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The goal of this project was to develop an integrated pest management strategy

for the control of a powder-post beetle (Dinoderus minutus F.). This species causes
serious damage in Philippine bamboo. Developmental threshold and thermal constants
were examined and natural enemies and ftmgi associated with beetles were investigated.
Finally, the seasonal beetle occurrence and costs and benefits of prophylactic treatments
to control the damage were investigated under Philippine conditions.

Female powder-post beetles deposited eggs mainly in the metaxylem at an
average of 9.1 eggs per day. The average development periods for eggs, larva, pupa and
egg to adult were 5.4, 43.8, 4.6 and 53.6 days, respectively, at 30 °C.

An unknown mite species caused 88% mortality to eggs and could prove to be a

potential biocontrol for the beetle. Spores of Beauvaria bassiana and Metarrhizium
anisopliae topically applied or sprayed at higher spore concentrations (1: 10 and 1:100)
caused significant mortality to D. minutus and could regulate beetle populations.

Imperfect fungi constituted the major fungi isolated from the beetles. Further
studies are suggested to determine the relationship between these fungi and D. minutus.

Beetle populations generally peaked from February to early June and were low to

non-existent in July to October in the period studied (1998 - 2000). Bamboo starch
content and temperature significantly influenced beetle populations. Starch was the major

determinant factor in the regression model [(Y/starch = -106.57 + 27.43(starch)]
developed to predict beetle population. The linear relationship between temperature and

starch production in bamboo culms suggested that monitoring temperature may be a
practical method to predict beetle occurrence.

Application of 0.0001% a.i. deltamethrin in water or kerosene to freshly cut culms

provided complete protection for five weeks against beetle attack. Supplemental
treatment may be applied after that protection period. Kerosene or paraffin alone did not
increase insecticidal efficacy.

The economic benefits of prophylactic treatment were twelve times greater than

the added cost of treatments demonstrating the value of treatment for maintaining
bamboo quality. Losses due to beetle damage will be further reduced once the results of
this study are incorporated in a pest management program.
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MANAGEMENT OF POWDER-POST BEETLES, Dinoderus minutus F.
(Coleoptera: Bostrichidae) IN FRESHLY CUT BAMBOO

INTRODUCTION

The powder-post beetle, Dinoderus minutus F. is a major post-harvest pest of
bamboo in the Philippines. It is locally known as "bukbok" and attacks freshly cut cuims,

those being processed while in storage and even the finished bamboo products. Damage

occurs in round or split form, with the latter being more easily attacked because of the

increased expose surface area. The beetle does not attack standing cuims and is rarely
observed in bamboo stumps.

The major entry points for adults are the cut-end surfaces of the culms, but they
can also gain access through the cut-off nodal side branches and injured rind. The adults
and larvae cause direct damage by boring and continuously feeding inside the culm This

attack may result in severe damage or complete destruction of raw materials or finished

bamboo products. The presence of beetle holes and powdery material coming out from
the entrance and exit holes are manifestations of active D. minutus infestation.

Beetle infestation continues to be a serious post-harvest problem of bamboo.
Although there are available technologies to reduce beetle attack, manufacturers are
apprehensive about bamboo utilization because of its low durability to powder-post
beetle attack.

Prevention and control of D. minutus involves the use of inorganic chemicals that

are applied by brushing, spraying, soaking or dipping of the freshly cut materials. Over
the years, chemical treatment has been the primary technology for controlling D. minutus
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infestation. Extreme reliance on chemicals, particularly the aforementioned compounds

will undoubtedly generate side effects such as development of insect resistance,
destruction of natural enemies as well as other non-target organisms and potential
environmental problems. Furthermore, no single protection measure provides optimum
protection to bamboo.

The continued post-harvest problems posed by D. minutus underscore the need to

develop more effective systems for integrated pest management using combinations of

cultural, biological, chemical and non-chemical methods to alleviate or minimize pest
problems (Croft and Hoyt 1983, Pedigo 1989). The implementation of an ecologicallybased control strategy requires development of a better understanding of the life-cycle,

habits, behavior and dynamics of the natural enemies and the climatic factors that may
influence the occurrence of D. minutus.

REVIEW OF LITERATURE
Distribution and Occurrence of B. minutus
Dinoderus minutus are abundant wherever bamboo grows, from the northern to

southern regions of the Philippines. There are a number of reports on the economic
significance, habits, and control of these beetles (Francia 1956, Francia and Garcia 1958).

Powder-post beetles have been recorded in Sumatra, Indonesia (Miller 1944), Zanzibar in
South Africa (Tooke & Scott 1944) and Cuba (Brunar et al. 1945). Plank (1948) reported

that powder-post beetles are the most serious pests of bamboo in Puerto Rico and also
found evidence of beetle infestation in South America in Ecuador and Brazil. The beetle
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is cosmopolitan in tropical and sub-tropical countries like China, India, southern Japan,
Java (Indonesia) and Malaya (Malaysia). D. minutus is also found in Burma (Myanmar),
Thailand, Taiwan, Hong Kong and Singapore.

Host Range

Dinoderus minutus attacks many different bamboo species (Bambusa spp) to
utilize stored starch (Beeson and Bhatia 1937, Tamolang et al. 1980, Suithoni 1983). The

silica content of the epidermis does not deter D. minutus because the surfaces in the cut
ends and trimmed nodal branches of felled cuim serve as easy entry points. However, D.

minutus are polyphagous and have been observed to attack other hosts. Out of the 16
alternate hosts, three new host records were observed by the author in year 2000, one
belonging to the Palm family (anahau, Livistona rotund?folai var luzonensis) and the

other two to hardwood species (malapapaya, Polyscias nodosa and moluccan sau,
Albizzia falcataria). Dried wheat flour, corn, cassava and rattan are also attacked by D.
minutus (Plank 1948).

Life-cycle of D. minutus

Dinoderus minutus undergo complete metamorphosis with egg, larva, pupa and

adult as distinct life stages. The life cyce of D. minutus was studied in bamboo using
calendar days by Plank (1948) in Puerto Rico under room temperatures at 26 - 26.8 °C.

The average development periods of egg, larva and pupa of D. minutus were 5.3, 41.4
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and 4.1 days The developmental period of egg to adult emergence ranged from 31 to 85
days with an average of 51.1 days illustrating the wide variation in development period.

A more accurate method for estimating the life-cycle development uses
physiological time. Degree-days (°D) provide a measure of physiological time by
combining time and temperature (Coop 1982, Wilson and Barnett 1983). Degree-days are

commonly used in developmental studies because they account for temperature
fluctuations that affect development (Baskerville & Emin 1969, Andrewartha and Birtch
1973, Allen 1976, Zalom et al. 1983, Wilson and Barnett 1983).

Natural Enemies and Fungal Associates

Predators and parasites are potential biocontrol agents that feed on any or all

stages of the insect host to support their own growth and development. There are a
number of potential biological control agents of D. minutus. Teretriosoma nigrescens
(Coleoptera: Histeridae), a known predator of Prostephanus truncatus and D. minutus in
Mexico and Central America, has been reported to reduce populations of stored product

pests of Zea mays L. (Borgemeister et al. 1997). Doryctus jarbus Muesbeck is usually
found in places where infested bamboo is stored (Muesbech 1941) and has been reported

as a braconid parasite of eggs and larvae of D. minutus in Cuba, India, Indonesia,
Australia and Puerto Rico (Plank 1948).

Tillus notatus Klug, T. succinctus Spin

(Coleoptera: Cleridae) and Hectarthrum heros Fab. (Coleoptera: Cucujidae) prey on the
larvae and pupae of D. minutus (Beeson 1941, Chatterjee and Mishra 1974). On the other
hand, Perigrinator biannulipes Mont, a reduviid bug, preys on the adults of D. minutus.
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A summary of various parasites and predators of agricultural pests in the
Philippines was provided by Baltazar (1981). At present, the most established natural
enemies in the field are in the genera Trichogramma, Onus and Daedigma. There are no
reports of significant predatory species that attack powder-post beetles of bamboo in the
Philippines.

Predatory acarines include beneficial mites that feed on phytophagous and
sapropaghous mites and insect eggs (Kranz 1970). Predatory mites belonging to the
Families Rhodacaridae, Eupodidae, Digamasellidae, Cunaxidae, Ascidae, Veigaiidae,

Laelapidae, Phytoseiidae and Macrochelidae have been reported in the Philippines

(Sayaboc et al 1975), but their roles as predators of D. minutus have not been
investigated.

Entomopathogenic fungi are biocontrol agents that cause infection on insect pests.

More than a hundred species of these fungi have been found in the Philippines (Gabriel
1968, 1970, Villacarlos and Gabriel 1974). The most common fungi evaluated for insect

control are Beauveria bassiana and Metarrhizium anisopliae (Ferron 1981, Rombach
1986, Burdeos and Villacarlos 1989, Braza 1990, Burdeos and Gabriel 1995a and b). The

pathogenicity of these species to D. minutus has not been explored, but they are reported
to infect more than 200 species of injurious insects.

Molds and staining fungi also degrade bamboo, causing discoloration and stain

that reduces the quality and market value of both raw materials and finished products
(Guzman 1978, Garcia et al. 1998, Giron et al. 1992, 1998, 2000). There are no published

reports on associations between powder-post beetles and these microorganisms or their

pattern of colonization in bamboo. Although insects have been reported to disseminate
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many fungal species (Baker 1963, Batra 1963, Happ et al. 1971, Norris 1979, Crowson
1984, Wilding et al. 1989, Garcia et al. 1997, Garcia and Morrell 1999), there is also little
information on the microftingi associated with D. minutus.

Information on the natural enemies and other organisms associated with powderpost beetles will be very useful in the development of more bio-rational pest management
approaches for protecting bamboo.

Beetle Occurrence and Abundance
The population dynamics of powder-post beetles and the factors regulating their
seasonal abundance have not been investigated under Philippine conditions. Developing
ecologically-based control strategies requires studies on the relationships between beetle

abundance and starch and moisture content of bamboo and the effect of environmental
regulatory components such as temperature, relative humidity, wind speed and rainfall on

the population changes of D. minutus. The incidence of borer attack is reported to be
dependent on the starch content of the bamboo species (Plank 1950, Francia and Garcia

1958, Garcia 1970, Plank 1950, Sulthoni 1983). Likewise, moisture content of the
bamboo culm, temperature and rainfall are important factors that may affect the intensity
of beetle attack (Tigar et al. 1994, M. Hagstrum 1996, Fields and Korunic 2000, Nansen
et al. 2001, Williams and Libhold 2002).

The most common and simplest methods for sampling insect populations are by

sweeping and trapping (Southwood 1995). The former is one of the most effective
methods for quickly capturing large quantities of insects in vegetation, but it is very nonselective and the species captured may not adequately represent the fauna present. Mixed
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species of insects present in the collection site are collected by sweeping method, while
trapping is more tailored to sampling specific insects. However, the sampling apparatus

design should be based on the life cycle and behavioral responses of the target insects
(Southwood 1995).

Costs and Benefits of Prophylactic Treatment

Prophylactic treatments are considered to be the most effective and practical
methods for preventing powder-post beetle attack. Spraying the freshly cut cuims with
water-based inorganic preservatives provides a barrier against beetle colonization (Kumar

et al. 1994, Giron et al. 1998). The economic viability of such technology has to be
established to ensure adoption by the bamboo industry (PCAFNRRD 1991). Currently,
there are few data on the costs and benefits of prophylactic treatments of bamboo in the
Philippines.

Objectives

The goal of this project was to develop improved practices for the management of

powder-post beetle attack of bamboo in order to reduce the application of insecticides.
This objective requires a better understanding of the life-cycle, habits, natural enemies,
fungal associates, seasonal occurrence, and climatic factors that influenced the

development and abundance of D. minutus. At present, the most dependable method of

beetle control is the application of prophylactic treatments to freshly cut bamboo.

Assessing the costs and benefits of these treatments is also important since the
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information can be used to identify the most appropriate control technology for the local
bamboo industry.

Considering the economic importance of

D.

minutus in bamboo and the

environmental risks and health hazards of insecticide application, the following studies

were conducted to serve as basis for the development of more ecologically-based
management strategies for the podwer-post beetle:

Determine the developmental periods for the life stages of D. minutus at
constant temperatures;

Establish the temperature thresholds and thermal requirements of D. minutus;

Compare the duration of the life-cycle of D. minutus by calendar time and by
physiological time;

Assess the degree of pathogenicity of Beauvaria bassiana and Metarrhizium
anisopliae to D. minutus;
Evaluate the rate of mite predation on D. minutus in the laboratory;
Isolate and identify the microfungi associated with D. minutus;

Determine the seasonal occurrence of D. minutus in two locations with
differing elevations;

Study the influence of bamboo starch, moisture content, and climatic factors
on beetle development under field conditions; and

Evaluate the efficacy and cost effectiveness of prophylactic treatments for
protecting freshly cut bamboo.

The first 3 studies are discussed in Chapter 1; Developmental thresholds and
thermal requirements of the life stages of powder-post beetles. The next three studies are
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discussed in Chapter 2; Natural enemies and fungi associated with powder-post beetles.

Studies 7 to 8 are discussed in Chapter 3; Seasonal abundance of powder-post beetles;
and the last study is discussed in Chapter 4; Costs and benefits of prophylactic treatment
in freshly cut bamboo.
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CHAPTER 1

DEVELOPMENTAL THRESHOLDS AND THERMAL CONSTANTS OF THE
LIFE STAGES OF POWDER-POST BEETLES, Dinoderus minutus F.

ABSTRACT

An investigation on the life history and development stages of D. minutus was
conducted under laboratory conditions at five constant temperatures (15, 18, 25, 28 and

30 °C). The developmental thresholds and thermal requirements of the egg, larva, pupa
and egg-to adult stages were estimated and compared with the duration of development
reported by Plank (1948).

The adults began to burrow along the grain within 24 hours after cutting. Boring

continued across the grain and adults started to oviposit an average of 9.1 eggs in the
ensuing 24 hours. Oviposition chambers were all in the metaxylem.

The period of development of eggs to adults ranged from 53.6 days at 30 °C to
129.2 days at 15 °C. Except for the pupa, the development rates of D. minutus at 30 °C

closely matched results obtained by Plank (1948) at room temperature (26 - 26.8 °C).
The average period of development for eggs, larva and pupa were 5.4, 43.8 and 4.6 days,

respectively, as compared with Plank's 5.3, 41.4 and 4.1 days. Plank also reported a total
development time of 51.1 days as compared to 53.6 days in this study.

The thermal constants of 4.3, 6.8 and 4.5 °C and thermal requirements of 113.6,
909.1 and 96.2 degree-days were derived by the lowest coefficient of variation of the data

to predict D. minutus egg to hatch, pupa to develop from larva and adult emergence from

pupa, respectively. The thermal threshold for egg-to-adult development was 6.4 °C with
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total thermal requirements of 1,111.1 degree-days. Oviposition, emergence and thermal
requirements for development of the various stages of D. minutus are discussed relative
to post-harvest pest management of bamboo.

INTRODUCTION
Powder-post beetles like other insects, survive within environmental limits such
that their feeding, distribution, growth and development are dependent on the prevailing

environmental conditions. Beetles are cold-blooded animals and have an optimum
temperature range at which they grow rapidly such that the amount of heat necessary for

their development can be estimated by the prevailing temperature. Estimating
development time using degree-days (°D) has been used in a variety of applications
(Baskerville and Emin 1969, Andrewartha and Birtch 1973, Allen 1976, Zalom et al.
1983, Wilson and Bamett 1983).

A degree-day is the number of degrees accumulated above a threshold
temperature over a 1-day (24-hr) period. Degree-days are referred to by a number of
other terms such as heat units, thermal units or growing degree-days, but the concept is
the same (Baskerville et 111969, Campbell and Mackauer 1975, Allen 1976, Coop 1982,

Wilson 1983, Zalom et al. 1983). Degree-days represent the number of degrees above
minimum temperature necessary for growth of an organism multiplied by time in days.
Threshold temperature is the temperature below which development ceases (Coop 1982,
Wilson and Barnett 1983) and can be determined through carefully controlled laboratory
experiments.
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The easiest way to calculate degree-days is to subtract the threshold temperature

from the average daily temperature (Coop 1982, Allen 1988). The average daily
temperature can be determined by averaging the minimum and maximum temperature
from weather stations over a 24-hour period.

The life-cycle of the bamboo powder-post beetle was studied by Plank (1948) in

Puerto Rico and the development of D. minutus was determined in terms of calendar
days. The time from egg to adult ranged from 31 to 85 days (SD = 15) with an average of

51.1 days at 26 - 26.8 °C. The wide variation in developmental period may be due to
temperature fluctuations during the observation period. The amount of heat accumulated

daily may not have been constant and this could prolong developmental duration in
calendar days. Since growth and development of insects are temperature dependent and

may vary between regions (UCDavis 1996), the life-cycle of D. minutus attacking
bamboo in the Philippines was studied using the degree day concept to determine how
this development compared with the previous study in Puerto Rico.

This study was conducted to determine the developmental threshold temperatures

and thermal unit requirements of the egg, larva, pupa and egg to adult stages of D.
minutus in degree-days. This information can be used to develop control measures as part
of an integrated management approach for D. minutus.
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MATERIALS AND METHODS

Rearing of D. minutus
Adult beetles were collected from infested bamboo slats previously exposed to a
natural population of D. minutus. Female adults were collected and individually released

onto a 0.75 x 4 x 8 cm freshly cut section of Bambusa vulgaris contained in a petri plate

that served as an oviposition chamber. The oviposition period started when the female

body was almost 100% inside the bamboo. After 24 hours, eggs located in bamboo
samples were detected by gently dissecting the host with a sharp razor blade under the

dissecting microscope. For biological studies, only a single egg, larva or pupa was
contained per bamboo sample. The location of each egg, larva and pupa in each bamboo
host was marked on the surface of the sample to facilitate later monitoring. Descriptions
of each life stage including the feeding and oviposition habits were made.

Mass rearing of D. minutus using buckwheat flour media (Suzuki 1983) and
available local materials like Zea mays and Manihot esculenta as reported by Plank
(1948) was also attempted.

Development of the Life Stages of D. minutus at Constant Temperatures

The development of the various stages of D. minutus was determined in the
laboratory using 20 to 30 eggs, larvae or pupae. Eggs, larvae or pupae deposited in
bamboo samples were placed individually in petri dishes and incubated at 15, 18, 25, 28
or 30 °C. The eggs and pupae were observed daily for egg eclosion and adult emergence.

Newly hatched larvae were observed at weekly intervals, but daily observations were
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conducted to assess the development of fully-grown larva. Dates and approximate times
of 50% hatch as well as the total percent hatch and any mortality were recorded.

Estimation of Developmental Thresholds and Thermal Requirements
The developmental response of D. minutus to temperature was investigated to
provide information for estimating threshold and thermal requirements for this insect
(Arnold 1959, Barksville 1969, Campbell and MacKauer 1975, Chmiel and Wilson 1979,
Van Kirk 1981). Since the life of insects is greatly influenced by temperature, this present
work emphasized life cycles in terms of physiological time or the amount of thermal units
needed by D. minutus to complete its development.

Linear regression was used to estimate the developmental threshold temperatures

and thermal unit requirements for the egg, larval, pupal and total egg-to-adult
development. The time required for egg eclosion, larval or pupal emergence and
development time from egg to adult stage was recorded for beetles at each temperature.
The time for development (y) of each of the life stages at various constant temperatures
(X's) throughout the range of temperatures (15 to 30 °C) was determined. Development

rate was estimated by taking the reciprocal of the number of time units (1/y) that was

required for completion of each development stage. The development threshold was
obtained by regressing the rate of development (l/y) against temperature. The point at
which the rate of development line crossed the horizontal axis was the developmental
threshold. Thermal constants for each life stage in degree-days required for the event to
occur (i.e. hatching, larval, pupation, and adult emergence) were also determined.
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A t-test comparison on the duration of development of each life stage of D.
minutus using the data by Plank (1948) and the recent biological work was conducted.

RESULTS AND DISCUSSION

Rearing of D. minutus
Bambusa vulgaris was the only species of the four hosts tested that was suitable
for rearing D. minutus to attain the objectives of this biological study. Aside from its low

cost and local availability, various life stages of D. minutus were easily monitored and
their development was completed in this species. The vascular bundles, specifically the

metaxylem, were observed to be the main egg oviposition sites. These sites were
surrounded by tender parenchymatous tissue containing the starch necessary for insect
growth and development. However, the difficulty of felling bamboo culms particularly
during the rainy season, and the time consuming preparation of bamboo slats were some
of the constraints in rearing D. minutus in bamboo.

Substrates such as buckwheat flour, corn seeds and cassava flakes have been used

in earlier studies for rearing D. minutus, but were proved to be impractical in this study.
Although buckwheat flour cake developed by Suzuki (1983) produced numerous adults,

it was costly, not available in the local market and its structure made it difficult to
monitor development of egg and larval stages inside the substrate. It was generally
difficult to detect the larvae inside the flour cake and oniy a few eggs and larvae were
extracted without injury. Eggs could be collected from seeds of Zea mays without being

damaged, but the larva required more seeds to complete their development and time
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needed by larvae to find and transfer to new seeds might delay development. Tubers of

Manihot esculenta were also assessed as culture media, but the mold growth was a
problem on this substrate.

The problems experienced with mass rearing of D. minutus using alternative
substrates suggest that further investigation will be needed before any of these other
culture media are used experimentally. Proper culturing of test insects is important for
future research, particularly in the development of control strategies.

Development of the Life Stages of D. minutus at Constant Temperatures
Adult beetles entered through the cut ends of the bamboo and began to burrow

into the freshly cut B. vulgaris at an average rate of 2.6 mm per day. The whole body
length (3.1mm) of D. minutus was almost inside the bamboo within this period. Once
inside, tunnels extended to a length of 4.8 mm across the grain as the adults fed on tender

parenchymatous tissues and cut the vessels. Subsequently, the female deposited eggs
singly into the cut vessels at an average rate of 9.1 eggs/day in the succeeding 24 hours.

The eggs were collected and used in the biological studies of D. minutus at constant
temperature. The angle of boring, with respect to the grain, varied from 30 to 90

0

Eggs extracted from B. vulgaris under the dissecting microscope were elongated

(180 to 220um in diameter X 8lOum long), white and shiny, but later became dull. The
eggs were mainly deposited individually into the metaxylem, the large conducting vessels

(0.15 to 0.197 mm diameter, Abd Latif 1995), which provided sufficient space for the
egg. Oviposition was not encountered in the phloem, fibers or parenchyma tissues as their

diameters were smaller (0.01 to 0.04 mm) than the egg. Aside from starch content,

17

metaxylem dimensions might help explain the differences in the relative resistance of
bamboo species or regions of a given species to beetle attack.
Developmental time from egg to pupa ranged from 53.8 days at 30 °C to 132 days

at 15 °C (Table 1.1). The average percentage of egg hatching exceeded 65.0% at all
temperatures except at 34 °C where no eggs survived. This temperature is estimated to be

higher than the upper developmental threshold of D. minutus. Mortality was mainly
encountered due to injury to the larva during the process of monitoring their location
inside the substrate. Larvae were accidentally lacerated with the sharp razor or pinned
down in the bamboo strip during observation.

The development rate was faster at 28 to 30 °C, with only 5.8 and 5.4 days
required for the eggs to hatch, respectively. The standard errors of the mean associated
with the rate of development within these temperatures were 0.17 to 0.18, less than those

recorded at lower temperatures (0.21 to 0.41) illustrating the more uniform development
at these temperatures.

Table 1.1. Effect of temperature on duration of developmental stages (days) and
percent hatch of D. minutus.

Temp.
(°C)

Egg Development
Larval Development
%
Developmen
Development
%
n Hatched tTime (days) n Survived Time(days)

Pupal Development
n

Development
%
Survived Time(days)

TOTAL

(days)

15

20

100

8.8 (0.4)

30

67

114.9 (1.2)

20

100

8.3 (0.5)

18

20

90

7.8 (0.4)

30

70

91.6 (1.2)

20

100

6.9 (0.3) 106.3(2.0)

25

20

100

6.3 (0.2)

30

80

51.7 (1.2)

20

100

5.7(0.2)

63.7 (1.6)

28

20

100

5.8 (0.2)

30

83

46.3 (0.7)

20

100

4.9 (0.2)

57.0 (1.1)

30

20

100

5.4 (0.2)

30

87

43.8 (0.5)

20

100

4.6 (0.1)

53.8 (0.8)

132 (2.1)
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The newly hatched scarabeiform larvae temporarily mined the cell wall of the
metaxylem, then fed voraciously on the parenchymatous tissues surrounding the vessel.

The duration of larval development ranged from 43.8 to 46.3 days at 30 and 28 °C,
respectively. These times were not variable than the 21 to 76 days reported previously

(Plank 1948). Only 67 to 87 % of the larvae completed development, but these losses
were mainly due to accidental damage during monitoring. However, if mortality due to

physical injury is discounted, virtually all larvae developed to pupa at all temperatures
used in this study.

The last larval instar prepared the pupation chamber inside the host. Newly
emerged pupae were creamy white and gradually became amber yellow. The duration of
pupal development was 8.3 and 4.6 days at 15 and 30°C, respectively. The shortest period

for complete pupal development was 4.6 and 4.9 days at 30 and 28°C, respectively. All
pupae successftilly emerged as adults at all temperatures, suggesting that 15°C was above

the lower developmental threshold and 30°C was lower than the upper threshold for
development at this stage.

Newly emerged adults were cylindrical, creamy white and turned reddish brown

to brownish black to blackish beetle after several days. Adults stayed or left the host
depending on the availability of food. The percent of pupa progress to adult was below
100% because of accidental damage of the larva. Total development time for egg-to-adult
ranged from 53.6 to 129.2 days (Table 1.2). The shortest development time was 53.6 days
at 30°C.
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Table 1.2. Total developmental period of egg to adult emergence of D. minulus at
various temperature levels.

Temperature

Egg to Adult Development

(°C)

n

% Survived

Development Time(days)

15

30

67

129.2 (1.8)

18

30

70

104.7 (1.7)

25

30

80

63.5 (1.6)

28

30

77

57.2 (0.9)

30

30

83

53.6 (0.6)

The developmental periods at various constant temperatures in the present study

were compared with those reported by Plank (Table 1.3). Plank reported an average
development of 5.3, 41.4 and 4.1 days for the egg, larva and pupa, respectively, of D.

minutus exposed at room temperature (26.0 to 26.8 °C). At this temperature, adult
emergence began at an average of 51.1 days after oviposition. There was moderate
evidence that the differences in mean duration of development time of eggs, larva as well

as total time for egg-to-adult development differed significantly between the data by

Plank and the present study (p-value, <0.05, from two sample t-test) at all constant
temperatures.

The mean time required for the egg to hatch was 5.4 days in the present study, a
value that did not differ significantly from the 5.3 days reported by Plank (p-value 0.31,
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Table 1.3. Effect of temperature on the duration of development of D. minutus, in
comparison with the previous study.

Life Stage

Plank (1948)
Development
Time (days)
26.0 to 26.8

Development Time at Constant Temperature (days)
15 °C

18°C

25 °C

28 °C

30 °C

3 to 7

5 to 11

4 to 7

4 to 7

4 to 6

5.3 -i-I- 0.1

8.8 +1- 0.4

5 to 10
7.8 +1- 0.4

6.3 +1- 0.2

0.8

1.8

1.9

0.9

0.8

0.8

21to76

105to124

88to100

40to58

40to54

39to48

OC

Egg
Range (days)
Mean +1- S.c.m.1
SD2

5.8 +1- 0.2 5.4 +1- 0.2

Larva
Range(days)
Mean +1- S.c.m.
SD

41.4

1.5 116.1 +1- 1.6 91.6 +1- 1.2 51.7 +1- 1.2 46.2 +1- 0.7 43.8 +1- 0.5

15.2

7.3

5.5

3 to 5
4.1 +1- 0.1

4 to 11
8.3 +1- 0.5

4 to 9
6.9 +1- 0.3

0.6

2.2

1.4

0.9

0.7

0.6

31to85

114to140

91to115

49to74

51to66

50to59

57.2 +10.9
4.3

53.6 +1- 0.6

5.6

3.6

2.3

Pupa
Range (days)
Mean +1- S.c.m
SD

Egg to Adult
Range(days)
Mean +1- S.c.m.
SD
2

3 to 6
3 to 7
3 to 6
5.7 +1- 0.2 4.9 +1- 0.2 4.6 +1- 0.1

51.1 +1- 1.6 129.2 +1- 1.8 104.7 +1- 1.8 63.5 +1- 1.7

15.1
Standard error of the mean
Standard Deviation

8.2

8.1

8.1

3.2

from a two-sample t-test). Likewise, there was no evidence that the mean duration of
larval development in the present study (43.8 days) at 30 °C was longer than that obtained

by Plank (41.1 days) (p-value = 0.07, from a two-sample t-test). These findings suggest
that egg and larval development at 30°C were not significantly different than those found
at 26 °C.
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The mean development of egg-to-adult at 30 °C was 53.6 days, a value that was
not significantly different from that found by Plank (51.1 days) (p-value = 0.08, from a

two-sample t-test). This indicates that development rates are similar within this
temperature range.

Since growth and development of D. minutus is greatly influenced by
temperature, the present work at 25 °C, should presumably be similar to the data
developed by Plank. Egg, larval, pupal and egg-to-adult development were completed in
6.3, 51.7, 5.7 and 63.5 days at 25 °C, respectively. These development values were longer

than those reported by Plank (egg,

5.3 (p-value = 0.002E-4); larva,

41.4 (p-

value=0.002E-4); pupa, 4.1 (p-value = 0.01 3E-4) and egg-to-adult, 51.1 days (p-value =

0.004E-4). The reasons for these differences are unclear although they may reflect daily
temperature fluctuation in the earlier study.

The development of D. minutus is greatly influenced by temperature. Hence,
when the mean temperature is low, the thermal heat accumulated by the insect body is
also low and the developmental period is prolonged. These differences can be accurately

assessed by comparing the rate of development of D. minutus based on calendar time to
physiological time.

Plank found a wider range of development time for larva (21 to 76 days, SD
15.2) compared to the present study (40 - 58 days, SD = 1.2) at 25 °C. The reasons for
this substantially greater range are unclear, but one possibility is inaccuracy in rating time
with oviposition in the earlier study while another might possibly be temperature control.

The nutritional value of the bamboo substrate may also affect development and
proliferation of D. minutus. Starch content of bamboo varies depending on the season

-
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(Ch. 3). The substrate used in the present study was collected from the middle portion
and harvested in February to May when the starch content was high. Plank conducted his
study in June to October and did not report starch content. Although there is little data on

the effect of the levels of starch content on growth and development of D. minutus, it is
clear that lower starch content would markedly alter development and might account for
the variations noted between the two studies.

Estimation of Developmental Thresholds and Thermal Requirements
The rates of development at different constant temperatures were used to estimate

developmental thresholds and thermal constants for various stages of D. minutus. The

relationship between temperature and the reciprocal of the number of days that were
required to complete a given stage (1/y) was nearly linear for all the life stages and range

of temperatures used in this study. Development rate changed linearly with increasing
temperature (15 to 30 °C), regardless of the life stages of D. minutus (Fig. 1.1).

The developmental threshold and thermal requirements for egg hatch were
estimated to be 4.3 °C and 113.6 degree-days, respectively. This suggests that D. minutus

eggs will not hatch below this threshold temperature or will cease development. The

development of larva to pupa required a higher development threshold (6.8 °C) and
thermal constant (909.1 degree-days) because more thermal units were needed by the

larva to complete development into pupa (43.8 to 114 days). The developmental
threshold of the pupa (4.5 °C) was almost the same as the egg (4.3 °C), but required 96.2
degree-days, 17.4 degree-days lower than the egg to complete its development. The
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Fig. 1.1. Relationship between rate of development (l/y) of D. minutus and
temperature.

estimated developmental threshold of egg-to-adult was 6.4 °C with estimated total
thermal unit requirements of 1,1 11.1 degree-days. It appears that each stage of the life
cycle of D. minutus demands different threshold constants. The egg and pupa have almost

the same threshold constants, but these values were lower than the development
thresholds for the larva (6.8 °C) and egg-to-adult (6.4 °C) development. Egg and pupa are

the resting stages of D. minutus that conserve food to be used until eclosion or molting.

Because of this reserved food, feeding is unnecessary and lower thermal units are
required for eclosion or pupal development. Larva is an active stage with a longer
development period thus, higher temperature constants are presumably a requisite to
metabolize the ingested food necessary for growth and development.
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Egg, larval and pupal development appear to be predicted more accurately using

degree-days, however, thermal constants and thermal requirements need to be further
validated under field conditions. This information can then be applied to estimate beetle

emergence, allowing for proper timing of chemical application to coincide with times

when beetle populations are elevated. It can also serve bamboo users and growers in
understanding the biology of D. minutus.

CONCLUSIONS
Adult powder-post beetles begin to attack bamboo immediately after felling and
oviposition starts within 48 hours. The adults first bore along the grain, then across it to
feed on tender parenchyma and to cut the vessels. Eggs are mainly deposited individually
in the metaxylem and oviposition is directly related to egg size and vessel diameter.

The development period from egg to adult ranged from 53.6 days at 30 °C to
129.2 days at 15 °C. All life stages of D. minutus survived at all temperatures used in this

study except for the larvae that were accidentally injured during handling. No
development occurred at 34 °C.

Development duration of D. minutus at 30 °C was

similar to that found by Plank (1948) except for the pupal stage. The upper threshold of
the pupa is speculated to be higher than this temperature.

Information on the life history, thermal constant and thermal requirements
provide a valuable tools for developing integrated controls that use time of cutting and
chemical applications to optimize D. minutus control. However, this study needs to be
validated under field conditions.
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CHAPTER 2
NATURAL ENEMIES AND FUNGI ASSOCIATED WITH POWDER-POST
BEETLE, Dinoderus minutus F.

ABSTRACT
This study identified the natural enemies of Dinoderus minutus and determined

their effects on beetle development The potential of biocontrol agents, Beauvaria
bassiana and Metarrhizium anisopliae were also evaluated. In addition, frequency and
distribution of fungi associated with D. minutus were determined.

An unknown species of mite preyed 88.3% of the eggs, while no predation was
noted on the other life stages of D. minutus. The susceptibility of the eggs to mites could
prove useful for control strategies under natural conditions.

Spore suspensions at 1:10 and 1:100 dilutions of B. bassiana and M anisopliae
topically applied to the thoracic region of D. minutus caused high mortality (30 to 40%),

suggesting that the two entomopathogenic fungi can affect beetle populations. When
applied by spraying on bamboo substrates, 33.3 - 35.0% beetle mortality was observed at

a 1:10 fungal suspension. Further studies will be necessary to improve the capability of
the fungi to colonize and kill the beetles.

Isolations of probable fungal associates from the body parts of the insect revealed

that the imperfect fungi were the predominant species suggesting that the insect carries
spores of fungi that could cause discoloration in bamboo.
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INTRODUCTION
There are wide array of entomophagous insects and entomopathogenic fungi that

have the potential to control economically important insect pests. These organisms are
collectively called bio-control agents (BCA's) and are capable of killing or weakening

target pests. BCA's are often highly selective and can regulate pest populations and
reduce management costs (Cendafia 1937, Gabriel 1968, Rombach 1986, Braza 1990,

Giron et al. 1998, 2000). The mechanism of action on the target pests is either by
predation or parasitism. Predators are generally larger than their prey, while parasites are
smaller than their host.

Entomopathogenic fungi and bacteria can colonize and reduce insect pest
populations (Gabriel and Padua 1981). The most commonly used fungi are Metarrhizium

anisopliae (Rombach 1986, Rana and Villacarlos 1991) and Beauvaria bassiana
(Burdeos and Gabriel 1995b). Bacillus thuringiensis is a bacterial BCA that has been
used to control a variety of pests (Padua et al. 1980, Padua 1985, Solsoloy and Solsoloy
1986). These species have played integral roles in agricultural pest management of many
species, but their potential against D. minutus on bamboo is unknown.

Insect pests may also play a role in fungal spore dissemination, acting as vectors

that may possibly result in pathogen spread (Baker 1963, Norris 1979, Garcia et al.
1997). Association may also be mutual, where each of the partners benefits from the

association as exemplified by fungal dispersion by ambrosia beetles (Wilding et al 1989)

The use of BCA's to limit or prevent D. minutus attack on freshly harvested
bamboo would regulate populations in natural conditions and limit the application of
pesticides. In this study, the potential of an unidentified acarine species and the most
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commonly used entomopathogenic fungi, B. bassiana and M anisopliae to limit attack
by D. minutus was assessed under laboratory conditions.

MATERIALS AND METHODS

Predation of Mites Against D. minutus

A population of an unknown mite species was observed on 2-month old split
bamboo used for mass rearing of D. minutus. Mites were noted finding their prey in

bamboo powdery materials or along the larval and adult beetle tunnels. Enormous

numbers of mites were detected in bamboo with 80 to 100% damage. Mites were
carefully collected using a smooth brush and placed in a rearing jar prior to screening.

Mite activity against powder-post beetles was assessed by placing 20 freshly laid

eggs, 5-day-old larvae, newly molted pupae or 3-day-old adults of powder-post beetles
into a petri dish lined with moistened filter paper. Twenty mites were introduced to each
plate and the test was replicated three times per life stage. The assemblies were incubated

at room temperature (28 to 30 °C) for 4 days. The percent mortality of various beetle
stages was assessed in the presence or absence of the mite and these values were used as
the measure of biocontrol potential.

Screening of Entomopathogenic Fungi B. bassiana and M. anisopllae against D.
minutus
The simplest method for assessing fungal effects on insects is direct application to

the target organism with a known amount of inoculum. Starter cultures of the two fungi

B. bassiana and M anisopliae were obtained from the collection of entomopathogenic
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fungi at the Entomology-Pathology Division, International Rice Research Institute
(IRRI), Los Bafios, Laguna, Philippines. Beauvaria bassiana was grown on Sabouraud
Dextrose Agar + Yeast while M anisopliae was grown on Emerson's YpSs culture media
for 7 days at room temperature prior to use.

Cultures of the test fungi were flooded with sterile distilled water and agitated to
dislodge spores and hyphal fragments. The resulting suspension was diluted 1:10, 1:100,

1:1,000, and 1:10,000 with sterile distilled water. The fungal suspension (0.2 tl) was

topically applied on the thoracic tergites of each test insect with a calibrated
microapplicator and microsyringe. Twenty adults were used in each treatment and an
additional 20 insects received sterile distilled water as a control. The experimental set-up
was incubated at room temperature and insect mortality was recorded at 24 and 48 hours.
Percent mortality was compared to that of the non-fungal exposed control.

The potential of the test fungi to infect and kill adults in situ was assessed using

freshly cut bamboo. Seven-day-old cultures of test fungi were used to prepare spore
suspensions diluted to 1:10, 1:100, 1:1,000, and 1:10,000 in sterile distilled water as
described above. Each dilution was poured into a sterile hand sprayer and applied on
freshly cut 2.0 x 0.5 x 5.0 cm bamboo samples. Excess water was allowed to drain and
one bamboo sample was placed on top of glass rods per sterile petri plate. A total of 18

petri dishes with 20 adult D. minutus per petri dish were used. The effectiveness of the

biocontrol fungus was compared with 0.0001% a.i deltamethrin applied to bamboo
samples in the same maimer. Untreated bamboo was also included as a control. All plates

were incubated at room temperature and daily mortality of powder-post beetles was
recorded over a 5-day period.
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Beetle damage on bamboo was assessed visually using a scale from 0 to 4:

0 = no beetle attack
1 = with slight beetle attack (1 to 25%)
2 = with moderate beetle attack (26 to 50%)
3 = with heavy beetle attack (51 to 75%)

4 = with severe beetle attack (> 75%)

The experiment was laid out using a Completely Randomized Design with 20
insects per treatment and replicated three times. BCA effectiveness was assessed using

the daily mortality of D. minutus and the differences in percent mortality among
treatments were compared using Duncan's Multiple Range Test at a 0.05.

Isolation of Fungal Associates of D. minutus.
A total of 120 adult powder-post beetles, 60 males and 60 females, were collected

from infested bamboo materials. Beetles were placed in individual sterilized screw cap

vials (35 mm x 10 mm in diameter) before isolations were made. The microorganisms
associated with D. minutus were isolated using 20 insects (10 males and 10 females) for
each of the following procedures:

Crawling - Powder-post beetles were allowed to crawl individually on 1.0% malt

extract agar (MEA) in a petri dish for 30 minutes. Another set of beetles was allowed to

crawl on benomyl amended MEA agar media. Benomyl retards the growth of many
Ascomycetes and Fungi Imperfecti.
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Implantation of the external parts - The head, thorax/legs and elytra were
dissected from individual insects using a sterile scalpel, dissecting scissors, or razor blade

and dissecting pan. Each insect part was lightly flamed to remove surface contaminants
and planted on MEA and MEA plus benomyl.

Isolation from the internal portion of the beetle - Test insects were individually
mounted on a dissecting pan using a #1 insect needle and dissected with a sterile razor
blade, scalpel, and scissors. The gut was cut from the anterior to the posterior portion of

the body including the aedegus for the male and ovipositor for the female. The gut was

briefly flamed to remove surface contaminants and then plated in MEA or MEA plus
benomyl.

All inoculated plates were incubated at 28 °C and observed daily for evidence of
microbial growth. Any mycelium growing from the plated tissue were transferred to fresh
agar for subsequent characterization and identification.

The frequency of occurrence was computed as follows
% Frequency of isolates

No. of Isolates per Genus x 100
Total No. of Isolates

Characterization and Identification of Fungi Associated with D. minutus.
The fungal isolates were identified based on their growth, color, texture and size

of colony on culture media (Ainsworth 1966, Alexopoulos and Mims 1979, Ellis 1976,

Eusebio 1998, Nobles 1948, Wang and Zabel 1990). Isolates were examined under the

microscope to determine morphological features, i.e., shape and size of spores,
conidiophore type and hyphal features. Fungal tissues were stained with lactophenol in
cotton blue and were compared with previously identified fungal cultures.
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Cultures that were suspected to be wood decayers were grown on tannic and
gallic acid. These isolates were also grown in malt agar and fungal hyphae from these
cultures were stained with phloxine to differentiate mycelial features and the presence or
absence of clamp connections was noted (Nobles 1948).

Distribution of Basidiomycetes, Fungi Imperfecti, Zygomycetes and Ascomycetes on
Male and Female D. minutus

The distribution of the different classes of fungi isolated from the male and
female D. minutus for each isolation procedure were determined using the Wilcoxon

Rank Sum Test (Ramsey and Schafer 1994) in SAS software (SAS 2001).

RESULTS AND DISCUSSION

Predation of Mites Against D. minutus
Of the four stages tested, 38 to 88% of the eggs were successfully preyed on by
mites during the 4 day exposure while larvae, pupae and adult stages appeared to escape
predation (Table 2.1). The quiescent status and thin-shelled membrane on newly laid eggs

of D. minutus was easily penetrated by mites. In contrast, the active larvae and adults
continuously bored and fed inside the bamboo, thus escaping predation by mites. The
habit of covering the entrance holes during feeding or the habit of the last larval instar of
D. minutus sealing the final bored hole using excreted powdery masses leaving the other

end closed prior to pupal formation may have also limited mite invasion.
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Table 2.1. Average percent mortality of different life stages of D. minutus following
exposure to predatory mites.

Stage

24 hrs
Egg

Mortality (%)
48 hrs
72 hrs

96 hrs

38.3

60.0

73.3

88.3

Larva

0

0

0

0

Pupa

0

0

0

0

Adult

0

0

0

0

Values based on 20 individuals of each respective stage of D. minutus.

Further, the scierotized integument of the pupae and adults could have also helped in

their defense against the mites. The susceptibility of the eggs could prove useful for
control strategies against D. minutus under natural conditions.

Screening of Entomopathogenic Fungi Against D. minutus

Preliminary screening of both entomopathogenic test fungi showed similar
mortality rates after 48 hours of observation. Topically applying the fungal suspension of

B. bassiana on the tergites of D. minutus produced the highest mortality (35 to 40%) at

the lowest dilutions (1:10 and 1:100). More dilute fungal suspensions (1:1,000 and
1:10,000) produced lower mortalities that ranged from 5 to 20% (Table 2.2).

Similar results were noted with M anisopliae. Percent mortality ranged from 30
to 35% using fungal dilutions of 1:100 and 1:10, respectively.
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Table 2.2. Effect of selected dilutions of B. bassiana and M. anisopliae topically
applied to D. minutus on beetle survival.

B. bassiana
Dilution

Mortality (%) ?'
24 hrs

M. anisopliae
Dilution

48 hrs

Mortality (%)

24 hrs

48 hrs

1:10

35a

40a

1:10

25a

35a

1:100

25ab

35a

1:100

20a

30a

1:1,000

l5bc

20b

1:1,000

lOb

20b

1:10,000

5 cd

5c

1:10,000

lOb

lOc

Oc

0d

Control
0c
0d
Control
Based upon treatment of beetles per fungus per dilution.

LD50 was not calculated for either fungus since the preliminary test did not show

mortality points ranging from 5 to 95% (Finney 1971, Heinrichs et al. 1981), nor were

50% of the beetles killed. These results, however, suggested that either fungus could
affect D. minutus under the proper conditions.

Effect of Fungal Suspensions of B. bassiana Applied to Bamboo Against D. minutus

All test insects from the control group were alive and bamboo samples were
heavily damaged with 100% beetle attack at the end of the test. This indicated that the
test insects used were healthy and capable of bamboo attack.

Beauvaria bassiana sprayed at a 1:10 dilution was associated with 3.3% mortality

of D. minutus 24 hours after application (Table 2.3). No mortality was noted at the
1:1,000 or 1:10,000 dilutions. Mortality rates between 1.7 and 6.7% were noted 2 days
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Table 2.3. Average percent mortality of D. minutus on bamboo sprayed with fungal
suspensions of B. bassiana in comparison to a chemical control.

Mortality (%)
Days of Observation

TREATMENT Dilution
1

2

3

4

5

100 a

100 a

100 a

100 a

Damage after
5 days
Percent Rating1

0.0001%

Deltamethrin

B. bassiana

a.i.

100 a

1:10

3.3b

6.7b 15.Ob 20.Ob 33.3b

1:100

1.7 bc

3.3 b

8.3 c

1:1,000

Oc

1.7b

6.7cd

1:10,000

Oc

3.3b

5.Od

0e

0

15.Od

1

20.0 d

1

8.3c 10.Od 30.Oc

2

10.0 c

10.Oc

18.3 c

10.Od

40.Ob

Control
0c
0b
0d
0d
0d
100 a
Values represent means of 3 replicates. Means having the same letter in each
column are not significantly different at a = 0.05.
Rating range from 0 (no damage) to 4 (76-100% damage).

2
4

after application, but no significant differences were noted among treatments except for

bamboo treated with deltamethrin. Mortality was 100% on the chemically treated
samples, proving the efficacy of deltamethrin.

At the end of the test, however, one third of the beetles had succumbed when
treated with a 1:10 flingal suspension, although this mortality level was still significantly
lower than the chemical treatment with 100% mortality. Bamboo samples treated with B.

bassiana exhibited slight (15 to 20%) to moderate (30 to 40%) beetle attack, while no
damage was noted on samples treated with deltamethrin (Table 2.3).

Mortality at 1:1,000 or 1:10,000 dilutions was significantly lower than at 1:10 and

1:100, but significantly higher than the control. The fungus was active against D.
minutus, but insect mortality occurred slowly. Tests conducted on the same fungus under
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field conditions also showed that it took 3 weeks before the fungus could cause high
mortality levels to brown plant hoppers on rice (Rombach 1986). This delayed control is
a major drawback since insects can continue to cause damage before they die.
The bodies of the dead insects were covered with white fungal mycelia suggesting

that mycosis was the cause of death. Microscopic examination and re-isolations revealed

that the spores were those of B. bassiana. This entomopathogenic fungus produces a
toxin called beauverecin (Wagenaar et al 2001). Mycelial growth was similar to that
described by Tanada and Kaya (1993), which resembles comfits and bonbons. Dense
conidia were also produced.

Effect of Fungal Suspensions of M. anisopliae Applied to Bamboo Against D.
minutus

Mortality of D. minutus was 100% on chemically treated bamboo, while no
mortality was noted on untreated samples over the test period. Generally, mortality for

beetles treated with M anisopliae was similar to that found with B. bassiana after 24
hours. Mortality rates increased with increasing flingal concentration. The fungal dilution

of 1:10 provided the highest mortality, ranging from 3.3 to 35%, which differed
significantly from the 1:100 dilution 5 days after treatment (Table 2.4).

The efficacy of a 1:1,000 dilution did not differ significantly from the 1:10,000
dilution over the test period, however, all of the fungal treatments differed significantly
from the untreated group from the third to the fifth day of the test.

Dinoderus minutus mortality rates of 35 and 22% occurred at the end of the 5-day
exposure period with the 1:10 and 1:100 dilutions, respectively. Bamboo samples treated
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Table 2.4. Average percent mortality of D. minutus and degree of beetle damage on
bamboo sprayed with fungal suspensions of M. anisopliae in comparison
to a chemical control.

Mortality (%)
Days of Observation

TREATMENT Dilution
1

2

3

4

5

lOOa

lOOa

lOOa

Damage after
5 days
Percent Rating-

0.0001%

Deltamethrin

B. bassjana

a.i.

lOOa

lOOa

1:10

3.3b

11.7b 25.Ob 28.3b 35.Ob 13.3d

1

1:100

1.7 bc

5.0 c 18.3 bc 20.0 bc 21.7 c

1

Oe

18.3 cd

0

1:1,000

Oc

3.3c 11.7cd 15.Oc 15.Oc 26.7c

2

1:10,000

Oc

3.3c

2

8.3d

11.7c

13.3c

46.7b

Control
0c
0c
0e
0d
4
0d
100 a
Values represent means of 3 replicates. Means having the same letter in each
column are not significantly different at a = 0.05.
Rating range from 0 (no damage) to 4 (76-100% damage).

with M anisopliae exhibited slight (13 to 18%) to moderate (27 to 47%) beetle damage,

while no damage was noted on samples treated with 0.0001% a.i. deltamethrin (Table
2.4). M anisopliae also appeared to require a longer period of time than deltamethrin to
affect the beetles. Similar results were observed in a field experiment using conidial dust
of M anisopliae against a rice pest (Rombach 1986).

Although mortality was incomplete, fungal suspensions still provided significant

protection against beetle damage in the succeeding days of exposure. This indicates that
the fungus was capable of infecting D. minutus. The lethal effect is believed to be due to
production of dextruxin, an insecticidal compound (Villacarlos 2002, Roberts 1981). No
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mycelial mat was observed on the moribund insects, but re-isolations indicated the
presence for M anisopliae.

Decreasing fungal spore concentrations resulted in decreased mortality of D.

minutus. Although the results indicated very low efficacy against D. minutus, this
preliminary investigation showed that this fungus could regulate populations of powder-

post beetles of bamboo under natural conditions.

However, further studies will be

necessary to improve the ability of the fungus to colonize and kill D. minutus.

Frequency of Fungal Isolates on the Body Parts of D. minutus
Imperfect fungi dominated the fungal population isolated from body parts of 120

adult D. minutus (Table 2.5). A total of 522 microorganisms were isolated from beetles

by crawling and by implantation of the gut or the external parts, i.e., head, thorax/legs
and elytra.

About 50% of the isolates were obtained by implantation of external parts while

39% and 11% were isolated from crawling insects and implantation of the gut,
respectively. Most microorganisms appear to be carried by D. minutus on body parts and

are probably acquired while searching or feeding. These organisms might then be
inoculated on newly exposed bamboo as beetles feed. The fungal species isolated from
external parts varied from those obtained by crawling and implantation of the gut.
Imperfect fungi

represented 95.4% of the isolations, followed by the

Basidiomycetes (1.8%), Zygomycetes (1.7%) and Ascomycetes (0.8%) (Table 2.6).
Bacteria comprised only 0.4% of isolates, but the media employed were less suited for
bacterial isolations than for fungi.
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Table 2.5. Microorganisms associated from various body parts of B. minutus.

Species/Taxa
Basidiomycetes
Hymenochaete spp.
Fomessp.
Fungi Imperfecti
Penicillium spi
Penicillium sp2
Chaetomium spp.
Sporothrixspp.
Aspergillus spi
Aspergillus sp2
Aspergillus sp3
Aureobasidium spp.
Trichoderma spp.
Curvularia spp.
Mucorspp.
Rhinocladiella spp.
Neurospora spp.
Zygyomycetes
Rhizopus spp.

Number of Isolates of a Taxa by Each Method
External Body Parts
Crawling Gut Head Thorax)] Elytra Total Grand
External Total
Legs
0
4

0
0

0
0

0
0

0
0

22
2
2

48

46
17

1

1

0

134
58
2

217

21

40
20

58
6

15

24

20

16

60

133

0

1

4

0
2

1

0
2
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

2
0
0
0
0
0
0
0
0

8

1

0
0
0
0
0
0
0
0
0

1

15

2

2

1

2

2

5

9

2

2

0

0

0

0

4

1

1

58
11.1

0
83

0
82
15.7

0
261
50.0

2

203
38.9

0
96
18.4

5

0

61
12

2

17
14
1
1
1

3

5

4

72
6

16

4
19
17
1

3
1
1

Ascomycetes
Yeasts

Bacteria
Sub-total

%Frequency

15.9

522
100%

Penicillium sp. 1 was the most frequently isolated imperfect, comprising 41.6% of

the total isolates, followed by Sporothrix sp. and Penicillium sp. 2, which were isolated

from 25.5 and 13.8% of the attempts, respectively. These fungi were commonly

isolated from the external body parts such as the head, thorax, legs and elytra.
Aspergillus, Aureobasidium, Trichoderma, Curvularia, Mucor, Rhinocladiella and
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Table 2.6. Frequency of fungal taxa isolated from various body parts of D. minutus.

Specics/Taxa
Basidiomycetes
Hymenochaete spp.
Fomessp.

Crawling

Gut

100
0

0
100

Frequency of Isolation (%)
Total
External Body Parts
(All
Head Thorax! Elytra Total
External Methods)
Legs
0
0

0
0

0
0

0
0

Sub-total

1.0
0.8
1.8

Fungi Imperpecti
Penicilijum spi
Penicillium sp2
Chaetomiumspp.
Sporothrixspp.
Aspergillusspl
Aspergillus sp2
Aspergillus sp3
Aureobasidium spp.
Trichodermaspp.
Curvularia spp.
Mucorspp.
Rhinocladiella spp.
Neurosporaspp.
Zygyomycetes
Rhizopus

28.1
16.7
33.3

43.6
75.0
93.8
100
89.5

82.4
100
33.3
100
100

10.1

2.8
33.3
11.3
0
6.3
0
10.5
17.6
0

66.7
0
0

22.1
29.2
16.7
18.0
12.5
0
0
0
0

18.4
27.8
16.7
15.0

0
0
0
0

0
0
0
0

0
0
0
0
0

21.2
23.6
0

12.0
12.5
0

0
0
0
0
0
0
0

61.8
80.6
33.3
45.1
25.0

41.6
13.8
1.1

25.5
1.5
3.1

0
0
0
0
0
0
0
0

0.8
3.6
3.3
0.2
0.6
0.2
0.2

Sub-total

95.4

22.2

22.2

11.1

22.2

22.2

55.6

1.7

Yeast

50

50

0

0

0

0

0.8

Bacteria
Total

50

50

0

0

0

0

0.4

Ascomycetes

100%

Neurospora species were isolated at lower frequencies, ranging from 0.2 to 3.6%.
Likewise, Hymenochaete sp., Fomes sp., Rhizopus, yeasts and a bacterial isolate were
isolated at a very low frequencies, ranging from 0.4 to 1.7%.
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Of the isolated imperfect fungi, species of Penicillium, Aspergillus and
Trichoderma (Giron and San Pablo 1992, Garcia et al. 1997) and Mucor (de Guzman
1978) can all cause surface molds, while Aureobasidium pullulans and Curvularia sp. are

known to cause staining in bamboo (Giron et al 1992). The Sporothrix in this study were
not identified to species, however, members of this genus are known to be anamorphs of

Ophiostoma (Ceratocystis), an important group of stain fungi (Domsch et al. 1980,
Wang and Zabel 1990). Chaetomium spp. had been reported to cause soft rot in wood and

may have similar effects on bamboo. Likewise, the basidiomycetous fungi that were

isolated might also cause decay on bamboo, although these fungi were relatively
infrequent and probably not a major factor in biodeterioration. Further studies on the
ability of the fungi isolated in this study to cause stain, decay or soft rot on bamboo are
recommended.

Distribution of Basidiomycetes, Fungi Imperfecti, Zygomycetes and Asocomycetes
in Male and Female D. minutus
The isolation trials also revealed that slightly more isolates were obtained from female D.

minutus (274) than from the male (248) (Table 2.7) (Wilcoxon Rank Sum Test, SAS

2001). A similar trend was observed on isolations obtained from the golden metallic
beetles (Buprestis aurulenta and B. langi) (Garcia et al. 1997, Garcia and Morrell 1999).

Females are more likely to explore habitat for oviposition and may therefore be more

likely to come in contact with colony forming units of fungi on previously infested
bamboo.
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Table 2.7. Number of microorganisms isolated from female and male D. minutus
adults.

Fungal Group

Number of Isolates
Males
Females

Basidiomycetes

3

6

261

237

Zygomycetes

6

3

Ascomycetes

3

1

Bacteria

1

1

274

248

Fungi Imperfecti

Total Number of Isolates

Penicillium,

Aspergillus,

Chaetomium,

Aureobasidium,

Trichoderma

or

Curvularia that were associated with D. minutus were also among those species that
cause bamboo discoloration (Giron and San Pablo

1992,

Giron et al.

1998, 2000).

D.

minutus adults appear to be capable of disseminating spores of the above fungi as a result

of direct feeding on bamboo, although the contribution of insect dissemination of fungal

propagules to the total fungal load is unknown. Further tests to assess the role of D.
minutus as a vector of fungal spores are also recommended.
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CONCLUSIONS

An unknown mite species attacked over 80% of the eggs of D. minutus. The
susceptibility of the eggs to mites could prove useful for control. High concentrations
spore suspensions of B. bassiana or M anisopliae (1:10 and 1:100) produced mortality

rates of 30 to 40% on adults introduced to the sprayed bamboo, suggesting that either
fungus can limit D. minutus populations under the proper conditions. When applied by

spraying on bamboo samples, 33.3 - 35.0% beetle mortality was observed at a 1:10
fungal suspension. Although results indicated lower efficacy than chemical treatment,

this preliminary investigation showed that the fungus could regulate populations of
powder-post beetles under natural conditions.

Further studies will be necessary to

improve the capability of these fungi to colonize and kill D. minuteis.

Imperfect fungi were the predominant fungi isolated from the different body parts

of D. minutus, suggesting that the insect may carry fungi known to cause bamboo
discoloration.

45

LITERATURE CITED
Ainsworth, G.C. 1966. A general purpose classification for fungi. Bibl. Syst. Mycol. 1:14.

Alexopoulos, C.J., and C.W. Mims. 1979. Introductory Mycology. 3' ed. Wiley, NY.

Baker, J.M. 1963. Ambrosia beetles and their fungi, with particular reference to Platypus
cylindrus Fab. Symp. Soc. Gen. Microbiol. 13:232-265.

Braza, R.D. 1990. Laboratory evaluation of Metarrhizium anisopliae (Metch.) Sorokin
against Leucop ho/is irrorata Chevrolat)(Coleoptera: Scarabaeidae). Phil.
Entomol. 8(1):671-675.

Burdeos, A.T. and B.P. Gabrie. 1995b. Utilization of green muscardine fungus
Metarrhizium anisopliae (Metsch.) Sorokin in the control of the rice bug
(Leptocorisa oratosrius Fabr. ftlemiptera: Alydidae). Phil. J. Crop Sci. 20(1):5764.

Cendaña, S.M. 1937 Inhibited hatching, developmental abenation in the genus
Coccophagus (Aphelinidae, Hymenoptera) and its cause. Nat'l. Res. Council Phil.
Bull. 12:154-155.
Domsch, K.H., W. Gams and T.H. Anderson. 1980. Compendium of soil fungi. Vols I &
II. Academic Press, N.Y. 859 & 405 p, respectively.

Ellis, M.B. 1976. More dematiaceous hyphomycetes. Commonwealth Mycological
Institute. Kew, England. 6O8pp.

Eusebio, M.A. 1998. Pathology in Forestry. Ecosystems Research and Development
Bureau. Kayumanggi Press Inc. Quezon City, Philippines. S42pp.
Finney, D.J. 1971. Probit analysis. 3' Ed. Cambridge University Press, London. 333 pp.

Gabriel, B.P. 1968. Entomogenous microorganisms in the Philippines. New and past
records. Phil. Ent 1(2):97:130.

Gabriel, B.P. and L.E. Padua. 1981. Microbial pathogens affecting insects of economic
importance in the Philippines. Research Bull. Nat'l. Res. Council of the Phil.
36:8-28.

Garcia, C.M. and J.J. Morrell. 1999. Fungal associates of Buprestis aurulenta L.
Canadian J. For. Res. 29:517-520.

46

Garcia, C.M., J.J. Morrell and M.Y. Giron. 1997. Fungal associates of B. langi
Mannerheim colonizing stored Douglas-fir logs. Internation Research Group Doc.
No. IRGIWP/97- 10241. Stockholm, Sweden. 7 pp.
Giron, M.Y. and M.R. San Pablo. 1992. Efficacy of 2-thiocyanomethylthio-benzothiozole

against molds and staining fungi on three species of bamboo. FPRDI J. 20
(3&4):1 1-16.

Giron, M.Y., J.J. Morrell and C.M. Garcia. 1998

Influence of nutrients and
chemosterilants on the ability of Pseudomonas fluorescens to protect against stain
fungi on bamboo. J. of Tropical Forest Prod. 4(2)207-211. 7 pp.

Giron, M.Y., C.M. Garcia and J.J. Morrell. 2000. Bioprotection of bamboo culms against
stain fungi in bamboo using Pseudomonasfluorescens. Proc. of the Bamboo 2000
Int'l. Symp. Chiangrnai, Thailand. Aug. 2-4, 2000. pp 145-153.

Guzman de, E.D. 1978. Resistance of bamboos to decay fungi. Terminal Report. Study
7, PCARR Project 283. College, Laguna. 8 pp.
Heinrichs, E.A., S. Chelliah, S.L. Valencia, M.B. Arceo, L.T. Fabellar, G.B. Aquino and

S. Pickin. 1981. Manual for testing insecticides on rice. International Rice
Research Institute, Los Baflos, Laguna. l34.pp.

Nobles, M.K. 1948. Studies in Forest Pathology VI. Identification of cultures of woodrotting fungi. Division of Botany and Plant Pathology Science Service. Canadian
Journal of Research C. 26:281-43 1.

Norris, D.M. 1979. The mutualistic fungi of xyleborine beetles. In "Insect-fungus
Symbiosis": (L.R. Batra, ed.). Halsted Press, Chichester, Sussex, UK. pp. 53-63.
Padua, L.E. 1985. Bacterial Insecticides, its composition and use. NSTA Tech. J. 10:7072.

Padua, L.E., M. Ohba and K. Aizawa. 1980. The isolates of Bacillus thuringiensis
Serotype 10 with a highly preferential toxicity to mosquito larvae. J. Jnvertebr.
Pathol. 36:180-186.
Ramsey, F. and D. Schafer. 1994. The Statistical Sleuth: A second course in statistical
data analysis. OSU Book Store, Inc. Corvallis, OR. pp 102-110.

Rana, R.L. and L.T. Villacarlos. 1991. Effect of Metarrhizium anisopliae (Metch.)
Sorokin infection on the fecundity and survival of sweet potato weevil, Cylas
formicarius (F.) (Coleoptera: Curculionidae). Phil. Entomol 8(3):963-972.

Roberts, D.W. 1981. Toxins of entomopathogenic fungi. In: Microbial control of pests
and plant diseases 1970-1980. Academic Press Inc. N.Y. pp 44 1-464.

47

Rombach, M.C. 1986. Insect Fungi: Diversity and practical application against rice pests.
In: Proceedings of Southeast Asian regional training course on microbial control
of insect pests and plant diseases in the tropics. UNESCO's 40th Anniversary. Oct.
19-26, 1986. BIOTECH. UP at Los Baflos, Laguna, Phil. Pp 26-39.
SAS Institute. 2001. The SAS System. SAS Institute, Cary, North California, USA.

Solsoloy, A.D. and T.S. Solsoloy. 1986. Accomplishments and problems in pest
management at the Cotton Research and Development Institute. Proc. Southeast

Asian regional training course on microbial control of insect pests and plant
diseases in the tropics. Oct. 19-26, 1980. UNESCO 48t Anniv College, Laguna.
Phil. ppl44-.l45.
Tanada, Y. and H.K. Kaya. 1993. Tnsect pathology. Acad. Press, San Diego, USA. 666pp.

Villacarlos, L.T. 2002. Diversity of Philippine entomopathogenic fungi: Potential
biocontrol agents and sources of novel compounds. A paper presented during the
National Research Council of the Philippines Annual Meeting. 02 March
2002. Centennial Hall, Mla. Hotel, Rizal Park, Mia. Phil. 20 pp.
Wang, C.J.K. and R.A. Zabel. 1990. Identification manual for fungi from utility poles in
the eastern United States. Allen Press Inc. Lawrence, Kansas. 356 pp.

Wagenaar, M.M., D.M. Gibson and J. Clardy. 2001. Akanthomycin, a new antibiotic
pyridone from the entomopathogenic fungus Akanthomyces gracilis. TEKTRAN.
http://www.nal.usda.gov/ttic.

Wilding, N., N.M. Collins, P.M. Hammond and J.F. Webber. (Ed.). 1989. Insect-fungus
interactions. 14thi Symposium of the Royal Ent. Soc. of London. Academic Press,
San Diego CA. 344 pp.

48

CHAPTER 3

SEASONAL OCCURRENCE OF POWDER-POST BEETLES,
Dinoderus minutus
F.

ABSTRACT
The study investigated the effect of climatic factors on the abundance of

D.

minutus and used these data to develop prediction models for beetle occurrence.

The experiment was conducted at the Makiling Forest Reserve Experimental Site
(MFRES) in Laguna and Kawayan Farm Experimental Site (KFES) in Rizal, Philippines.

Four methods of sampling beetle populations were evaluated to identif' the best sampling

method based on the average number of captured beetles per sampling. Starch and
moisture contents of bamboo were determined while temperature, relative humidity,
rainfall, wind speed were gathered from each experimental site. Data on beetle abundance
were correlated with the aforementioned factors.

The shelter trap collected the highest number of beetles per month, while

sweeping with net, trapping by baited traps and baited sticky traps were largely
ineffective. Generally, beetle populations peaked from February to early June and
declined or disappeared in the rainy season (July to October) from

1998

to 2000. Starch

content of bamboo and temperature significantly influenced beetle populations at both
sites. Site elevation, wind speed and rainfall were poorly correlated with beetle

occurrence. The results suggest that bamboo cutting should be scheduled during the later
part of rainy season to avoid beetle infestation.
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Statistical analysis showed that bamboo starch content was the best variable for

explaining the variation in the occurrence of D. minutus at both sites. However,
considering the direct relationship of temperature in the production of starch, the use of
temperature to predict beetle abundance also appeared to be practical.

INTRODUCTION

In general, the use of chemicals has proven to be an effective, dependable and
adaptable method of insect control. However, continued chemical use often leads to the

development of insect resistance, toxicity to non-target organisms and undesirable
environmental contamination. Considering the economic importance of bamboo in the
Philippines and the drawbacks of insecticide application, it is highly important to study
the population abundance of the insect pest Dinoderus minutus in order to develop more
ecologically-based management approaches.

Insect population studies are largely dependent on the sampling method. The
number of insects captured is considered as a proportion of the population from which the

sample was drawn (Southwood 1995). Among the various methods for sampling insects,

sweeping and trapping are the most common and simplest means for assessing insect
populations. The former is one of the most effective methods for quickly capturing large

quantities of insects in vegetation. Traps can provide some selectivity and trap design
depends on the behavioral responses of insects.

Light intensity is a critical factor in the dispersal of D. minutus adults. The beetles

are sluggish early in the morning, but move away from sunlight as the intensity increases

(Plank 1948). Adults are more active in the late afternoon than in the morning. The
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estimated development threshold for egg-to-adult emergence is 6.4 °C for D. minutus (Ch.

1), with optimum developmental at 28 to 30 °C. These results suggest that the prevailing

tropical temperature in the Philippines favors growth, development and proliferation of
this beetle. Since there is no standard sampling method for estimating the occurrence of
D. minutus, different traps were designed based on beetle feeding habits and life cycle.

In numerous studies, starch content of bamboo cuims has been shown to be
positively and strongly correlated with the degree of bamboo damage (Beeson 1941,

Plank 1950, Francia and Garcia 1958, Garcia 1970, Sulthoni 1983), however, the

influence of other environmental factors on beetle populations under Philippine
conditions is poorly understood. This lack of understanding on the influence of various
environmental characteristics on beetle abundance has far reaching implications

especially in pest management of D. minutus in bamboo.

This study examined sampling methods and the occurrence of beetles in 1998

-

2000 at two locations with the following objectives: a) to develop and evaluate sampling

methods for trapping adult beetles, b) to estimate seasonal occurrence of D. minutus in
two locations at different elevations, and c) to determine the influence of site elevation,
starch and moisture contents of bamboo and climatic factors on the changes in D. minutus
population at the two sites.
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MATERIALS AND METHODS

Experimental Sites

The relative population size of D. minutus was estimated at two experimental sites

at different elevations. Both sites were ideal for population studies due to the presence of

bamboo stands, accessibility and security. The sites were fenced and chemicals were
rarely applied around each site. The sites were also near weather stations maintained by
the International Rice Research Institute (IRRI), in Los Bauios, Laguna, Philippines where
meteorological or atmospheric condition data were obtained.

The Makiling Forest Reserve Experimental Site (MFRES)
The Makiling Forest Reserve Experimental Site (MFRES) is 800 m above sea

level and designated as the high-elevation experimental site. It is 65 km southeast of

Manila City and located within the 4,244 ha Makiling Forest Reserve (MFR) of the
University of the Philippines at Los Baflos in Laguna. It contains various valuable plant

species including bamboo stands. The vegetation ranges from mixed dipterocarps to
mossy forest (Cruz and Torres 1991).

The Kawayan Farm Experimental Site (KFES)
The Kawayan Farm Experimental Site (KFES) is a 20-hectare private bamboo
plantation established in 1970 by the late Engr. Domingo J. Alfonso in Pililla, Rizal. It is

58 km east of Manila City at an elevation of 100 m above sea level. It was designated as
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the low-elevation experimental site. The farm is planted primarily with several species of

bamboo including Bambusa vulgaris and B. blumeana and the vegetation was
predominantly cogon grass (Imperata cylindrica). Fruit-bearing trees such as avocado

(Averrhoa carombola), mango (Mangfera sp.), star apple (Chrysophyllum caimito),
papaya (Carica papaya), banana (Musa spp.), santol (Sandoricum koetjape), sineguelas
(Spondiae purpurea) and guava (Psidium guajava) are also cultivated inside the bamboo
plantation.

Sampling Methods for D. minutus

Four sampling methods (sweeping with an insect net, baited trap, baited sticky
trap and shelter trap) were used to determine D. minutus populations in each experimental

site. There was little information available on standard sampling methods to estimate D.

minutus population. As a result, traps were designed and fabricated based mainly on the
behavior, feeding habits and life cycle of the insect. The efficiency of the four sampling
methods was compared based on the mean number of beetles captured per month and the

costs of materials and sampling. The data obtained from the most efficient sampling
method were used to determine the effect of starch content, moisture content and climatic
factors on the relative abundance of D. minutus.

Sweeping of insect net (SIN)

A standard round nylon mesh insect net (380 mm diameter) (Fig. 3.1) was
employed in a sweeping motion, with 25 sweeps per sampling and repeated 10 times per
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month while walking at a normal pace. Samplings were conducted in the morning and
afternoon under or adjacent to bamboo stands and on nearby vegetation at each site.

Fig. 3.1. Example of insect net sweeping to capture
D. minutus adults.

Baited traps (BTs)

Twenty BTs with individual dimensions of 305 mm long x 406 mm width were
fabricated using #26 flat galvanized steel sheet (Fig. 3.2). The interior portion of the trap

had cylindrical, hollow areas of 60 mm and 30 mm at the front and rear ends,
respectively. Galvanized rods (0.25-mm diameter) were fixed 35 mm from both ends
across the hollowed area to support the bamboo bait.
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Fig. 3.2. Baited trap used to capture
D. minutus adults.

Baited sticky traps (BSTs)

Twenty BSTs measuring 330 mm x 330 mm each were fabricated from #26 flat

galvanized steel sheets (Fig. 3.3). A bait compartment with a 10-mm deep, triangular
hollowed area was provided along the apical mid-section of the trap. A 5-mm cleft was

furnished underneath as an avenue for the beetles to attack the bamboo bait. Both side

ends of the compartment had an opening for ease of installation, withdrawal and
replacement of the bait. The bait was placed inside the compartment, then the bottom
section was coated with a thin layer of STP motor oil, which served as trap material for
adult beetles.
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Top section

Bottom section

Fig. 3.3. Example of baited sticky trap.

The BTs and BSTs were painted yellow since many insect species are attracted to
this color (Pedigo 1989, Borror et at 1992). Traps were hung individually on a 1.5-rn high

wooden tripod about 0.5 m above the ground and installed underneath the canopy of
bamboo stands. Ten BT or BST traps were installed at each site with a distance of 100
meters between traps.

Shelter traps (STs)

Shelter traps were designed and installed in March 1998 due to the failure of the

first three collection methods to trap beetles during the initial sampling in January to
February 1998. The STs (0.6 x 0.6 x 1.2 meter) were fabricated using lumber. The roof

was overlaid with a yellow plastic canvas, without walls and floored with 25 mm x 50
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mm x 0.6 m long wooden slats (Fig. 3.4). The footings of the traps were placed in 1-liter
containers half-filled with used engine oil to protect the trap and bamboo baits against the
attack by other intruders such as ants and termites. Three STs were installed at each site.

Fig. 3.4. Example of shelter trap used
to collect D. minutus adults.

Only one bamboo bait was provided per BT or BST. The bait was exposed
horizontally across the rods and affixed with a rubber band in the BT, while the lure was
deposited inside the triangular bait compartment through the side opening in the BST. For

the ST, 20 pieces of bait in groups of five per trap were equidistantly arranged at equal
distance across the deck of each trap, with 4 layers perpendicular to one another.

Traps were installed at least 100 m apart underneath the bamboo canopy along the

edges of bamboo clumps at each site. All trap types were inspected two weeks after
installation. During the inspection, the numbers of powder-post beetles captured on the
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BST were recorded before new sticky oil was re-applied. All bamboo baits were retrieved
and replaced at the end of each month during the sampling period.

Estimation of the D. minutus Abundance

The abundance of D. minutus was estimated at the end of each month using each
of the four types of sampling tactics (SIN, BT, BST and ST). Sampling was conducted for
26 months (January 1998 to June 1999, November to December 1999 and January to June
2000) at MFRES and 18 months (January 1998 to June 1999) at KFES.

In the SIN method, the contents of the insect net after sweeping were transferred
into an insect killing jar and the collected D. minutus adults were counted. In the BT, BST

and ST methods, the retrieved baits from each field trap were placed in individual plastic

bags and brought back to the laboratory. The number of adult beetles was estimated by
direct counting through visual inspection and dissection of the bamboo bait with a sharp
knife one at a time. Beetles that adhered to the sticky surface of BST were also recorded.
The number of captured beetles was used to estimate the D. minutus abundance.

The data sets on the abundance of D. minutus population were correlated to
starch, moisture contents of the bamboo baits, temperature, relative humidity, rainfall and
wind speed using analysis of variance.

Preparation of bamboo baits
Three-year old, defect-free cuims of kauayan-kiling (B am busa vulgaris), a
bamboo species susceptible to beetle attack, were felled monthly and served as natural
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baits for the BT, BST and ST systems. All the baits used at both sites were obtained from
KFES during the sampling period.

Bamboo baits measuring 25-mm by 300-mm were prepared from the mid-portion
of the culm at internode numbers 10 to 15 from the butt. The moisture and starch contents

of the baits were determined from samples taken from the same portion of the culm used
for baiting (Garcia et al. 1997, 1998).

Determination of starch content of bamboo baits
The starch content of the bamboo baits during the sampling period was analyzed
following the method of Humphrey and Kelly (1961). Samples were sawn (25 mm thick)

from the same portion of the culm used for baiting and chopped into match-stick size
sections that were air-dried, ground and screened using a 200 mesh sieve (B.S.S.).

The moisture content of the samples was determined by oven-drying (see page 58)

then a 0.400 g oven-dried sample from each treatment was weighed into a 50-mi beaker,
to which 10 ml of 7.2 M perchioric acid was added. The acid was allowed to react for 10

minutes under constant stirring. The contents of the beaker were transferred to a 50-mi
volumetric flask, brought to volume with distilled water and centrifuged for 5 minutes at
4993 revolutions per minute. After centrifuging, a 10 ml aliquot was poured into a 50-mi
volumetric flask along with 2-3 drops of phenolphthalein and 4 ml 2N sodium hydroxide.

When the pinkish color disappeared, 3 ml acetic acid, 1 ml 10% w!v potassium iodide

and 5 ml 0.01 N potassium iodate were added. Colors ranging from light to dark blue

were allowed to develop for 15 minutes before bringing to volume. Absorption was
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measured at 650 mn using a U.V.!ViS Spectrophotometer. Starch contents were
determined by comparison with prepared standards.

Determination of moisture content of bamboo baits
Average monthly moisture content of the bamboo baits was determined by ovendrying. Ten samples measuring 25 mm long by 25 mm in circumference were sawn from

the mid-portion of the same culm used for baiting and starch analysis. The individual
fresh weight (W 1) was determined on-site using a portable, battery-operated balance. The

samples were oven-dried at 100°C to constant weight and weighed (W2). The average
monthly moisture content of bamboo was calculated using the formula:

%MC=W1W2 X 100
W2

Determination of temperature, relative humidity, rainfall and wind speed

The daily minimum and maximum temperatures and relative humidity were
recorded using an indoor/outdoor hygrometer at each experimental site. Rainfall and
windspeed data were obtained from the records of the Agromet Stations at IRRI, Los
Bailos, Laguna. For MFRES, records from the IRRI Main Agromet Station in Los Baños,

Laguna were obtained, while data for KFES were taken from the IRRI Siniloan Agromet

Station in Siniloan, Laguna. These stations were 5 and 10 kms from the MFRES and
KFES sites, respectively.
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Data Analysis

The efficiency of the four sampling methods to capture beetles (SIN, BT, BST and

ST) was analyzed by comparing the monthly mean frequencies of D. minutus over the 12

month test using an ANOVA, F-test. Unplanned paired comparisons of means of beetles
caught by each sampling method were conducted using Duncan's Multiple Range Test.

The effects of bamboo starch and moisture content and climatic factors on D.
minutus population size were analyzed using correlation and multiple regression analyses

(SAS, 2001). Stepwise regression was applied to determine the predictors that affected

beetle population and to determine the best regression model that could predict
population abundance at both sites. The final model at each site was combined to derive
the best regression model over two locations using ANOVA and F-tests.

RESULTS AND DISCUSSION

Assessment of Sampling Methods
There were significant differences in the average number of D. minutus captured

using the four sampling techniques (p-value <0.0001, F-test) (Table 3.1). Significantly
more D. minutus were captured by ST (38.4 beetles/trap/month) than by the BT, BST or

SiN methods (Table 3.2). The mean number of beetles captured by the latter three
methods ranged from 0 to 0.75 beetle per trap per month and there was a high frequency
of zero captures with these methods.

The efficiency of the ST technique could be attributed to the density of bamboo
baits. There were more bamboo baits used in the trap (20 pieces/ST), which attracted
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Table 3.1. Average number of D. minutus captured per month per sampling
method.

SAMPLING METHOD
Sampling No.
ST
26

1

1

0
0
0
36
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0

3

4

187
91

5

4

6
7

2
0
0
76
0
0
7

11

12
13
14
15
16
17

3

194
123
58
1

18

19

20
21

22
23

24

I ST

0

101

9
10

BST

0
0
0
0

2

8

BTJ2L

TOTAL

909

SD

60.1

1

0
0

2
0

0
0
0
0
0
0
3

5
3
1

2
0

0
0
0
0
0

ii

SIN
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0

shelter traps, values represented the average number of beetles captured in 3
traps, with 20 pieces of bamboo baits/trap.
k1
BT = baited traps, values represented the average number of beetles captured in 10
traps, with 1 piece of bamboo bait/per trap.
/ BST = baited sticky traps, values represented the average number of beetles
captured in 10 traps, with 1 piece of bamboo bait/trap.
/ SIN = sweeping insect net, values represented the average number of beetles
captured by 25 sweeps/sampling for 10 trials.
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Table 3.2. Mean frequency of D. minutus captured per sampling method per month
over a 12 month period.

Sampling Method

Mean !/

Shelter trap (ST)

38.4a

Baited sticky trap (BST)

075b

Baited sticky trap (BT)

00b

Sweeping insect net (SIN)

00b

1/ Means having the same letters are not significantly different (p=0.O5)

more D.minutus as compared with the single piece of bait provided in the BT and BST

traps. Phytophagous insect incidence can increase on high-density plots of their hosts

(Orians and Solbrig 1977, van der Mejden 1979, Lemen 1989).

Further, mechanical

damage to bamboo during harvesting or cutting produces an aromatic scent, which was
frequently noticed during monthly bait preparation. Weiner and Liese (1996) reported that

bamboo forms a thin layer of phenolic compounds as a reaction to wounding or cutting.

These aromatic compounds are probably attractive to D. minutus, eliciting a behavioral

response to find the baits. D. minutus adults have olfactory sensilla chemoreceptors.
These thin-walled, cuticular perforated structures concentrated on the antennae (Hatfield
et al. 1976, Payne 1979) and on some other parts of the body are used in the perception of
primary and secondary plant products. The higher concentrations of aromatic compounds

emitted by 20 bamboo baits in comparison with the single bait probably rendered the
former traps more attractive to the beetles.
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In contrast, the numbers of beetles trapped by the BT and BST methods were
significantly lower than those captured by the ST method. This was probably due to the
very low concentration of aromatic compounds from the single bamboo bait provided per
trap.

Sampling of D. minutus by SiN failed to catch beetles during the sampling period

at either experimental site. SIN results did not improve even when sweeping was
conducted during the peak beetle flight time (Plank 1948). D. minutus were observed to
be infrequent flyers, with their flying activity influenced by their feeding habits. When a

beetle found the bamboo bait and accepted it as a host, initial boring began. The adults
continued to attack and stayed inside the bamboo host as long as food was available for

growth and development. Many reviews have reported similar behavior (Billings 1985,
Johnson and Coster 1978, Payne et al 1988, Rudinsky and Ryker 1977) and this feeding
habit greatly affected the ability of the SIN method to collect D. minutus.

The estimated costs of sampling D. minutus using the four methods were
determined based on the cost of materials, number of traps and labor in 12 months (Table

3.3). The BST method was the most expensive (P3,255.00, US$ 59.18), followed by BT

(P2,765.00, US$ 50.30), ST (P2,310.60, US$ 42.00) and SIN (P1,600.00, US$ 29.09),
which was the cheapest sampling method.

Sampling by the BST method was expensive due to the added cost of the thin layer of
STP® oil applied to the trap surface twice a month. This method was also tedious and
entailed additional man-hours for the application, removal and re-application of STP oil.

The SiN method was the cheapest, easiest and quickest sampling method and did not
require bait replacement or trap maintenance. However, this method was ineffective. The
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Table 3.3. Cost of monitoring D. minutus using four sampling tactics.
Sampling Unit Cost No. of Total Cost Man-hrs
Tactics
of
Units
of
Needed!
Equipment Used Equipment Year !
SIN

P400.00
US$7.27

BT

P126.50
US$ 2.30

BST

P 145.50
US$ 2.65

ST

Annual
Cost of
Labor

Total Cost Cost!
of
Captured
Sampling Beetle

P 400.00
US$ 7.27

48

P 1,200.00 P 1,600.00
US$ 21.81 US$ 29.09

10

P 1,265.00
US$ 23.00

60

P 1,500.00 P2,765.00
US$ 27.27 US$ 50.30

10

P 1,455.00
US$ 26.45

72

P 1,800.00 P 3,255.00 P 180.95
US$ 32.72 US$ 59.18 US$ 3.29

1

P 420.20
P 1,260.60
3
42
US$ 7.64
US$ 22.91
Based on the minimum wage of P25. 00/man-hour.
Exchange Rate: US$ = P55.00

P 1,050.00 P 2,310.60
P 2.53
US$ 19.09 US$ 42.00 US$ 0.046

costs of sampling beetles by the BT and ST methods were similar as both tactics used
lures to collect the beetles, except that the former had single bait compared with the 20

baits in the latter. The cost per captured beetle, however, was 100 fold lower using the
ST method.

The cost and efficiency of sampling are essential parameters in choosing the best

method for monitoring insect populations. Even though the ST method was more
expensive than the SIN method, its ability to trap more beetles was the basis for its
selection as the sampling method for the remainder of this study. Consequently, the data

sets on the D. minutus population collected by ST method were used to analyze the
effects of various predictors on the seasonal abundance.
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Relative Abundance of D. minutus at MFRES, Los Baflos, Laguna

The D. minutus population in both experimental sites was estimated by trapping

using shelter traps (STs). The strength of the relationship that existed between the D.

minutus population at each site and the variables starch content, moisture content,
temperature, relative humidity, rainfall and wind speed was determined by stepwise
regression.

The monthly occurrence of D. minutus, in relation to percent starch and moisture

contents of the bamboo baits, temperature, relative humidity, rainfall and wind speed at
MFRES are presented in Table 3.4. Dinoderus minutus populations began to increase in

March, with the highest density recorded between April and June 1998. The population
was markedly reduced in July and no beetles were collected from August to October. The

beetles were observed again in November, but were absent from December to February

1999 (Fig. 3.5). The pattern of beetle abundance followed this same cycle in 1999 and
2000, but the population densities were quite low as compared with those found in 1998.

Relationship between captured D. minutus and % starch content of bamboo

Beetle populations were greater in 1998 than in 1999 or 2000. Monthly
populations ranged from 3 to 194 beetles in 1998 compared with 2 to 35 in 1999 and 2 to

45 in 2000. The average culm starch content ranged from 3.3% to 8.4% in 1998, 3.2 %
to 5.7% in 1999 and 3.3% to 5.4% in January to June 2000 (Fig.3.6). Dinoderus minutus

populations fluctuated annually, but their abundance tended to increase in March and
April when the greatest bamboo starch content was noted. There was strong evidence
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Table 3.4. Site characteristics, bamboo starch, bamboo moisture content and
number of D. minutus captured at MFRES.

Starch
Exposure
Period

# Beetles Content
Captured (%)

Mar 1-3 1, 98

3

Apr 1-30, 98
May 1-31, 98
June 1-30, 98
July 1-31, 98

194
123
58
1

Augl-31,98

0

Sept 1-30, 98

0
0
36

Octl-31,98
Nov 1-30, 98
Dec 1-31,98
Jan 1-3 1, 99
Feb. 1-28, 99
Mar 1-3 1, 99
Apr 1-30, 99
May 1-3 1, 99

June 1-30,99
Nov 1-30, 99
Dec 1-3 1, 99

Janl-31,00
Feb. 1-28, 00
Mar 1-31, 00
Apr 1-30, 00
May 1-31, 00
June 1-30, 00

0
0
0
2
35
23

5.7
7.5
8.4
6.3
5.8
4.2
4.7
4

3.6
3.3
3.9
4.3
4.7
5.3
5.7

MC of
Bait
(%)
66
63
88
94
109
112
149
138
83
89
93
83
68
126

102
113
109
98
88

Relative
Wind
Temp. Humidity Rainfall speed
(mis)
(°C)
(mm)
(%)
28.2
29.9
30.1

29.2
29.2
28.8
28.3
28
27.9
27
26.5
25.9
27.6
28.4
28.9
28.2
26.9
26.3
26
26.2
27.4

18

5.0
3.9
3.2
3.3
3.5
4.8
5.4

45

5.1

106

29
28.5

2

4.7

96

28.6

3

6
0
0
0
11

99
96
120

78
74
75

2
15

2.1

103

1.8

83

133

1

85

242

0.9

87
86
88
89
91

141

1

320
518
225
609

1.4

86

88

1.5

81

17

1.6

84
84
83
85
88
88
86
87
84
82
84
84

253
79
142
163
271
379
68
78
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that the annual increases in population density were associated with the seasonal variation

in the bamboo starch content during the 3-year sampling period (r = 0.77, p-value
<0.0001). The highest beetle populations were noted in April and May when starch
content was also the greatest.
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The beetle populations in November 1998 and 1999 declined, in contrast to the
populations in April and May of the same years. These declines may be due to the lower
bamboo starch contents in November 1998 (3.6%) and November 1999 (3.9%) compared
with the 8.4% and 5.3% in May and April in 1998 and 1999, respectively.

Starch production is high during the summer (March to May) because of the
availability of sunlight, temperature, water and carbon dioxide. In the rainy season (July
to December), the photosynthetic activity is lower because sunlight is limiting, resulting
in lower carbohydrate production.

Relationship between D. minutus incidence and bamboo moisture content
More D. minutus were captured from March to June when the moisture content of
bamboo ranged from 63 to 126% during the 3-year sampling period (Fig. 3.7). The beetle

population peaked in April and May and started to fluctuate before the start of the rainy

season (June). No beetles were captured during the heavy rainy season (August to
October) when bamboo moisture content ranged from 112 to 149 %. There was a
moderate evidence (r = -0.51, p-value = 0.01) that the beetle populations were inversely
correlated with bamboo moisture content.

Relationship between number of captured D. minutus and temperature
The mean temperature at the test site ranged from 25.9 to 30.1 °C from March
1998 to June 2000 (Fig. 3.8). The highest temperatures were recorded in the dry season
(April to May), while the lowest temperatures were experienced from December to
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bait moisture contents at MFRES.
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monthly temperature at MFRES.
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February. Collection of most D. minutus adults coincided during the highest temperature

range. The highest peaks of beetle population (123 - 194 beetles) and the highest mean
temperature (29.9 - 30.1°C) were recorded in April and May 1998. This trend in beetle
occurrence was the same in 1999 and 2000, although fewer beetles were collected. (Fig.

3.8). The temperatures during the dry season in years 1999 (27.6 - 28.9 °C) and 2000

(27.4 - 29.0 °C) were slightly lower than in year 1998 (28.2 - 30.1 °C) and may have
accounted for the lower beetle levels. Further, a longer dry season was noted in 1998

(March to July) as compared with those in 1999 and 2000 (March to June). The higher
temperature and longer dry season in 1998 provided more favorable conditions for beetle

development. The correlation coefficient of 0.61 (p-value

<0.0001) indicated a

somewhat linear relationship between the D. minutus population and temperature
suggesting that beetle population increased as temperature increases.

Relationship between captured D. minutus and relative humidity
Relative humidity ranged from 74 to 91% over the 22-month trapping period (Fig.

3.9). RH's between March and June increased yearly, i.e., 74 - 83%, 81 - 84% and 82 -

84% in 1998, 1999 and 2000, respectively. As expected, relative humidity tended to
increase during the rainy season (July to December) regardless of the year. D. minutus

were present when relative humidity was low (March to June) and absent as relative
humidity increased. Beetle populations tended to fluctuate or diminish during the rainy
months (July to October).

Data analysis showed a strong inverse relationship between beetle population and
relative humidity (r = 0.72, p-value <0.000 1). RH could affect substrate suitability by
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Fig. 3.9. Relationship between D. minutus collected and average
relative humidity at MFRES.

allowing competing microorganisms to alter the substrate or could favor beetle predators.
This effect suggests that elevated RH during storage might alter attack.

Among the possible predictors of D. minutus occurrence, neither rainfall amount

(r = - 0.32, p-value = 0.12) nor wind speed (r = 0.22, p-value

0.29) appeared to be

related to beetle incidence at MFRES. The dense vegetation of mixed dipterocarps and
bamboo stands at the MFRES may have served as a windbreak to control the winds that
prevailed in the area during the sampling period.
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Relative Abundance of D. minutus at KFES, Pililla, Rizal

The relative abundance of D. minutus at KFES varied in a manner similar to that recorded

at MFRES. The population density and possible predictors including starch content,
moisture content of bamboo, temperature, relative humidity, rainfall and wind speed are

listed in Table 3.5. Beetles were most abundant in the dry season (March to June) in
1998, then drastically declined and remained low from July to August of the same year

during the rainy season. No beetles were collected in September and October, while a

few were captured in November. In 1999, the initial population started to build up as
early as February and peaked in May. As with the results at MFRES, more beetles were
collected in 1998 than in 1999 (Fig. 3.10).

Table 3.5. Frequency of beetle collections, starch content of bamboo and site
environmental conditions at the KFES, Pililla, Rizal.

Exposure
Period
Mar 1-31, 98
Apr 1-30, 98
May 1-31, 98
June 1-30, 98

Julyl-31,98
Aug 1-31, 98
Sept 1-30, 98
Oct 1-31, 98
Nov 1-30, 98
Dec 1-31,98
Jan 1-31, 99
Feb. 1-28, 99
Mar 1-31, 99
Apr 1-30, 99
May 1-31, 99

Junel-30,99

Starch MC of
# Beetles Content
Bait
Captured (%)
(%)
26
101

187
91

4
2
0
0
76

5.7
7.5
8.4
6.3
5.8

4.2
4.7
4

7

3.6
3.3
3.9
4.3

2

4.7

6

5.3
5.7
5.0

0

0

51

21

66
63

88

94
109
112
149
138
83
89
93
83
68
126
102
113

Relative
Wind
Temp. Humidity Rainfall speed
(mm)
(mis)
(%)
(° C)
30
30.4
31.6
30.5
30.4
29.3
31

29.4
28.4
27.7
27.4
27.1
27.8
30

30.6
29

60
65

193

71

359
354
218
305
453
569
463
1156
420
155
294
263
174
306

75
74
76
82
78
77
82
74
76
80
69
71

74

144

3.2
3.4
2.9
1.7
1.1

1.2
1.5

2.3
3

4.4
5.2
5.8
3.7
3.1
1.7
1.1
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The seasonal occurrence of beetles at KFES and MFRES was somewhat similar,

but starch content of bamboo and temperature were the only measures that predicted
beetle population at the former site.

Relationship between captured D. minutus and bamboo starch content
D. minutus collections were more frequent between April to June in 1998 and
1999.

Beetle populations were high (91 to 187 beetles) during the periods when the

bamboo starch contents were also high (6.3 to 8.4%) (Fig. 3.11). Conversely, beetle
populations fluctuated and even disappeared at low starch levels.

The average starch contents of bamboo culm were 5.7, 7.5% and 8.4% in March,
April and May 1998, respectively, while beetle populations increased from 26 to 187
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Fig. 3.11. Relationship between D. minutus captured and bamboo starch
content at KFES.

individuals over the same period. No beetles were trapped from September to January of

the following year, except in November when an average of 76 beetles was observed
when starch content was only 3.6%. The presence of beetles in November suggested that

D. minutus could still attack bamboo with lower starch contents under favorable
environmental conditions. Average starch content of bamboo and beetle population both
decreased from March to May 1999.

A Pearson's correlation analysis showed that beetle populations were highly

correlated with bamboo starch content (r = 0.74, p-value

0.0009).

Clearly, the

suitability of the substrate for insect development was closely tied to the insect life cycle.
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The slightly higher mean temperatures at KFES (28.4°C) than at MFRES (27.9°C)

may have accounted for the increased of beetles occurrence in November 1998. Higher
levels of D. minutus at KFES (76 beetles) as compared with MFRES (36) may reflect the
higher mean temperature found at the former site.

Relationship between captured D. minutus and temperature
Beetle populations tended to vary with temperature levels although the increases were not

always simultaneous (Fig 3.12). The mean temperature range of 30.0 to 31.6°C between
March to June 1998 was higher than 27.8 to 30.6°C for the same period in 1999 and may

have accounted for the higher number of beetles captured. Powder-post beetle captures
increased from March to May when mean temperatures (30 - 31.6°C) and starch content

were also high. Beetle populations declined from June to August when the temperature
(29.3 to 30.5 °C) and starch contents decreased. Beetle populations and temperature were
moderately correlated (r = 0.52, p-value

0.04) at KFES.

Starch content was dependent on the season of the year. Peak starch levels were

observed during the summer when the photosynthetic activity was at its peak as starch
was accumulated to be utilized during the rainy season. The amount of starch during the
rainy season was significantly lower than during summer.

Beetle populations at KFES appeared to be poorly correlated with bamboo
moisture content (r = -0.47, p-value, 0.06), relative humidity (0.37, p-value, 0.15), rainfall
(-0.18, p-value, 0.50) and windspeed (-0.08, p-value 0.77). These poor relationships could

be due to the type of vegetation at KFES, which was primarily planted with several
bamboo species, cogon grass and a few species of fruit bearing trees.
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monthly temperature at KFES.

Relative Abundance of D. minutus and Relationship of Various Factors Between
MFRES and KFES
Among the predictors investigated, temperature and starch content were the major

correlates with beetle abundance at both the MFRES and KFES sites. Beetle populations

clearly responded to temperature fluctuations at both experimental sites. The number of

beetles captured in 1998 was increased in the summer as temperatures rose, but the
sudden declines in temperature during rainy days led to abrupt reductions or the complete

disappearance of beetles (Fig. 3.13). Beetle abundance followed the same trends in 1999
and 2000, although the number of beetles was lower. Pearson correlation analysis showed
a linear relationship between the number of D. minutus captured and temperature at
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Fig. 3.13. Relationship between beetles captured and average monthly
temperature at MFRES and KFES.

MFRES and KFES (p-value = 0.01). Higher summer temperatures may correspond to
higher photosynthetic activity that increases bamboo starch content. Furthermore, mean
summer temperatures (27.1 to 31.6 °C) were favorable for the growth and developmental

period of various stages of D. minutus (Ch. 1) compared with lower mean temperatures in

the rainy season. Greater volumes of bamboo are often purchased in the summer (Ch. 4),
and these levels encourage increased beetle populations.

Likewise, there was a strong evidence that D. minutus abundance was associated
with bamboo starch content (p-value < 0.0001) at both experimental sites. In 1998, peak

beetle occurrence was noted in the summer months when starch content was highest
(5.7% to 8.4%). Fewer beetles were captured in the rainy season when bamboo starch
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content was low (3.3 to 5.8%) (Fig. 3.14). The relationship followed the same trend in
1999 and 2000, although beetles were lower than in 1998. Although there was a yearly

decrease in starch content of bamboo, beetle populations peaked in the summer season

over the 3-year sampling period. Higher starch content reflects higher photosynthetic
activity and provides more food for beetle development.
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Fig. 3.14. Relationship of beetles collected and % bamboo starch
content of bamboo baits between MFRES and KFES.

Starch content of the substrate and temperature were strong predictors of beetle

population however, the variance contributed by temperature was masked by starch
content. Regression of all predictors against the number of beetles captured showed that
starch content helped explain more of the variation in beetle occurrence than temperature
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at both sites.

Starch content explained 74% and 77% of the variations in beetle

abundance compared to the 52 and 61% explained by temperature at KFES and MFRES,

respectively. Starch content was the primary factor considered in the development of a
final model to predict beetle population. The final model for the two experimental sites
was (Mean Y/starch)

- 106.57 + 27.43 (starch) (p-value, <0.00 1).

Site elevation (MFRES

800 m and KFES = 100 m) had no effect on D. minutus

occurrence (p-value, 0.24). Powder-post beetles occurred at elevations ranging from 100
to 800 m as reflected by the trends in the beetle population at both sites. There was only a

suggestive evidence that bamboo moisture content was associated with beetle frequency

at either site (p-value = 0.05). Although the data were less supportive for the effect of
moisture content on beetle occurrence, moisture effects on beetle dynamics could not be

ignored since moisture content was found to be correlated with beetle occurrence at
MFRES. Rainfall and wind speed did not affect beetle occurrence. The design of the

shelter trap with roofing and the dense canopy of vegetation at both sites probably
reduced the role of wind and rain on beetle populations.

CONCLUSIONS

Shelter traps (STs) provided the best method for monitoring bamboo powder-post

in the field. The STs can also be used in conjunction with starch levels or mean
temperature to predict the potential for D. minutus to damage freshly cut bamboo. These

predictions can be used to time harvesting or application of control measures. Peak

beetle occurrence during the summer months (February to early June) suggests that
harvested bamboo will be prone to heavy infestation by powder-post beetles. Elarvesting
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bamboo in the rainy season (July to October) or during the later part of rainy season

(January and December) could avoid powder-post beetle infestations. If cutting of

bamboo can not be avoided in the summer months, then application of chemical
treatment is necessary (Ch. 4) to protect the raw materials against beetle attack.

Although bamboo starch content was a major predictor of beetle abundance, its
field application might be difficult for bamboo farmers, owners or users. Determination

of wood starch is quite difficult, costly and requires technical know-how that is likely

impractical for the farmers.

The direct relationship between temperature and starch

production suggests that temperature might also be used to predict beetle population.
Temperature is easily monitored and forecasts can be determined one week or a month in

advance. Thus, calendar harvesting with the use of STs and temperature data can be part

of a bamboo post-harvest management program that can be used to guide the proper
scheduling of bamboo cutting to limit beetle infestation.
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CHAPTER 4

COSTS AND BENEFITS OF PROPHYLACTIC TREATMENTS OF
NEWLY FELLED BAMBOO

ABSTRACT

The efficacy of deltamethirn, permethrin and disodium octaborate tetrahydrate in

water or kerosene against D. minutus attack was assessed on freshly cut kauayan kiting

(Bambusa vulgaris). Insecticidal solutions prepared according to the manufacturer's
recommended dosage were applied by spraying. The effectiveness of the three insecticidal

solutions was evaluated based on the rate of damage sustained by bamboo samples in

comparison with untreated control. A survey of bamboo supply and demand in the
provinces of Laguna and Rizal was also conducted. The cost (C) and benefit (B) ratio for
the application of each prophylactic treatment was then determined

One hundred adult D. minutus beetles were capable of inflicting 50% damage on

30-cm long bamboo samples within the test period. Average degree of damage was 57
and 47% on the butt and top of the culms, respectively.

Deltamethrin containing 0.0001% a.i. in water or in kerosene provided significant

protection against powder-post beetle attack on bamboo for five weeks and permitted
only slight damage after 6 weeks. Paraffin did not appear to increase insecticidal efficacy.

In a survey of bamboo users and plantation owners in the provinces of Laguna and

Rizal, the most preferred bamboo species is B. blumeana, which is abundant in the area
and can be used to produce a variety of finished products. Harvesting is often done during

the dry season. A majority of respondents did not apply preventive treatments to freshly
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cut materials. Prices of beetle damaged bamboo were reduced, but these materials still
can be sold to the users. Based on the analysis, prophylactic treatment increases value by
twelve times the added cost of treatment.

INTRODUCTION
The main markets for Philippine bamboo furniture and handicrafts are the United

States of America, Japan, the United Kingdom, France, Netherlands, Germany and
Australia. The remarkable ingenuity and creativity of Filipinos to produce high quality
products make these materials competitive in the world market. Maintaining quality of
handicraft products requires not only craftsmanship, but also managing raw materials.
Low quality bamboo will eventually produce low quality products.

Although handicraft products made of bamboo have gained niches in the
international market, the susceptibility of bamboo to powder-post beetle attack cannot be
ignored. Beetle attack reduces raw material quality and the value of the finished product.

Among the many species of bamboo, Bambusa vulgaris is the most susceptible to beetle

attack due to high starch content (Ch.3, Tamolang et al 1980, PCARRD 1984, Sulthoni

1987, Liese 1998). Damage begins within 24 hours after cutting and the frequency of
damage is high during summer months when the starch content is also high as compared

to cuims felled during the rainy period (Ch. 3). Immature cuims are more susceptible to

attack than mature culms (Plank 1950). The maximum starch content is attained in
March, the driest month of the year (Viado and Ylagan 1957). Split bamboo is more
susceptible to powder-post beetle attack than the round cuims (Suithoni 1985). Untreated
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bamboo may last for 1 to 3 years when exposed in direct soil contact, but up to 7 years

when protected. (Lantican et al 1985). The degree of beetle attack in bamboo species
varied. Bamboo species like caila del buho (Schizostachyum lumampao) and kauayan
tinik (Bambusa blumeana) are more resistant to beetle infestation than bob
(Gigantochloa levis) and kauayan kiling (B. vulgaris).

Prevention and control of powderpost beetle attack is a major concern of bamboo

furniture and handicraft manufacturers. A variety of methods have been evaluated to
improve the durability of bamboo (Beeson 1941, Viado 1955, Singh and Tewari 1981a

and 19811,, Casin and Mosteiro 1970, Liese 1980, Shukla et al 1979, Sulthoni 1987,
Garcia et al 1997, Giron et al 1998), however, chemical treatments have proven most
effective.

This study determined the efficacy of prophylactic treatments sprayed on freshly
cut bamboo and determined the cost and benefits of using these treatments. Concurrently,

key information on the volume, species, cost and uses of bamboo, time of harvesting and
duration of storage in plantation sites in the provinces of Laguna and Rizal were gathered

through personal interviews to provide the primary data necessary for a cost /benefit
analysis.
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MATERIALS AND METHODS

Efficacy of Prophylactic Treatment
Rearing of D. minutus

Adults of D. minutus were reared in the freshly cut mid-portion of B. vulgaris

culms (2.5 X 30 cm). The mass rearing of test insects followed the same procedures
described in Chapter 1.

Determination of the number of test insects for screening trial
There was no available information on the number of D. minutus beetles required

to assess beetle attack under controlled conditions. Hence, a preliminary experiment was

conducted to identify the ideal number of insects necessary for screening the
preservatives under laboratory conditions.

Freshly cut 3-year old culms of Bambusa vulgaris Schrad ex. Wendland (Kauayan

kiling) were sawn into 0.3 m long samples. The upper butt and lower top portions of each

sample were covered with nylon mesh to limit attack on one cut section of each culm to

simulate a full-length cuim with the butt and top cut ends exposed to insect attack. The

prepared samples were placed individually in a 120 mm x 130 mm x 340 mm plastic
insect cage. The top cover and both sides of the beetle cage were made of nylon mesh that
allowed air exchange, but limited beetle access.
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Three to 4-day-old D. minutus adults in groups of 60, 80, 100 or 120 beetles were

artificially released into individually caged bamboo butts or tops. Each beetle level was
replicated three times. The bamboo was exposed for 4 weeks, then the degree of attack on
each sample was visually rated.

Evaluation of the degree of beetle damage
The degree of damage caused by the beetles or group of beetles was assessed as
follows:

% Beetle Damage
on Bamboo Surface Area
0

1 - 25

Classification
No damage
Slightly damaged

26 - 50

Moderately damaged

51 - 75

Heavily damaged

75 - 100

Very heavily damaged

The number of beetles (60, 80, 100 or 120) that inflicted at least 50% damage in
the shortest period of time was then selected as the insect density for subsequent tests.

The experiment used a Completely Randomized Design (CRD) using the four
groups of beetle number as treatments. Each treatment was replicated three times. An
analysis of variance (ANOVA) of the degree of damage was performed among treatments

and differences were determined using an F-test, while differences among treatment

means were analyzed using Duncan's Multiple Range Test (a = 0.05) (Ramsey and
Schafer 1994).
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Preparation of chemicals, bamboo samples and prophylactic treatment application
The effectiveness of three commercial insecticides, deltamethrin, permethrin, and

disodium octaborate tetrahydrate (DOT) was evaluated against D. minutus attack on

freshly cut bamboo. Deltamethrin solution containing 0.0001% or 0.00005% active
ingredient (a.i.) in water, kerosene or kerosene plus 0.5% paraffin. DOT was dissolved in

water only at 20% weight per volume, while a ready to use (RTU) formulation of
permethrin containing 0.2% a.i. was tested as supplied.

A total of nine treatments were evaluated against D. minutus attack: a) 0.0001 %

a.i. deltamethrin in water; b) 0.0001% a.i. deltamethrin in kerosene; c) 0.0001% a.i.
deltamethrin in kerosene + 0.5% paraffin; d) 0.00005% a.i. deltamethrin in kerosene +
0.5% paraffin; e) 0.1988 % a.i. DOT in water; and, f) 0.2% a.i. permethrin (ready to use =

RTU). Kerosene alone or kerosene + 0.5% paraffin as well as untreated samples were
also included as control treatments.

Bamboo samples (0.3 m long) from the butt- and top-ends of newly harvested B.

vulgaris culms were sprayed to runoff with the appropriate chemical solutions using a
hand-held sprayer at a distance of 20-30 cm away. The average time of application was
determined so that the costs of treatment could be calculated. Each chemical was applied
to 3 samples. The excess chemical solutions were allowed to drain from the bamboo prior
to exposure to 100 D. minutus adults in cages as described earlier.
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Mortality of D. minutus and degree of damage on bamboo applied with prophylactic
treatment
The efficacy of the prophylactic treatments was assessed using percent insect
mortality and degree of damage. Mortality was recorded at weekly intervals and new
batches of insects were introduced into the cage to replace dead insects and determine
how long the treatment remained efficacious. Beetle introductions ceased when adults
started feeding on the treated cuims.

The degree of damage was assessed weekly after treatment for 6 weeks and
followed the rating system used in the test to estimate the number of beetles to be used in
the screening trials.

Data Analysis

The data were analyzed using a Completely Randomized Design (CRD) and an

Analysis of Variance (ANOVA) to assess differences in degree of damage among
treatments, while differences among treatment means were compared using Duncan's
Multiple Range Test (a = 0.05) (Ramsey and Schafer 1994).

Costs and Benefits of Prophylactic Treatments

Chemical application rates were determined by measuring the volume of solution

applied to the bamboo surface area. Total bamboo surface area including any cut side

branches was determined by measuring length and diameter of the culms. This
information was used to determine chemical applied per square meter of bamboo. The
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average estimated cost of applying prophylactic treatment was generated from the cost of

chemical and the labor required for application. The total cost of applying prophylactic
treatment to 1,000 pieces of harvested cuims was determined Average chemical cost was
obtained from at least three (3) different suppliers. The cost of labor was estimated based

on the number of bamboo cuims treated per unit of time and the minimum daily wage of
an insecticide applicator and that of a regular wage earner (Philippine Labor Code 1999).

Survey of supply and demand of bamboo

A survey was conducted to determine the average price paid for freshly cut
bamboo compared to that paid for bamboo with varying levels of beetle damage. Average

bamboo costs were used to determine the cost and benefits of applying prophlylactic
treatment.

A survey form (Appendix Form 4.1) was prepared which included information on

the species, age, use, volume, time of cutting, storage, problems, control measures used,
and the willingness to buy bamboo materials with differing degrees of beetle damage (5,

10, 25, 50 and 100%). Diagrams of the butt of the culm with various levels of damage
were shown to the respondents during the survey (Appendix Fig. 4.1). The data generated

were used to develop a scale that described manufacturer or bamboo user willingness to
buy freshly cut bamboo with or without specific levels of beetle damage.

Twenty bamboo users (like bamboo weavers, furniture and handicraft makers,
sawale makers, fishpond owners) and 3 bamboo plantation owners were interviewed in
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the provinces of Laguna and Rizal. These provinces lie along Laguna de Bay where many
bamboo producers and manufacturers are located.

Cost and Benefit Analysis

Treatment benefits were analyzed on the basis of additional or incremental
benefits and costs. The added cost of treatment was based on costs for chemicals and

labor for treatment as well as the number of cuims that could be treated with a given

volume of chemical. Tn addition, the total returns from the sale of treated as well as
damaged poles were also assessed. For the process to be acceptable, benefits must exceed

additional costs. These criteria were expressed as:

B > C; where B RT - RN, and RT = revenues from the sale of treated poles
RN = revenues from the sale of damaged poles
C

additional cost of treating

RESULTS AND DISCUSSION

Efficacy of Prophylactic Treatment
Determination of the number of test insects for screening trial
One hundred beetles caused at least 50% damage with an average of 57 and 47%

damage on the untreated butt and top, respectively, after one week of exposure (Table

4.1). Bamboo exposed to 120 beetles sustained more damage (50 to 63%), but a
comparison of treatment means showed that the damage inflicted was not significantly
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Table 4 1. Average percent damage in untreated butt- or top-sections of
B. vulgaris exposed to various population densities of D. minutus.

a

Damage (%) -/

Number
of
Beetles

Butt-section

Top-section

3 weeks 4 weeks 1 week 2 weeks 3 weeks 4 weeks

1 week

2 weeks

60

17b

40b

77a

83a

lOc

38b

53b

63b

80

20b

47b

87a

93a

27b

50b

7Oab

85ab

100

57a

80a

87a

lOOa

47a

90a

87a

93a

120

63a

88a

93a

lOOa

50a

97a

lOOa
lOOa
/ Values represent means of three replicates. Means having the same letter in each
column are not significantly different at a = 0.05.

different from that caused by 100 individuals. Samples exposed to 60 or 80 individuals
experienced damage that ranged from slight to moderate (10 to 27%) for the same period.

Beetles caused heavy damage with longer exposures regardless of initial population and
the rate of damage did not differ significantly regardless of the number of individuals.

A comparison of treatment means showed that 100 individuals were capable of
inflicting 50% damage within the shortest exposure period. Thus, this number of beetles

was used in subsequent tests to evaluate the efficacy of the various insecticide
preparations against powder-post beetle attack in bamboo.
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Mortality of D. minutus and degree of damage on bamboo applied with
prophylactic treatment
All of the chemical formulations provided comparable protection against powder-

post-beetle attack on the treated bamboo butt samples after one week (Table 4.2).
Bamboo samples treated with kerosene alone, kerosene + 0.5% paraffin-treated or left as

untreated samples were all moderately damaged (47-50%) and experienced significantly
greater damage than the chemically-treated samples. The samples continued to sustain

Table 4.2. Degree of D. minutus attack on the butt portions of B. vulgaris cuims
1 to 6 weeks after treatment with selected insecticides.
%
active
% a.i.
TREATMENT ingredient in the
(a.i.) solution

Degree of D. minutus Damage (%)
Solvent

1 wk 2 wks 3 wks

Deltamethrin

2.5

0.0001

Deltamethrin

2.5

Deltamethrin

2.5

Deltamethrin

2.5

Kerosene
Kerosene +
0.0001 0.5% paraffin
Kerosene +
0.000050.5% paraffin

D0T

99.4

0.1988

0.20

0.20

-

-

4 wks

5 wks

6 wks

0b

0c

0c

0d

0d

6.7 d

0b

0c

0c

0d

0d

5d

0b

0c

0c

0d

0d

3.3 d

5b

13 b

30 b

40 b

55 b

67 b

6.7 b

10 bc 25 b

37 b

50 b

57 bc

0b

0c

6.7 c

15 c

28 c

43 c

47a

72a

90a

lOOa

lOOa

lOOa

48 a

67 a

87 a

97 a

100 a

100 a

Untreated
50a 77a 97a lOOa lOOa
' Values represent means of 3 replicates. Means having the same letter in each
column are not significantly different at ct. = 0.05.

lOOa

Permethrin
Kerosene

Water

0.0001

Water
Ready to Use
(RTU)
-

+ 0.5%
Kerosene

-

-

paraffin
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heavy damage (ranging from 67-100%) during the succeeding weeks. Kerosene had only
minimal repellency and then only for the first few days after application.

Permethrin 0.2% a.i. or deltamethrin at the highest concentration (0.0001% a.i.) in
water, kerosene, or kerosene plus paraffin provided significantly better protection against

attack than either DOT at 0.1988%

a.i.

in water or deltamethrin at the lower

concentration (0.00005% a.i.) + 0.5% paraffin which both experienced attack 3 weeks

after treatment. The samples treated with the latter formulation exhibited moderate
damage as early as three weeks after treatment suggesting that paraffin did not enhance
protection against beetle attack.

Deltamethrin solutions with 0.0001% a.i. in water or kerosene provided complete
protection against beetle attack for 5 weeks and only experienced slight damage 6 weeks

after treatment. Deltamethrin has been shown to control wood boring beetles in the
United States and Europe (Fears and Leca 1995). Giron and co-workers (1998) found

that deltamethrin at 0.0001% a.i. in water also prevented D. minutus from damaging
bamboo.

Deltamethrin was equally effective in water or kerosene, while the addition of
paraffin did not provide additional protection. Paraffin acts primarily as a coating material
to repel water from the surface (Morrison and Boyd 1983), but its presence did not appear
to enhance insecticidal activity.

Deltamethrin formulations provided protection that was comparable to DOT and

permethrin on the top portion of the samples for the first 3 weeks (Table 4.3). All
deltamethrin formulations except the 0.00005% a.i. + 0.5% paraffin treatment provided
significantly better protection than DOT or permethrin in the fourth to sixth week of the
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Table 4.3. Degree of D. minutus attack on the top portions of B. vulgaris cuims
1 to 6 weeks after treatment with selected insecticides.

active
% a.i.
TREATMENT ingredient in the
(a.i.)
solution

Solvent

Deltamethrin

2.5

0.0001

Water

Deltamethrin

2.5

Deltamethrin

2.5

Deltamethrin

2.5

Kerosene
Kerosene +
0.0001 0.5% paraffin
Kerosene +
0.00005 0.5% paraffin

D0T

99.4

0.1988

Permethrjn

0.20

0.20

Kerosene

-

-

Degree of D. minutus Damage (%)

1 wk 2 wks 3 wks

4 wks

5 wks

6 wks

0c

0c

0c

0d

0e

3.3 d

0c

0c

0c

0d

0e

1.7 d

0c

0c

0c

0d

0e

1.7 d

0c

3.3 c 8.3 c

23

37

C

47 b

Water
Ready to Use
(RTU)

0c

0c

6.7 c

15 c

33 c

37 c

0c

0c

3.3 c

15 c

22 d

43 bc

-

30b

60b

68b

80b

87b

93a

33 b

55 b

63 b

77 b

93 ab

100 a

Untreated
57a 97a lOOa lOOa lOOa
' Values represent means of 3 replicates. Means having the same letter in each
column are not significantly different at a = 0.05.

lOOa

0.0001

C

+ 0.5%
Kerosene

-

-

paraffin

test. Complete protection of deltamethrin-treated samples was noted after the fifth week,
but some initial beetle infestation was found 6 weeks after treatment.
Kerosene or kerosene + paraffin-treated samples were moderately attacked but the

degree of damage was significantly lower than that found on untreated samples after the

first week. Kerosene continued to provide some protection until the fourth week of the
test. The severity of damage on the untreated and kerosene-treated samples was similar
during the fifth and sixth weeks, suggesting that any benefit of solvent treatment was lost
with time.
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In general, 0.0001% deltamethrin in water or kerosene alone protected freshly cut

bamboo against powder-post beetle attack. However, the deltamethrin water formulation

was chosen for cost/benefit analysis since water is virtually free, while kerosene costs
approximately P13.00 per liter. The addition of 0.5% paraffin was not considered because
it did not appear to increase insecticide efficacy.

Costs and Benefits of Prophylactic Treatments

Supply and demand of bamboo

A total of 20 bamboo users in the provinces of Laguna and Rizal responded to the

purchaser survey on the cost of bamboo. The respondents used 24,250 culms per year
among five species, [Bambusa blumeana J.A. & J.H. Schultes (kauayan tinik), B. vulgaris

Schrad (kauayan kiling), B. merrilliana (Elmer) Rojo & Roxas corn. nov. (bayog),
Dendrocalamus asper (Schultes f.) Backer ex Heyne (giant bamboo) and D. latflorus
Munro (botong or machiku)]

(Fig. 4.1). Bambusa blumeana was the most heavily

utilized species comprising 71.2% of the total bamboo requirement, while B. vulgaris was

the least utilized. The frequency of use of B. blumeana could be attributed to its
predominance and varied uses in the surveyed areas. This species is an erect bamboo that

is well suited for furniture making. Its thick wall also makes it desirable for making
handicraft products such as baskets, mats, sawale, hats and other novelty items. Physical
and mechanical properties also make this species suitable for fish cages in Laguna de

97

D. merillianus

B. vulgaris

1,300(5.4%)

100(0.4%)

D. asper
2,000(8.2%)

B blumeana
17,250(71.2%)

G. levis

3,600(14.8%)

Fig. 4.1. Bamboo utilization by species among survey
respondents in the Laguna and Rizal provinces.

Bay. Fish cages need strong materials that can support nets against strong winds and
waves.

Bambusa vulgaris is very susceptible to beetle attack due to its high starch content

(Liese 1998) and its physical and mechanical properties are less desirable for commercial
use in fish pens or in furniture and handicraft making (Espiloy 1985).

Fifty percent of survey respondents used bamboo for furniture and handicraft making and

36% for the fishing industry (Fig. 4.2). Only 9% used bamboo for construction purposes,
while the remaining 5% listed other purposes. Laguna and Rizal are adjacent provinces in

the Luzon Region that lie along the seashore of Laguna de Bay. For this reason, furniture

and handicraft making and fishing are the two major sources of income for the rural
population in this area.
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Fig. 4. 2. Uses of bamboo in Laguna and Rizal provinces.

Between 5 and 8 culms are needed to construct a single piece of furniture,
depending on the design. Hundreds to thousands of bamboo poles may be required for

fish pens, although the quality required may be lower. Bamboo is ordinarily used as
scaffolding for construction, but the emergence of collapsible steel frames has reduced
bamboo applications in construction. Only 5% of the respondents used bamboo for other

purposes such as for fences, fiesta decors, gates or houses for domesticated animals.
Bamboo uses for fishing, furniture and handicraft industries appear to be expanding in
comparison to other applications.

Bamboo materials were more commonly purchased during the dry season (41.6%

of respondents) (Fig. 4.3) and markedly declined during the rainy season. This could be
due to the difficulty in repairing and installing poles in fish pens as well as problems with
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Fig. 4.3. Proportion of bamboo harvested by season in
the Laguna and Rizal provinces.

transporting and drying bamboo during the rainy season. The data, however, show that
demand for bamboo for various uses exists throughout the year.

Regardless of species, 49% of the respondents indicated that 3-year-old bamboo

was the most preferable age (Fig. 4.4). This preference probably reflects the higher
physical and mechanical properties of bamboo at this age compared with younger cuims

(Espiloy 1994). Three-year-old cuims are typically recommended for the furniture,
construction and fishing industries.

Younger culms (1 to 2 year old) are only used by the handicraft industry, where
they are converted into strips and woven into finished export products such as baskets or

trays (Garcia et al. 1997). Preference for 3-year-old cuims was also evident for D.
la4Jlorus, while there was an equal preference for 1 to 2 and 3-year-old B. merilliana and
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Fig. 4.4. Ages of bamboo used by the respondents.

B. vulgaris (Fig. 4.5). B. merilliana and B. blumeana are used in similar applications, but

the former is less common and a less preferred species in the surveyed areas.

Although

B. vulgaris is abundant in the surveyed area, it was not preferred by respondents due to its

susceptibility to D. minutus and fungal attack (Giron et al 1997, 1998, Giron and San
Pablo 1992).

Freshly cut culms are not stored for long at the plantation because of their
susceptibility to deterioration. About 60% of the respondents said that the cuims
remained in the plantation for only 1 to 3 days, while 30% allowed bamboo to stay in the
field for 1 week (Fig. 4.6).

Plantation owners had no problem with powder-post beetle infestations regardless
of storage, although it is unlikely that the material would be left for a period long enough
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0

50

.0

30

0

0

0-

r

B. blumeana

B. vulgaris

D. asper

D. ,nerillianus

D. latijiorus

1-2Yrs U3Yrs o>3Yrs

Fig. 4.5. Preferred bamboo species, by age for
survey respondents

Fig. 4.6. Storage periods for freshly cut bamboo in the
plantation site prior to hauling.

102

for the attack to be evident. Growers do not fell bamboo without an approved purchase

order and make prior arrangements to schedule cutting and hauling dates. Bamboo is
rarely stored in the plantation for more than 2 to 3 weeks and this only happen if vehicles
are not available to haul the materials to the purchaser.

Bamboo price depends on quality as well as the presence or absence of defects
such as D. minutus infestation and fungal attack. Manufacturers of bamboo products still

prefer defect-free raw materials. Powder-post beetle infestation was considered to be a
serious problem and 48% of the respondents complained about the adverse effects of this

insect on the quality and consequently the market value of the finished products (Fig. 4.
7).

None
(10%)

Not aware
(14%)

Beetles

(48%)

Fungi
(2S%)

Fig. 4.7. Survey respondent perceptions of the causal
agents of bamboo deterioration.
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A majority of the respondents (46%) did not treat their bamboo materials and only

36% applied chemical treatment (Fig. 4.8). Others (18%) used traditional methods like
soaking in water. The very low percentage of those that apply chemical treatment is

Fig. 4.8. Control methods used by survey respondents
to protect bamboo from biodeterioration.

probably due to the fact that they are not aware of the susceptibility of bamboo to
biodeterioration. Furthermore, 30% of the total bamboo production is used in fish cages

where chemical treatment is probably not as essential and might have negative
environmental effects.

The survey also revealed the willingness of some respondents to buy bamboo even

if the materials already exhibited some signs of powder-post beetle attack (Table 4.4), but
at a reduced price. Respondents were willing to pay 18.5% less for cuims with 5% beetle
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Table 4.4. Effect of degree of D. minutus damage on prices paid for bamboo culms.

Degree of Damage
Cuims

% Reduction
In Price

No damage

0

P 58.75 (US$ 1.07)

5%

18.5

P 47.90 (US$ 0.87)

P 10.85 (US$ 0.20)

10%

35.8

P 37.70 (US$ 0.68)

P 21.05 (US$ 0.38)

25%

68.3

P 18.10 (US$ 0.33)

P 40.15 (US$ 0.73)

50%

83.3

P 10.00 (US$ 0.18)

P 48.75 (US$ 0.89)

Price
Per cuim

Loss in Income
Per cuim
0

P 58.75 (US$ 1.07)
i-Difference between the price of undamaged poles and the reduced price of
the damaged poles.
-Price at which traders can sell undamaged poles.
100%

100.0

0

Exchange rate: US$ = P5 5.00

damage than the price for undamaged culms. The price decreased as the intensity of culm
damage increased.

Reduced prices also mean reduced income for bamboo traders. Instead of selling

undamaged poles for P58.75 (US$ 1.07), these poles can be sold for only P47.90 (US$
0.87) when 5% of the cuim was damaged which is equivalent to an income loss of P10.85

(US$0.20) per pole. Losses can reach as much as P48.75 (US$ 0.89) per pole depending
on the degree of infestation. Nobody was willing to buy culms with 100% beetle damage.
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Cost and Analysis of Prophylactic Treatments

Full culms used in the chemical test averaged 12.7 m long and 10.9 and 6.4 cm in
diameter at the butt and top portions, respectively (Table 4.5). Culm wall thickness at the

Table 4.5. Data used to determine the cost of prophylactic treatment.

Characteristics

QtylDimensions

1

Number of full-length bamboo (B. vulgaris)

10 pcs

2

Average culm length:

48.1 ft

3

Average culm wall thickness:

butt,

top

1.4 cm,

0.5 cm

4

Average culm diameter:

butt,

top

10.9 cm,

6.4 cm

5

Average length of internodes

6

Average number of internodes

7

Average number of cut ends

8

Average surface area of the butt, top and side branches

178.6 sq. cm

9

Average time of applying treatment

1.58 minutes

10

Average volume of chemical solution sprayed

11

Average cost of chemical solution

12

Cost of chemical (27.8 ml/culm x P0.027/ml)

P 0.75 (US$0.014)/culm

13

Cost of labor (1 applicator + 2 helpers)

P 0.50 (US$0.009/culm

14

Total cost of a. .lying treatment (P0.75 + P0.50)

P 1.25 (US$ 0.18)/culm

1.04 ft

46.4 ft
48

27.8 ml per culm
P 0.027 per ml
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butt and top were 1.4 and 0.5 cm, respectively, and the average total surface area treated

with chemical solution was 178.6 sq. cm.

The average volume of chemical

solution sprayed was 27.8 ml per cuim at a cost of P0.75 (US$ 0.01). The treatment was
applied by 3 persons, 1 applicator and 2 helpers at a cost of P0.50 (US$ 0.009) per cuim.
The total cost of treatment was P 1.25 per pole (US$ 0.02/pole).

The benefits of prophylactic treatment of cuims were assessed by examining costs

and benefits with and without treatment, from the point of view of a bamboo trader
(Table 4.6). After harvesting, culms can deteriorate by as much as 50% of the total
volume without treatment. At this level of infestation, buyers will only pay P10.00 per

culm, 83% less than the price of good culms. At this price, the trader not only fails to
recover a large part of his raw material cost of P47,500.00 per 1,000 culms, but also fails

to earn the expected profit of P11,250.00 which the could have earned from clean
materials. Similarly, at 10%, and 15% levels of infestation the trader loses most of the

capital invested for raw materials as well as the expected profits. At the 5% level of
infestation, returns from sales just cover raw material costs and the trader earns a small

profit of P400.00 (US$ 7.27). This amount, however, is still P 10,850.00 (US$ 127.27)

short of the expected profits. On the other hand, prophylactic treatment of culms adds
value to bamboo poles. As such, the trader can sell treated poles for more than the market

price of P58.75 (US$ 1.068). If the trader sells treated poles for P63.75 (US$ 1.16 per
pole), 1,000 poles will have a gross value of P63,750.00 (US$ 1,159.09). Comparing this

with the gross returns (P47,900.00, US$ 870.91) at the lowest level of infestation (5%),
the trader has increased returns by P15,850 (US$ 288.18). This amount is twelve times
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Table 4.6. Cost and return analysis of bamboo poles with and without chemical
treatment (P11,009 poles).

Without Treatment
With
Treatment
Costs
Culms
Treatment CostsW

P47,500.00
US$863.63
1,250

US$ 22.72
TOTAL COST

Retums

Net Benefit'

5%
10%
50%
25%
P47,500.00 P47,500.00 P47,500.00 P47,500.00
US$863.63

-

US$863.63

US$863.63

US$863.63

-

-

-

P48,750.00 P47,500.00 P47,500.00 P47,500.00 P47,500.00
US$863.63
US$863.63
US$ 886.36 US$ 863.63 US$863.63
P63,750.00

P47,900.00 P37,700.00 P18,100.00

P10,000.00

US$ 1,159.09

US$870.90

US$685.45 US$329.09

US$181.81

P 15,000

US$272.72

Profits lost

Total Losses1'

P400
US$ 7.27

(P9,800)
(P28,900) (P37,500)
(US$178.18) (US$534.55) (US$685.45)

(P11,250)

(P11,250)

(P11,250)

(US204. 54)

(US204. 54)

(US204. 54) (US204. 54)

(P11,250)

(P10,850) (P21,050) (P40,150) (P48,750)
(US$197.27) (US$382.72) (US$730.00)(US$886,36)

' Culms cost P47.50 per pole.
Cost of treatment is P1.25 (US$ 0.02) per pole.
Treated poles are sold at P63.75 (US$ 1.16) per pole, while damaged poles are sold
at the prices given by consumers, as shown in Table 4.
-' Difference between Total Costs and Benefits.
Difference between the expected gross returns (P58,750, US$ 1068.18) and cost of
untreated raw materials (P47.50, US$ 0.86). Had the culms been undamaged, the
trader could have sold them for P58.75 (US$ 1.06) per pole.
Exchange Rate: US$

P 55.00

more than the added cost of treatment and satisfies our criteria that B > C. Clearly,
Chemical treatment adds value, but it also greatly simplifies handling logistics since
culms can be stored for longer times with lower risks of beetle damage.
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CONCLUSIONS
Deltamethrin solution containing 0.0001% a.i. in water or in kerosene provided

complete protection against powder-post beetle attack in freshly cut bamboo for five
weeks and sustained only slight damage after 6 weeks. Supplemental treatments may be

applied on the fourth week after cutting to prevent further infestation. Kerosene or
paraffin did not appear to increase insecticidal efficacy.

The most preferred bamboo species is B. blumeana which is also the most
predominant species in the area and can be used for a variety of finished products.
Harvesting is often done during the dry season and a majority of respondents did not

apply protective treatments. Survey respondents reported that bamboo prices were
reduced from P58.75 to P47.90 due to damage which is equivalent to P10.85 ($0.19) per
pole.

Based on the analysis, benefits due to prophylactic treatment are twelve times the

added cost of treatment. The use of prophylactic treatments clearly reduced losses due to

powder-post beetle attack and could help improve the value of bamboo produced in the
region.
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SUMMARY AND RECOMMENDATIONS

The alarming shortage of indigenous timber species and recent restrictions on

timber cutting will undoubtedly continue to intensify utilization of bamboo in the

Philippines. Bamboo is mainly used as a raw material for the low-cost housing
construction industry, fish pens for the fishing industry and as props by the banana

industry. There is also a great demand of bamboo for the furniture and handicraft
industries since it can be manufactured into a wide range of handicraft products for local

and international markets. The Philippine bamboo furniture and handicraft sector
generated an average of US$ 436.9 M per year from 1991 to 2000 and has the potential
for continued expansion in the export market.

Bamboo is very susceptible to biological deterioration, specifically by Dinoderus
minutus. Dinoderus minutus attack can degrade the quality of bamboo raw materials and
finished products. The industry relies on the application of wood preservatives to control

beetle attack. Chemicals are usually applied by dipping or spraying right after cutting.

Supplemental applications are made before or after processing. Chemical usage is
expected to grow as bamboo demand increases.

This project sought to develop a better understanding of the life-cycle and
environmental requirements of D. minutus and to use this data to improve control
strategies using an integrated pest management approach. The goal was to reduce the

impact of post-harvest beetle attack and minimize, if not eliminate, insecticide
application. Dinoderus minutus undergoes complete metamorphosis from egg to adult
with an average period for development of 53.6, 57.2 and 63.5 days at 30, 28 and 25 °C,
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respectively. Development of egg to larva, larva to pupa and pupa to adult emergence

were all slowed at lower temperatures. Thermal constants and thermal requirements
varied for the different life stages of D. minutus development. The thermal constant from

egg to adult emergence was 6.4 and required heat energy of 1,111 degree-days. The
beetles completed their life cycle inside the culm and did not migrate as long as food was
still available in the substrate.

The main entry points for the beetle into the culm were the transverse cut ends,
the cut nodal side branches and areas with physical damage on the culm. The presence of

the waxy layer and silica content on the epidermal layer of the stem prevented beetle
attack at other points along the culm. Eighty to 100 beetles caused 50% damage in one
week and disintegrated bamboo substrate into a powdery material in two weeks.

Beetle attack was elicited by aromatic compounds released by cut culms and
females laid an average of 9 eggs/day in cut vessels.

The entomopathogenic fungi M anisopliae and B. bassiana caused 30% adult
mortality, while 80% predation of the eggs occurred by an unknown mite species. This
suggested some potential for the use of these organisms to limit D. minutus populations,
but further studies under field conditions are recommended.

Dinoderus minutus adults were capable of carrying numerous fungi including
surface molds

(Aspergillus, Penicillium

and Trichoderma) and staining fungi

(Aureobasidium pullulans and Curvularia sp.) in bamboo. The role of these fungi in
bamboo deterioration merits further study.

Beetle populations can be monitored using shelter traps baited with B. vulgaris.
The population dynamics was closely correlated with temperature and percent bamboo
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starch content, but there also appeared to be weaker relationships between population and

relative humidity or percent moisture content of bamboo. Peak beetle occurrence was
noted during the summer months, while the population was present at low levels during
the rainy months.

The results from these studies suggest that there is considerable potential for
managing bamboo to limit powder-post beetle attack and the damage these insects cause.

However, before this can be done, considerable additional information will be needed to
develop an integrated strategy for managing this pest including:

Information on the developmental period of D. minutus on other bamboo
species.

Studies to quantif' starch content seasonally on other bamboo species.
Field tests to better correlate beetle populations with climate at other test sites.

Field tests to assess the efficacy of entomopathogenic fungi against D.
minutus.

Field assessment of mite efficacy along with the development of a better
understanding of the life cycle of these organisms.

Assessment of alternative insecticides and improve delivery systems better
timed to beetle risk.

The continued development of data on the life cycle of

D.

minutus and the

potential control agents should help rural landowners and bamboo processors obtain more

value from their products, improving the local economy and potentially reducing
dependence on pesticides for protecting bamboo.
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Appendix Form 4.1. Purchaser survey form for determining the cost of bamboo.
1. NAME (Pangalan):
2. AGE (Edad)
ADDRESS (Tirahan):
YEARS iN BAMBOO iNDUSTRY/USING BAMBOO
(hang taon na sa industriya o sa paggamit ng kawayan):
a) < 5 years (Walang 5 taon)
c)> 10 years (Mahigit 10 taon)
b) 5 to 10 years (5 hanggang 10 taon)
USAGE OF BAMBOO (Pinaggagamitan ng kawayan)
BAMBOO SPECIES BEING USED/BOUGHT (Un ng kawayan na ginagamit/binibili):
a) B. vulgaris (Kawayan-kiling)
d) D. asper (Giant bamboo)
b) B. blumeana (Kawayan.-tinik)
e) D. merillianus (Bayog)
c) B. levis (Botong)
1) Other sp. (Iba pang kiase)
AGE OF BAMBOO (Edad ng kawayan na ginagamit/binibili):
a) I - 2 Yrs.
c) >3 Years
b) 3 Yrs. (3 taon)
VOLUME/QUANTITY OF BAMBOO BEING USED/BOUGHT YEARLY (Dami ng
kawayan na ginagamit o binibili taun-taon):
a) 500 (500 piraso)
b) 1,000 (1,000 piraso) _c) >1,000 (mahigit 1,000 piraso)
SEASON OF PURCHASING BAMBOO (Panahon ng pagbili ng kawayan):
a) Wet (Tag-ulan)
b) Dry (Tag-mit)
FREQUENCY OF USING/BUYING BAMBOO (Limit ng paggamit/pamimili):
a) As needed (kung kinakailangan)
d) Semi-annual (Kalahating-taon)
b) Monthly (Buwanan)
e) Annually (Taunan)
c) Quarterly (Makatlong buwan)
DURATION OF FELLED BAMBOO iN THE PLANTATION AREA (Panahon na
itinatagal ng mga pinutol na kawayan sa plantasyon):
a) < a week (hindi hihigit ng 1 linggo)
c) 3 weeks (3 linggo)
b) 2 weeks (2 linggo)
d) 4 weeks (4 linggo)
STORAGE TIME OF CUT BAMBOO PRIOR TO UTILIZATION (Panahon sa
pagkakaimbak ng mga pinutol na kawayan bago gamitin):
a) 1 week (1 linggo)
c) 3 weeks (3 linggo)
b) 2 weeks (2 linggo)
d) 4 weeks (4 linggo)
COST PER CULM (Presyo ng bawat kawayan):
POST-HARVEST PEST OF BAMBOO (Mga peste ng pinutol na kawayan):
a) Fungi (Amag/Mantsa)
c) Termites (Anay)
b) Decay (Pagkabulok)
d) Powder-post beetles (Bukbok)
CONTROL MEASURES BEING USED AGAINST POST-HARVEST PESTS OF
BAMBOO (Pamamaraan na ginagamit para masugpo ang mga peste):
a) None (Wala)
c) Traditional (Tradisyonal)
b) Chemical (Kemikal)
d) Others (Ibang pamamaraan)
ASSUMING BAMBOO IS FOR SALE WITH THE FOLLOWING AVERAGE DEGREE
OF BEETLE ATTACK, HOW MUCH WILL YOU PAY FOR IT (Halimbawa may kawayan na
ipinagbibili at mayroong atake ng mga bukbok, magkano mo ito bibilhin')
With 5% beetle attack (May 5% atake ng bukbok)
P
With 10% beetle attack (May 10% atake ng bukbok)
P
With 25% beetle attack (May 25% atake rig bukbok)
P
With 50% beetle attack (May 50% atake ng bukbok)
P
With 100% beetle attack (May 100% atake rig bukbok
P
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Appendix Fig. 4.1. Schematic diagram of butt cut ends of bamboo cuims showing
various degree of beetle attack.

