.428 0.014 **
Termites Portion 2 2.297 0.129 ns
Age*Portion 4 0.523 0.720 ns
Age 2 0.81 0.456 ns
Powder-post beetle Portion 2 5.233 0.016 **
Age*Portion 4 0.489 0.744 ns

** = Highly significant difference, ns = no significant difference
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Table 6  Results of Duncan Multiple Range Test (DMRT)

Source of variation Levels Termites Powder-post beetle

2 48.312 10.25%

Age (years) 3 41.07* 14.54

4 17.81° 13.04%

Base 27.71% 18.93%

Portion Middle 32.03 9.17"

Top 47.44* 9.73>

Each value is the mean of 10 replicates; numbers within a column followed
by the same letter are not significantly different (DMRT test, a = 0.05)

which samples were cut showed significant
negative correlation with termite (-0.529) and
powder-post (-0.479) resistivity (Table 7). This
indicated that as bamboo ages, the weight loss
to termite infestation decreases. Likewise, as
one move from the base to the top, the weight
loss to powder-post beetle attack decreases.
Generally, no significant correlation existed
between Bamboo’s natural resistivity with culm
density and chemical properties, in contrast to
what were reported in literature (Table 7).
The relationship of chemical content with
termite and powder-post beetle infestation
showed that the extractive, cellulose and lignin
content of bamboo showed influence on the
rate of degradation, similar to the findings of
Shanbag and Sundararaj (2013). The higher
the cellulose content of the bamboo, the less
resistance to termite attack (Table 10). The
findings are similar to that of La Fage and
Nutting (1978). However, the findings of this
study showed that the higher the lignin content

of the bamboo, the less resistant to termite
attack, contrary to general opinion that bamboo
is more resistant to termite attack compared
to wood (Syafii et al. 1988). The pattern of
consumption by termites and powder-post
beetles may be due to higher quantity of starch
which makes bamboo more susceptible to insect
attack, as well as the bamboo’s extractive and
lignin components which may not be toxic
enough to prevent the consumption of bamboo
by termites (Grace et al. 1988, Sulthoni 1988,
Grace 1987).

Findings from a previous study showed
that density influences the termite’s ability to
fragment wood mechanically with its mandibles
(Owoyemi et al. 2014). However, in this study,
there were poor or weak correlation (R? =
0.109 and 0.366) between density and wood
consumption by termite and powder-post beetle,
respectively. Thus, increase in culm density
does not ensure that bamboo consumption will
decrease. Roszaini et al. (2017) and Peralta et

Table 7  Correlation of resistance with culm age, portion, density and
chemical properties
Properties Termites Powder-post
beetle

Age -0.529%% 0.145
Culm portion 0.342 -0.479*
Culm density 0.109 0.366
Cellulose 0.222 -0.249
Lignin 0.371 -0.127
Cold water solubility 0.176 -0.174
Hot water solubility 0.148 0.042
NaOH solubility -0.041 0.184
Alcohol-benzene solubility -0.103 -0.259

**Correlation is significant at 0.01, *correlation is significant at 0.05
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al. (2004) worked on wood species, and did
not find a strong correlation between wood
density and termite resistance of different wood
species. Thus, the use of density factor alone
is not sufficient to determine the durability
of either bamboo or timber (Roszaini et al.
2017). Therefore, density alone cannot confer
durability to bamboo, similarly as timber.

Resistance classification of Bambusa vulgaris

Mean visual ratings of termite damage ranged
from 9-4, ‘slight attack’ up to 3% of cross
sectional area affected, to ‘very severe attack’,
50-70% of cross sectional area affected, for
all ages and culm portion. While mean visual
rating for powder-post beetle attack was 4, ‘very
severe attack’, 50-70% of cross sectional area
affected all through. The overall mass losses from
termite infestation ranged from 17.81- 48.31%,
while that of powder-post beetle was between
9.17-18.93%.

Maximum termite damage was observed in
age 2 and the top portion of the culm, while
age 3 and basal portion of the culm were heavily
infested by powder-post beetles (Table 6). The
minimum attack by both termite and powder-post
beetles were observed for the basal portion of
age 4 and middle portion of age 2, respectively.
Weight loss to termite infestation of B. vulgaris
was compared with heartwood of some Nigerian
timber species; B. vulgarisfrom all ages and culm
portion were naturally more durable than Linnea
welwitchii (100%), Irvingia gabonensis (94.59%),
Vernonia colorata (67.05%) and Syzygium guineense
(63.03%).

Figure 1

Bamboo test blocks showing damage
from powder-post beetle attack
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Bamboo test samples showing damage
from Subterranean termite attack

Figure 2

According to the durability classification
developed by SNI 01.7207-2006, based on the
percentage weightloss to termite and powder-post
infestation, B. vulgaris from the three age classes
were grouped into resistance class. Bamboo from
age 2 were grouped as ‘non resistant’, age 3
‘moderately resistant’, and age 4 ‘resistant’. The
basal and middle portion were also classified as
‘moderately resistant’, while the top portion was
perishable (Table 8). The findings of this study
was similar to that of Febrianto et al. (2014),
who grouped resistance of B. vulgaris against
Coptotermes curvignathus (subterranean termites)
as belonging to class IV (poor). It was also
reported that the resistance of B. vulgaris against
Anobium spp. were lower compared to those
of Gigantochloa apus, Gigantochloa atroviolaceae
and Dendrocalum asper. Nirmala and Kenneth
(2011) reported similar findings. The resistant
classification of B. vulgaris in its natural form
is in accordance to the findings of Mishra and
Rana (1992) who concluded that bamboos are
perishable timbers and are generally not resistant
to degradation.

CONCLUSIONS

The findings of this study showed that age had
significant influence on termite resistivity of B.
vulgaris, while resistance to powder-post beetle
infestation depended on the portion of the
culm. The higher the cellulose content, the less
resistance to termite infestation. However, the
higher the lignin content, the less resistance
the bamboo was to termite attack. There were
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Table 8 Weight loss, visual rating and resistance classification according to SNI 01.7207-2006 and AWPA
Standard E1-09 (2009)
Levels Termites Powder-post beetles
Weight loss Visual Class of Weightloss  Visual Class of
(%) rating resistance (%) rating resistance

2 years 48.31 4 Non-resistant 10.25 4 Poor
3 years 41.07 8 Moderately resistant 14.54 4 Poor
4 years 17.81 9 Resistant 13.04 4 Poor
Base 27.71 8 Moderately resistant 18.93 4 Poor
Middle 32.03 8 Moderately resistant 9.17 4 Poor
Top 47.44 4 Non-resistant 9.73 4 Poor

weak correlation between density and chemical
content for wood consumption by termite and
powder-post beetle respectively. Bamboo from
age 4 were resistance to termites, while for age
3, the basal and middle portion were grouped
into ‘moderately resistant’ class. The resistance of
B. vulgaris, from all age classes and culm portions,
against powder-post beetle infestation was poor,
and therefore placed in class IV. Bambusa vulgaris
resistivity to termite and powder-post beetle
attack had a significant negative correlation
with age and culm portion respectively. The
findings of this study showed that B. vulgaris is
not highly resistant to termite attack and powder-
post beetles, and therefore need preservative or
modification treatment to confer a reasonable
level of protection against biological agents of
degradation.
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