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Semanotus japonicus (Coleoptera: Cerambycidae) Conducted in
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Summary: The secondary screening test, in which trees were inoculated with newly-hatched Semanotus
Japonicus larvae, was conducted for 3 years on 15 candidate Cryptomeria japonica clones that were selected
from the Kanto Breeding Region by the primary screening test for the resistance to S. japonicus. Two C.
Japonica varieties, Bokasugi and Kumotoshi, that are resistant and susceptible to .S. japonicus, respectively,
were also tested as controls. Every year, 30 or 60 larvae were inoculated to each clone (3 or 6 ramets) in the
spring and the inoculation sites were debarked in the autumn to observe the condition of larvae. More than 10
larvae entered the bark in almost all the clones for 3 years. In the first year, the index of susceptibility (the
proportion of larvae that survived to the adult stage to the number of larvae entering bark) was significantly
higher in 5 clones than in Bokasugi. Two or more S. japonicus adults emerged from 2 other clones. Therefore,
these 7 clones were considered to be non-resistant and eliminated from further test. In the second year, the
index of susceptibility was not significantly higher in the 8 remaining clones than in Bokasugi. In the third
year, however, the index of susceptibility was significantly higher in one clone than in Bokasugi. Three

candidate clones consistently showed 0% in the proportion of emerging adults for 3 years and were confirmed
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resistant to .S. japonicus

1. Introduction

Cryptomeria japonica (L.f) D. Don. has been
planted for timber production extensively in Japan
and it covers more than 4 million ha (Forest agency
1993). Extensive plantations of a single species are
often subject to insect damage, and many C. japonica
stands suffer insect infestations (Kobayashi and
Taketani 1994). Semanotus japonicus Lacordaire is
one of the most important insect pests of C. japonica
because their larvae enter and damage the wood

(Kobayashi 1982).

8. japonicus larvae enter the bark and feed on the
phloem and adjacent wood (Kobayashi 1985). During
the feeding period, larvae are frequently killed by a
host resistance response, oleoresin exudation from
traumatic resin canals (Fujishita et al. 1968;
Hagiwara and Ogawa 1970; Okuda 1982; Shibata
1987). The larval mortality from the host resistance
differs among C. japonica varieties (Kishi et al. 1973;
Kawarai and Kitazawa 1974; Okada 1980). This
suggests the possibility of selecting trees highly

resistant to S. japonicus.
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Under the leadership of the Forestry Agency Japan,
a project to select C. japonica resistant to S. japonicus
began in 1985. The selection procedure consisted of
the following four steps (Kato and Taniguchi 2003):
surveys of heavily infested stands for candidate
individuals, pin prick test, adult release test (primary
screening test) and larval inoculation test (secondary
screening test). As a result of the pin prick test, a total
of 222 individual trees were selected as candidates in
Kanto Breeding Region. The adult release test was
applied to 200 of these trees from 1990 through 2000,
showing that 21 clones were little damaged by S.
Jjaponicus larvae (Kato and Taniguchi 2003).

The final step, larval inoculation test, in which each
tree is inoculated with newly- hatched S. japonicus
larvae, is a more rigorous test for the detection of
resistance than the first screening test because in the
former test considerable number of larvae certainly
enter and begin to feed on the bark. The larval
inoculation test has been conducted for 3 years in the
Forest Tree Breeding Center. Here, we summarize the

results of the test.

2. Material and Methods
2.1 Study area

The secondary screening test was carried out in the
experimental forests at the Forest Tree Breeding
Center in Ibaraki Prefecture (50 m a.s.l.), east Japan
(36° 20N, 140° 27'E) from 2001 to 2003. The mean
annual temperature and precipitation from 1994 to

2000 were 14.0C and 1404 mm, respectively.

2.2 Test trees
15 of the 21 candidate clones that had 3 or more
ramets available for the test and two varieties,

Bokasugi and Kumotoshi, were tested. Bokasugi is

MAFHE L >~ & —PHAERE

g2 5

highly resistant to S. japonicus and Kumotoshi is
susceptible (Kato and Taniguchi 2003). Three or 6
ramets were used for the screening test. All the ramet
trees were propagated by cutting and planted in 1993.
Mean diameter at breast height in each clone in

spring 2001 is shown in Table 1.

Table 1. Mean DBH (cm=*=SD) in
each clone in spring 2001

No. of test

Clones ramets DBH

Chiba 19 3 7.1x1.0
Chiba 15 3 8030
Ibaraki 39 3 11.6x3.6
Ibaraki 29 3 9114
Kasama mashiko 10 6 6.8+09
Aichi 20-5 3 10414
Chiba 1 3 8014
Ibaraki 2 3 11.0%+22
Shirakawa sumito 2 3 4717
Gifu 1 3 11.4x0.7
Ibaraki 27 3 10211
Ibaraki 38 3 12727
Ibaraki 22 3 89120
Ibaraki 24 3 83+24
Ibaraki 35 3 10105
Bokasugi 3 10.1£1.8
Kumotoshi 3 10.9+0.3

2.3 Inoculation of larvae and screening method

The survivorship of S. japonicus larvae depends not
only on the resistance of trees but also on the larval
vigor and environmental conditions such as
temperature and precipitation (Kobayashi 1982; Kato
et al. 2000). Therefore, the resistance of each clone to
S. japonicus was tested for 3 years. Before beginning
the test in each year, each candidate clone was
inspected for the presence of damage arising from
natural oviposition by S. japonicus. When 2 or more
exit holes of S. japonicus were found, the clone was
eliminated from further test.

Between mid-March and mid-April of each year, to

obtain S. japonicus eggs newly emerged adults were

collected from infested trees by the band-trapping
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method (Shibata 1983) in the experimental forest or
in Omi seed orchard located 60 km southwest of Juo
Town. Small female adults were not collected because
larval survivorship of the progeny of small females is
lower than that of large females (Kato et al. 2000).
After a short storage at 5°C in a refrigerator, adults
were reared under laboratory condition. Each adult
female was placed in a plastic container (diameter: 9
cm, height: 2 cm) in which a small piece of C. japonica
bark was placed on a filter paper moistened with
water. An adult male was added into each container
for mating. After the females began to lay eggs, the
males were removed and the eggs were collected.
Immediately after hatching, the larvae were
inoculated onto the bark of the trees by using
inoculation papers that were 2X 2 cm in size and had
holes 0.5 cm in diameter in the center (Kawamura et
al. 1982). Each tree was inoculated with 10 larvae on
5 inoculation sites (2 larvae per site). The inoculation
sites in a tree were separated from each other

vertically at least 30 cm because overcrowding of

larvae would reduce their survivorship (Ito 2000).

— 69—
In autumn of each year, the inoculation sites were
debarked to observe the condition of larvae. The
larvae were divided into three categories: died in the
bark, died in the wood and developed to adults. When
larvae were dead in the wood and the length of their
feeding galleries in the wood was less than 5cm, new
phloem tissue healed the galleries and no damage was
left (Kato personal observation). Therefore, we
considered these cases to be no damage to the trees.
From these data, proportions of larvae that entered
the bark, larvae that entered the wood, larvae that
damaged the wood and larvae that developed to the
adult stage were calculated in each clone. The
definition of each proportion was shown in Tables 2
and 3. The proportion of larvae that developed to the
adult stage was used as an index of susceptibility
because this proportion was closely related to
deterioration of wood quality. If the index was
significantly higher than that in Bokasugi (one-sided
x2-test), those clones were eliminated from further

test. All proportional data were analyzed statistically

after the original data were arcsine-transformed.

Table2.  Proportion (%) of larvae entering bark and larvae entering wood in each clone in each year or in total
Clones 2001 2002 2003 Total
Bark Wood Bark Wood Bark Wood Bark Wood

Chiba19 50.0 (15) 33.3 (5) 66.7(20) 0 (0) 233(7) 0 (0 46.7 (42) 11.1(5)
Chiba1b 433 (13) 154(2) 60.0 (18) 11.1(2) 53.3(16) 6.3 (1) 52.2 (47) 109 (5)
Ibaraki39 733(22) 45(1) 500(15) 0 (0) 46.7 (14) 0 (0) 56.7 (51) 15(1)
Ibaraki29 533 (16) 6.3 (1) 533(16) 0 (0) 56.7(17) 11.8(2) 54.4(49) 6.0(3)
Kasama mashiko 10 53.3 (16) 37.5 (6) 53.3 (32)* 250 (8) 433 (13) 53.8(7) 50.0 (61) 38.7 (21)
Aichi 20-5 36.7 (11) 36.3(4) 60.0 (18) 16.7 (3) 133(4) 0 (0 36.7(33) 17.7(7)
Chiba 1 33.3(10) 4004 56.7(17) 235 (4) 46.7 (14) 428 (6) 456 (41) 35.4(14)
Ibaraki 2 433(13) 77 50.0 (15) 26.7 (4) 400 (12) 25.0(3) 444 (40) 19.8(8)
Shirakawa sumito 2 53.3 (16) 18.8 (3) 53.3(16) 18.8(3)
Gifu 1 400(12) 250(3) 400(12) 250(3)
Ibaraki 27 400 (12) 41.7 (5) 400(12) 41.7(5)
Ibaraki 38 50.0 (15) 20.0 (3) 50.0 (15) 20.0(3)
Ibaraki 22 50.0 (15) 53.3(8) 50.0 (15) 53.3(8)
Ibaraki 24 63.3(19) 263 (5) 63.3 (19) 26.3(5)
Ibaraki 35 73.3(22) 0 (0) 733(22) 0 (0O
Bokasugi 66.7 (20) 10.0 (2) 60.0 (18) 11.1(2) 66.7(20) 0 (0) 64.5(58) 74(4)
Kumotoshi 40.0 (12) 33.3 (4) 50.0 (15) 20.0 (3) 40.0 (12) 16.7 (2) 43.3(39) 23.3(9)

* . inoculated with 60 farvae:

()

, Number of larvae
Proportion of larvae entering bark: (number of larvae entering bark/ number of larvae inoculated) x 100
Proportion of larvae entering wood: (number of larvae entering wood/ number of larvae entering bark) X 100
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Table 3. Proportion (%) of damage of wood and emwerging adults in each clone in each year or in total
Clones 2001 2002 2003 Total

Damage ¢ 2 Adults y e 2 Damage ¥ 2 Adults X 2 Damage ¢ 2 Adults X 2 Damage Adults
Chibal9 47(1) 14 0 (0 - 0 (0 - 0 (0) - ()] - 0 O - 16(1) 0 (0
Chibal5 77(1) 16 (0] - (V0] - 0 (0 0 @ - 0 O - 26(1) 0 (0
Ibaraki39 45 (1) 09 0 O - ()] - 0 O - 0 - [J()} - 15(1) 0 (O
Ibaraki29 6.3(1) 1.3 0 O - 0 O - 0 (0 - 59 (1) 1.2 59 (1) 12 121(2) 20
Kasama mashiko 10 125 (2) 27 0 O - 63(2 00 31(1) 06 7.7(1) 15 0 (0 - 84(5) 1001
Aichi 20-5 0 (O - 0 (0 16.7 (3) 1.1 5.6 (1) 10 0 (O - 0 O - 58(3) 29(1
Chiba 1 10.0 (1) 21 100 (1) 21 5.8(1) 00 0 O - 71D 14 0 (0) - 76 (3 33(1)
Ibaraki 2 (0] - 0 O - 133 (2 0.6 6.7 (1) 12 16.7 (2) 34" 167(2 34% 100 7.8 (1)
Shirakawa sumito 2 18.8 (3) 41™ 188(3) 41 188(3) 188(3)
Gifu 1 16.7 (2) 377 167(2 37" 167(2) 16.7(2)
Tbaraki 27 417 (5) 99™ 417 (5) 99 ™ 417(5) 41.7(5)
Ibaraki 38 200 (3) 44™ 2000 44™ 200(3) 200 (0)
lbaraki 22 467(7)  11.7™ 400(6) 97™ 46.7(7) 400 (6)
Ibaraki 24 53 (1) 11 53 (1) 11 53(1) 53(1)
Ibaraki 35 0 © 0 0O - 0 (0 o0 (@
Bokasugi 0 O 0 @ 5.6 (1) 0 (0) 0 (0 0 (0) 191 0 (O
Kumotoshi 16.7(2) 16.7 (2) 6.7 (1) 0 @ FARC)) 710 1024 793
Y POt ", P <005 ™, P00

Proportion of damage of wood: (number of larvae entering wood but dead before feeding wood less than 5 cm/ number of larvae ertering bark) X 100
Proportion of emerging adults: (number of emerging adults/ number of larvae entering bark) X 100

3. Results

In 2001, the proportion of larvae entering bark in
each candidate clone is over 30%; more than 10 larvae
entered the bark (Table 2). However, the proportion of
larvae entering wood considerably decreased and
showed 0% in one clone (Ibaraki 29). The proportion of
damage to wood and emerging adults further
decreased and showed 0% in 3 and 7 candidate clones,
respectively (Table 3). The proportion of emerging
adults was 0% in Bokasugi while that was more than
10% in Kumotoshi, suggesting that these two
varieties showed significantly different resistance to S.
japonicus (one-sided x2-test, y2 = 3.7, respectively,
P<0.10).

In 5 candidate clones (Shirakawa sumito 2, Gifu 1,
Ibaraki 27, Ibaraki 38 and Ibaraki 22), the proportion
of emerging adults was significantly higher than that
in Bokasugi (one-sided z2-test, P < 0.10). In other 2
clones (Ibaraki 24 and Ibaraki 35), although the
proportion was not significantly higher than in
Bokasugi (one-sided x 2-test, P > 0.10), naturally
emerging holes by S. japonicus adults, each 4 and 9

numbers respectively, were found in mid-April 2002.

Therefore, we regarded these 7 clones as low resistant

trees and eliminated them from the further test.

In 2002, in each of the 8 remaining candidate clones,
more than 10 larvae entered the bark. Three clones
(Chiba 19, Ibaraki 39 and Ibaraki 29) showed 0% in
the proportion of larvae entering wood. No candidate
clones showed significantly higher proportion of
emerging adults than Bokasugi (one-sided z2-test, P
< 0.10). Kumotoshi also showed 0% in the proportion
of emerging adults.

In 2003, less than 10 larvae entered the bark in 2
candidate clones (Chiba 19 and Aichi 20-5). Three
clones (Chiba 19, Ibaraki 39 and Aichi 20-5) showed
0% in the proportion of larvae entering wood; 2 clones
of them showed 0% in the proportion of emerging
adults in 2002 as well. One clone (Ibaraki 2) showed
significantly higher proportion of emerging adults
than Bokasugi (one-sided x2-test, P< 0.10).

All the candidate clones and Bokasugi did not
consistently show 0% in the proportion of damage to
wood for 3 years. On the other hand, 3 candidate
clones (Chiba 19, Chiba 15 and Ibaraki 39) and
Bokasugi consistently showed 0% in the proportion of
emerging adults for 3 years.

There correlations in the

were significant
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relationships between the proportion of larvae
entering wood and damage to wood and between the

proportion of damage to wood and emerging adults for

all years (P < 0.05) (Table 4). However, significant

correlation was not observed between the proportion

of larvae entering wood and emerging adults for 2003.

Table 4. Correlations among the proportion of larvae entering wood (PL), damage of wood (F
emerging adults (PE) in each clone in each year

Year
Proportior 2001 2002 2003
PL PD PL PD PL PD
PD 0.65™ 0.70"™ 0.65"™
PE 0.60™ 096" 0.57" 0.85™ 0.15 0.84™
* P<010: T, P<005

4. Discussion

To determine the precise resistance levels of 15 C.
Japonica clones against S. japonicus, we conducted the
secondary screening test for three years. When the
number of larvae entering the bark is low, their
survivorship is more influenced by their vigor or
environmental factors than by the resistance level of
host trees (Kobayashi 1982; Kato et al. 2000). On
those clones, since the number of larvae entering bark
was low (less than 10) in the primary screening test
(Kato and Taniguchi 2003), resistance level of the
clones may not be tested precisely. On the other hand,
in the secondary screening test, more than 10 larvae
entered bark so that the true resistant level of the
clones can be detected.

As a result of the 2001 test, 5 clones were

eliminated from the further test because the
proportions of emerging adults in these clones were
significantly higher than those in the resistant control
variety, Bokasugi (Table 3). In the 8 remaining
candidate clones except for Ibaraki24 and Ibaraki 35,
although the proportion of entering wood varied
among years (Table 2), the proportion of emerging
adults was consistently less than 17% (Table 3).

Although the larval condition was poorer in 2002 than

in other years, as suggested by 0% proportion of
emerging adults even on Kumotoshi in 2002, the
resistance of 8 remaining clones is generally regarded
to be high. However, if feeding conditions become
favorable or larval vigor is more superior, some clones
may permit the entering of larvae in the wood and
sometimes permit adult emergence like Ibaraki 29,
Kasama mashiko 10, Aichi 20-5, Chiba 1 and Ibaraki
2 clones. Thus, the resistance of these 5 clones is
lower than other 3 clones (Chiba 19, Chiba 15 and
Ibaraki 39).

Even in the highly resistant 3 clones and Bokasugi,
the proportion of larvae entering wood could be high
(Table 2). No correlation was observed between the
proportion of larvae entering wood and emerging
adults in 2003 (Table 4). These results suggest that
the resistance of C. japonica trees to S. japonicus is
not related to whether S. japonicus can enter wood or
not. Arihara and Kawakami (1998) reported that the
thickness of the inner bark in C. japonica is an
important resistant factor against S. japonicus. In the
present test, the thickness of the inner bark of
candidate clones was probably thin because they were
young and small (Table 1) (Arihara 2001), suggesting

that S. japonicuslarvae could easily enter wood on the



trees.

Highly resistant C. japonica trees have the high

ability to form traumatic resin canals (Kanazashi et al.

1987; Kato 2003). Larvae are hard to feed in highly
resistant trees because of the oleoresin exuded from
the traumatic resin canals. Thus, the proportion of
damage to wood decreased greatly and the proportion
of emerging adults was consistently 0 % on the 3
resistant clones and Bokasugi (Table 3). When the
resistant clones are planted in the field, the trees
would not suffer from infestations by S. japonicus

because new adults do not emerge on the trees.

References

Arihara, T. 2001. Forest protection against eruptive
pests! mechanisms of damage by Semanotus
Jjaponicus Lacordaire (Coleoptera: Cerambycidae).
Bull. Fukushima Pref. For. Res. Ctr. 34: 100-121.
(in Japanese)

Arihara, T and T. Kawakami. 1998. Studies on

breeding of Cryptomeria japonica resistant to

Semanotus japonicus Lacordaire (Coleoptera:

Cerambycidae) (IV). Diameter increment, inner

bark thickness and damage in the Cryptomeria

jJaponica clones with different resistance to
Semanotus japonicus. For. Tree Breed. Special
issue 26-29. (in Japanese)

Forest Agency. 1993. Annually piling statistical book
for forestry census. Assoc. Agr. For. Stat., Tokyo.
(in Japanese)

Fujishita, A., T. Okada and S. Nakamura. 1968.
Morphological variations among Semanotus

Japonicus Lacordaire adults. Forest Pests 17:

191-195. (in Japanese)

Hagiwara, Y. and S. Ogawa. 1970. Occurrence and

distribution trait of ‘Hachikamrs in sugi trees in

WAREH L v ¥ — G

82l 5

Kyushu. Forest Pests 19: 118-121. (in Japanese)

Ito, K. 2000. Recent advances in the study of biology
and management of the cryptomeria bark borer,
(Semanotus japonicus). J. Tree Health 4:63-71 (in
Japanese with English summary)

Kanazashi, T., T. Yokoyama and M. Katsuta. 1987.
The distribution of traumatic resin canals and
their formation, resulting from artificial injury, in
the inner bark of sugi. J. Jpn. For. Soc. 69: 16-23.
(in Japanese with English summary)

Kato, K. 2003. The ability to form traumatic resin
canals in Cryptomeria japonica resistant to
Semanotus japonicus Lacordaire (Coleoptera:
Cerambycidae). Trans. 114th Ann. Meet. Jpn. For.
Soc.: 552. (in Japanese)

Kato, K. and T. Taniguchi. 2003. Ten years
examination in the primary screening test in a
project for selecting Japanese cedar resistant to
Semanotus japonicus (Coleoptera: Cerambycidae)
conducted in Kanto breeding region. Bull. For.
Tree Breed. Center 19: 13-24

Kato, K., H. Yamada and E. Shibata. 2000. Role of
female adult size in reproductive fitness of
Semanotus japonicus (Coleoptera: Cerambycidae).
Appl. Entomol. Zool. 35: 327-331.

Kawarai, Y. and N. Kitazawa. 1974. Damage condition
of sugi bark borer and control effect (I). Ann.
Rep. Kanto For. Tree Breed. Sta. 11: 248-254. (in
Japanese with English summary)

Kawamura, K., M. Sasaki, M. Tajima, S. Kobayashi
and S. Okada. 1982. Ecological analysis of

Semanotus japonicus Lacordaire (Coleoptera:

Cerambycidae) in resistant breeding ( I ).

Difference of behavior in inoculated larvae and

exudation of

condition of resins in sugi

conventional varieties. Trans. Kansai Br. Jpn. For.



Secondary Screening Test for Selecting Japanese Cedar Resistant to Semanotus japonicus

Soc.: 77-80. (in Japanese)

Kishi, Y., S. Kaminaga and Y. Morimoto. 1973. Clonal
variation in Cryptomeria japonica damage from
Semanotus japonicus Lacordaire (Coleoptera:
Cerambycidae). For. Tree Breed. 77: 10-13. (in
Japanese)

Kobayashi, F. 1982. Subcortical pests of Japanese
cedar and cypress (in Japanese). Sobun, Tokyo.
(In Japanese)

Kobayashi, F. 1985. Occurrence and control of
wood-injuring insect damage in Japanese cedar
and cypress plantations. Zeit. ang. Entomol. 99:
94-105.

Kobayashi, F and A. Taketani. 1994. Forest insects.
Yokendo, Tokyo. (in Japanese)

Okada, S. 1980. Selective breeding to produce trees
resistant to Semanotus japonicus Lacordaire
(Coleoptera: Cerambycidae). For. Tree Breed. 114:
10-14. (in Japanese)

Okuda, K. 1982. Attack of Semanotus japonicus and
tree condition of its host, Cryptomeria japonica.
Forest Pests 32: 8-10. (in Japanese)

Shibata, E. 1983. Seasonal changes and spatial
pattern of adult populations of the sugi bark
borer Semanotus Jjaponicus Lacordaire
(Coleoptera: Cerambycidae), in young Japanese
cedar stands. Appl. Entomol. Zool. 18: 220-224.

Shibata, E. 1987. Oviposition schedules, survivorship
curves, and mortality factors within trees of two
cerambycid beetles (Coleoptera: Cerambycidae),
the Japanese pine sawyer, Monochamus
alternatus Hope, and sugi bark borer, Semanotus
Japonicus Lacordaire. Res. Popul. Ecol. 29:

347-367.



o WARERL Y &~y % 21 %

AX A I FVEPIEFTHRFRICB O THREREARX T
Fhii U7z REE D 3 4E ] D i R

mE Ym0 we

Kazutaka Kato") and Toru Taniguchi®®

HE  AXIIXFVESMEESEO—BRLE L THEFTBAARRKICBNT ~KBE TRIES N R
F2LEED S H IS RO 7 o — I LT, BEEHROAT D I X ) R BEIcERT s %)
HRE % 2001 £ 05 2003 £FE TO ZERIZOE O ERLIZ, AXHIF VRSB THL R X
FLESIHERETHH 7T AV EABE LTHW-, FEOEIZ, TMEEZORAXH IX ) b
{0 — 230 EIL 60 BHEERE L, FOKICHERE 2 HE LR RILRRABE L, 34F
&, BEALED7 =BT 10N EOS RS EENICFEAL LZ, 1EAORETIE, 57
0= IR AFIZHA_RTEOPHEREZ R L, Fhpo2 70— 0T, BREINSh-shhic
BT AEHORENIYL L, Thb 77— 02X h 3% VBBV S LT, 20
BORENPORRA LTz, 2B TH, BV S8 70— 2THARIAXERBEOILEE T LA,
SHIWZ3ERTIE, 1 70— RBARTAFEID LEWVINEREZ R L, 3EL LILEN 0 %EFR
L7327 m—r& IRIBREGHEALHIE LK,

(1) WAERER 22—

T319-1301 RUSIE B ST BTN 38091
() MokHHEE L Z—TuN BT

T861-1102 REARIFSGHIERTE AN TZER 2320-5





