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Abstract

Studies were carried out to investigate the factors affecting the
wood borer's attack and its relationship with wooden trees. Physical
structure of the wood, mode of attack and feeding habits were also
studied. Chemical component of wood in relation to biological activity
was considered.

The results showed that the four tested borers prefere wood
characterized by a thin layer of bark and large paranchymal cells. Data
indicated that B. reichei, D. bifoveolatus, E. obtusedentatus and L.
africanus prefer hosts containing large quintities of starch, free amino
acids, crude fibers and carbohydrates.

INTRODUCTION

Because of the serious role of wood borers attacking wooden trees, several
investigations have been carried out to study their biology, ecology and control.

Chamberlin (1960) stated that wood borers are influenced by moisture
content and texture of bark. Taher (1966) mentioned that high inflestation of peach
trees by different scolytids were attributed to its large size and thin bark. Helal
(1969) proved that the rate of infestation by Sinoxylon sudanicum (Bostrychidae) to
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Poinciana wood was negatively correlated with crude fibers but positively related to
ash, protein and carbohydrates. Wigglessworth (1972) mentioned three types of
wood borer's feeding : 1) larvae able to feed on cell content and perhaps part of
polysaccharides intermidiate between starch and the hemicelluloses, i. e. Lyctidae
and Bostrychidae. 2) Larvae using the cell contents and the carbohydrates of the cell
wall as far as the hemicelluloses, i. e. Scolytidae. 3) Larvae able to use all the
carbohydrates of the cell wall including cellulose, i. e. Anobiidae and most

Cerambycidae.

Abdallah (1978) reported that 31% moisture content is enough for olive tree
infestation by Scolytus amygdali (Scolytidae). Helal and El-Sebay (1980) determined
the optimum moisture content of eucalyptus wood (45-37%) for infestation by
Phoracantha semipunctata and the effect of the host on the biological activity of
borer. Helal (1982), Helal and El-Sebay (1985) and Helal et al. (1986) studied the
relationship between the chemical components of Poinciana wood and the rate of
infestation by L. africanus all over the year. The same authors studied the effect of
different hosts on the biological activity of Bostrychopsis reichei, Dinoderus
bifoveolatus and Ennaedesmus obtusedentatus beetles.

The aim of the present study is to study the relationship between wood borers
and wooden trees. The investigation included physical structure of wooden trees and
chemical components in relation to the biological activity of the borers;
Ennaedesmus obtusedentatus, Bostrychopsis reichei, Dinoderus bifoveolatus
(Bostrychidae) and Lyctus africanus (Lyctidae).

MATERIALS AND METHODS

The present work was carried out at the Wood-Boring Insects Dept., Plant
Protection Research Institute, during 1989-1992.

To study the physical structure of wood, 15 wooden trees and shrubs were
chosen as common and widely distributed in Egypt. These were : Acacia arabica
(acacia), Bambosa arundinacea (bamboo), Casuarina equistifolia (casuarina), Casia
nedosa (cacia), Dalbergia sisso (sisso), Delonix regia (royal poinciana), Eucalyptus
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rostrata (eucalyptus), Eugina jambolana (bamboosa), Morus alba (mulberry),
Populus Nivea (poplar), Ricinus communis (caster oil), Salix babylonica (weeping
willow), Schinus molle (schinus), Sesbania aculata (sesban), and Tamarix articulata
(athel).

Two years old branches of the forementioned hosts were taken, and proper
cross sections were made in each host and examined microscopically to study the
different layers and sort of cells width of each layer and cells density per
millimeter in addition to cell diameter.

Chemical components of 15 hosts in addition to cotton stalks had been
determined. Cuttings from each host were prepared and each was divided into three
layers i. e. bark, sapwood, and heart wood (Fig. 1).

Each layer was finely ground using a grinding machine and analysis was
carried out as follows :

Determination of moisture content, dry matter, ash, crude fibers, and phenols
was carried out by applying the methods of A. 0. A. C. (1959). Cellulose and legnine
were determined according to Allain's method (1924). Total carbohydrates was
determined according to the modified Harding method described by King and Wootton
(1959). Determination of fats was carried out following the method described by
Joseph et al. (1972). Total protein and amino acids were determined using Somogi
methods described by Offord (1969) and Georg and Lederer (1974).

sapwood

Heartwood

Fig. 1. The three main layers of wood.
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In order to study the effect of the different hosts on the biological activity of
borers, ten cuttings from each host were prepared and placed separately in glass
jars for each borer. Ten males and ten females from the laboratory culture of
Bostrychopsis reichei, Dinoderus bifoveolatus, Ennaedesmus obtusedentatus and
Lyctus africanus, were released in each jar. Daily observations were carried out to
determine adult longevity, length period of emergence, number of emerged beetles
(progeny/female), and duration of generation.

RESULTS AND DISCUSSION
Physical structure of host plants

Diagrams of 15 wooden hosts are illustrated in (Fig. 2) showing the different
cells of each layer in cross section.

Microscopic examination clarified the epidermis, periderm, sapwood and
heartwood layers, their width, and sort of cells.

Table 1 showed that the widest bark layer was found in A. arabica and E.
rostrata (28 u), while the thinner was in R. communis (4 u) followed by M. alba and
S. aculata (5 and 6 u, respectively). On the other hand, phleom, cambium and
paranchyma cells varied in width. The wider layer was found in D. sisso and M. alba
(126 u), while the thinner was in B. arundinacea (9 u).

Diameter of xylem vessels was wider in D. sisso (31 u), while thinner in T.
articulata (1 u).

Regarding the cells density per millimeter square, 7. articulata contained 200
cells/mm2, and 13/mm?2 in B. arundinacea.

Chemical components of host plants

Data in Table 2 show the chemical components of the analized 16 host plants.
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Table 1. Measurements of different zones of 16 wooden hosts.
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Epiderm Cortex Sapwood | Heartwood No. of

and width fibers fibers | fibers/

Host peni(ri‘erm in in in mm?

micron micron micron micron
A. arabica 28 12 13 8 17
B. arundinacea 18 9 8 7 13
C. equistifolia 21 91 6 3 80
C. nedosa 25 14 25 14 20
D. sisso 14 126 31 11 25
D. regia 8 77 22 15 14
E. rostrata 28 49 6 6 54
E. jambolana 14 13 11 4 58
Gossypium spp. - - - - -

M. alba 5 126 7 4 40
P. nevea 9 59 4 4 70
R. communis 4 98 8 6 20
S. babylonica 10 112 7 4 95
S. molle 14 91 4 2 50
S. aculata 6 91 1 6 16
T. articulata 14 70 2 1 200
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Fig. 2-b. A diagram of examined cross sections of 15 wooden hosts.
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The largest content of dry matter was found in the bark of 7. articulata
(92.2%), while the lowest was in the bark of R. communis (87.6%).

The largest amount of ash was found in the bark of R. communis (13.4%),
while the least was found in the heartwood of E. rostrata, D. sisso and S. molle
(0.2%).

The crude fibers were concentrated in the bark of cotton stalks (20.3%). The
least content was in the heartwood of S. babylonica (3.2%).

The largest quantity of legnine was localized in the heart wood of Casuarina
(38.9%), while the bark of B. arundinacea had the least content (2.1%).

Sapwood of caster oil plant had the largest quantity of cellulose (39.5%),
while the bark of M. alba had the least content (10.3%).

Eucalyptus wood contained the largest amount of fats (11.9%) in the sapwood
layer, while the lowest fat was found in cotton stalks bark (0.5%).

Phenols were found concentrated in the bark of E. jambolana (3.6%), while the
wood of T. articulata contained the least amount (0.2%).

Poinciana had the largest amount of starch (16.9%), while the heartwood of
M.alba had the least content (0.9%).

Heartwood of poplar had the largest amount of protein (11.4%), while the
heartwood of salix contained the least (3.4%).

Poinciana had the largest quantity of free amino acids (1.3%), while in 7.
articulate it reached 0.001%.

The largest percent of total carbohydrates was found in cotton stalks (46%),
and the least amount was found in bamboo (28.5%).
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Effect of host on the biological activity of the four borers

Data in Table 3 show the effect of host on the biological activity of the four
borers.

The longest longevity of E. obtusedentatus beetles was 18.5 + 0.8 days on R.
communis, which has a thin bark layer (4 u) with wooden vessels found in bundles
alternated by the phleom and cambium. The higher progeny/female (24 individuals)
and the lowest duration of generation (30 days) occured on that host.

D. bifoveolatus beetles attack the large parenchymal cells that existed in D.
regia (77 u). The bark of B. arundinaces (18 u) gave a higher progeny on B.
arundinaces (26 individuals / female) and the shortest duration of generation was
achieved on D. regia (73 days).

B. reichei gave a satisfactory progeny on D. regia (11.8 individuals/female),
followed by D. sisso (11 individuals/female). The shortest duration of generation
(91 days) was found on Gossypium.

L. africanus beetles, gave higher progeny (40 individuals/female) on D. regia
which is chracterized by a large paranchymal cells in the sapwood region and no
infestation occured in the heartwood region where the cells are very condensed.

Chemical components relationship

Data in Tables 2 and 3 show the chemical components of the different hosts
and their effect on the biological activity of the tested borers.

The longest longevity of B. reichei adults lasted 17.0 + 1.3 days. The higher
progeny (19.4 + 1.1 / female), and the shortest duration of generation (19.2 * 0.5)
were observed on cotton stalks which contain high contents of crude fibers,
carbohydrates, and the lowest content of fats.

The longest longevity of D. bifoveolatus adults was found on bamboo and
poinciana (29 days). The higher progeny/female was 26 and 20, respectively, and
the shortest duration of generation was 73 and 83 days, respectively.
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Bamboo showed the lowest amount of lignin and carbohydrates, while
Poinciana had the largest contents of starch and free amino acids. These components
were belived to be favourable to this beetles for attacking the two hosts.

Adult beetles of E. obtusedentatus survived longer on Poinciana (26 days)
which contains the largest amounts of starch and free amino acids. When reared on
cotton stalks, the beetles produced a large progeny (49 individuals/female) and the
duration of generation lasted 28 days.

From the forementioned findings it could be concluded that the essential food
requirements of E. obtusedentatus are sufficient crude fiber, starch, free amino
acids and carbohydrates which exist in cotton stalks.

L. africanus beetles lived longer on Poinciana (25 days), showing a higher
progeny (40 individuals/female) and the shortest generation duration which lasted
34 days.

The uninfested hosts by the four borers (casuarina, bambosia, poplar, willow,
schinus, sessban and athl) were characterized by higher quantities of dry matter,
legnin, fats and phenols, whereas they contained lower quantities of ash, crude
fibers, cellulose, starch, free amino acids and carbohydrates.

General Discussion

From the previous data it could be seen that the wood borers' behaviour in
attracking wooden trees depends on certain factors : mode of entry and attack of
wood, and the preferable layer of wood (Fig. 3).

Borers attacking healthy trees, need thin layer of bark and wide zone of
sapwood containing paranchymal cells, such as Buprestides Scolytids, Cerambycids
and Curculionoids. Some of the Cerambycids go through heartwood zone (Chamberlin
1960).

Chemically, the susceptible tree should not contain much phenols in the bark
due to its repellant effect. (Chapman and Bernays 1977). Sapwood has enough
quantity of total carbohyrates, cellulose, fats, protein and amino acids. The stored
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nutrients in sapwood, controls borer's duration and progeny to survive in.
Eucalyptus borer Phoracantha semipunctata needs 3 months to complete one
generation due to its boring behaviour into the enrished layer (phloem + cambium)
(Helal and El-Sebay 1980b). While the other cerambycid borer suchc as Macrotoma
palmata needs from 3-7 years to complete one generation since it survives in the
heartwood where less nutrients are available (Mostafa 1976). On the other hand,
borers such as Scolytus amygdali produced 5 generations per year due to its
feeding on the enrished layer under bark (Abdallah 1984).

However, there are certain chemical substances in the trees which give rise
to new substances resulting from the reaction between the borers and the trees. In
the bark of hickory tree, "juglone”, the substance (5-hydroxy-1, 4 naphthoquinone)
is responsible for the attraction of Scolytus quadrispinosus which attacks hickory,
but it is considered as a deterrent for Scolytus multistiatus beetles. Scolytid beetles
of Dendroctomus brevicornis, feeds on bark of Pinus pondrosa and produces a
pheromone (frontaline) through its frasses which attracts all the other males and
females in order to attack the same tree (aggregation pheromone) (Wigglesworth,
1972).

Physical structure is not only just the sort or the size of cells but also certain
chemicals occur in these cells. Monophagous borers seek a specific substance in the
tree, such as eucalyptus borer which attacks the trees in a certain time of the year
during the flowering period (March and October), where an attractive substance is
released from the flowers (El-Sebay 1978). In olives, the bark beetle P.
scarabaeoides attacks only olive trees, while in polyphagous borers, such as M.
‘palmata or S. amygdali, they need hosts with a similar texture of bark and sapwood
in order to obtain their food requirements (Taher, 1966).

On the other hand, some borers attack wood with no bark (seasoned wood)
such as lyctids, bostrychids, and some of cerambycids. Those borers attack
sapwood region depending on the kind and size of cells, in addition to the chemical
components inside the cells like starch, carbohydrates, protein and amino acids; or
they might need cells that fit egg deposition as in bostrychids.

Subterranean termites usually attack any cellulose material whether dead or
alive. Its attacking behaviour is mainly on the surfaces to aviod the sapstream of
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alive trees. Dry wood termites survive and feed inside the wood just like anobiids
by the aid of certain microorganisms which occur inside the insects (Chapman,
1977).

Other borers are controlled by moisture content of wood; some attack healthy
trees containing 55 - 45 % moisture content like M. palmata and Zeuzera pyrina,
whereas other attack trees containing 35 - 25 % moisture content (eucalyptus
borer and shot hole borer). Some attack seasoned wood containing 15-10% moisture
content (B. reichei, E. obtusedentatus, L. africanus and Stromatum falvum) while
some others attack old decayed wood such as anobiids.
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