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Abstract

Cryptomeria japonica and Chamaecyparis obtusa are the main species used for timber production in the Kansai
district. Most of the plantations are 20 to 50 years old. Today, landowners cannot afford to manage forests for timber
production because of the abundant supply of cheap imported timber. In the plantations, sudden tree death and xylem
degradation seem to be increasing. Surveys were carried out of the management history, climate, fungal infection, and
insect damage in those plantations, and the possible factors associated with deterioration of tree health were examined.
Xylem dysfunction had progressed due to repeated infection by pathogenic fungi from younger ages. In addition,
longhorn beetles had invaded and enhanced infection by decay fungi. Beetle invasion and fungal infection are both often
accelerated in those forests, where pruning and thinning are delayed. It appears that afforestation of unsuitable sites, such
as those on shallow soils or along creeks, accompanied by fertilization, increased the damage by disease infection. The
shift of forest management to longer cutting cycles also induces problems, such as freezing cracks in xylem associated
with black and wet heartwood. It seems likely that, if conifer plantations are left unmanaged, mass mortality of trees,

especially that associated with xylem degradation, will increase in the future.
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Introduction

Conifer plantations cover a total of 40% of the forested
area of Japan. Two coniferous species, Cryptomeria japonica
and Chamaecyparis obtusa, are the main species used for
timber production in the Kansai district as well as in wider
areas of Honshu Island. Afforestation was very active from
the 1950s to the 1970s and then stagnated. Therefore, most
plantations are between 20 and 50 years old.

Today, many plantations are not managed well.
Landowners cannot afford to carry out pruning and thinning
for timber production because the price of timber has
greatly diminished due to abundant imports during the last
three decades. Many plantations are overstocked and consist
of trees with small diameters and many branches. In some
plantations, trees are on a 100-year cutting cycle, without
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accurate planning, just to avoid high-cost management
practices. Emerging problems, such as sudden death or xylem
degradation of these planted conifers, have been reported by
local governments in recent years. Such phenomena might
be related to inappropriate forest management, and the
future of the plantations has become a major cause for
concern. To elucidate the causal factors of these problems, biotic
and abiotic environments were assessed in those plantations.
Presented here is an overview of the present condition of conifer
plantations in the Kansai district, and the possible causal
factors of plantation deterioration are discussed.

Materials and Methods
Sudden death and xylem degradation were found in conifer
plantations in Shiga and Kyoto Prefectures. These problems,
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notified by local governments during 2001 and 2002, were
investigated (Fig. 1). Two instances of deterioration were in
Cryptomeria stands (Sites A and D), and the other two were in
Chamaecyparis plantations (Sites B and C). As the private
forests do not permit cutting dozens of trees for research, the
present investigation was conducted as an optical survey with
minimum cutting. From the results of the following
investigation, the causal factors were considered, and the
conditions that accelerate forest deterioration were assessed.

Fig.1. Sudden death and xylem deterioration found in conifer
plantations in the Kansai district during 2001 and 2002. A
to D are the investigated sites.

Environmental aspects: Field surveys were made of the
extent of the damage to the trees, including those with shoot
bright or dieback. To find the causes of biological damage,
disease symptoms and insect attacks were checked. As
environmental factors, site conditions and recent weather
conditions were checked. Local governments were asked to
report on the management history of the stands and freaks of
nature, such as a late frost or drought. Where climatic factors
seemed to cause the problems, weather records on temperature
and precipitation were inspected from AMeDAS (Japanese
Meteorological Agency) data from 1992 to 2002.

Pathological and anatomical observations: When
infection, insect attack, or xylem degradation was suspected or
assumed, at least one tree was felled and cut into discs. The

presence of fungal infection was checked, and the pathogens
were identified directly under a microscope or after the
incubation of tree tissues on a potato dextrose agar (PDA)
medium at 25C. Insect damage, especially from longhorn
beetles, causes significant xylem degradation (Kobayashi, 1986).
The damage was observed from the scars on the surface or
from cross sections of trunks. Anatomical changes in the
samples were observed with binocular- and light-microscopes.

Results and Discussion
1. Sudden death in Cryptomeria japonica plantations
in Shiga Prefecture

Complete and partial death of Cryptomeria japonica trees
were found in May 2002 in 20- to 40-year-old plantations at
several locations in Yogo-cho in the northern part of Shiga
Prefecture (Fig. 1, Site A). When viewed from a distance, dead
trees or shoots were scattered throughout the hills. Stands that
include damaged trees were characteristically seen on
plantations neighboring rice fields or among rows of trees along
the roadside. Pruning and thinning had been delayed in some
cases and done recently in others.

In affected stands, dead and wilting trees and those with
treetop dieback showed evidence of attack, as scars on the bark,
by longhorn beetles, Semanotus japonicus or Anaglyptus
subfasciatus (Kobayashi, 1986). Decay and discoloration
induced by fungi were found in a cross-section of a tree with
treetop dieback associated with holes formed by the beetles
(Fig. 2A). Xylem discoloration and decay covered most of the
trunk cross-sections (Fig. 2A, B). It was evident that water
conductivity had been seriously impaired by tracheid
dysfunction associated with discoloration and decay. The
water deficit must have occurred in the upper stems during
periods of high transpiration during the spring of 2002 and
apparently resulted in the death of branches or entire trees.
From the discolored and dysfunctional xylem, the pathogenic
fungus causing the Guignardia canker, Guignardia
cryptomeriae, which will soon be known as Botryosphaeria
cryptomeriae (Miyashita and Yamada, 2002), was detected
(Kishi, 1998). Infection from this fungus usually starts from the
base of the branches (Fig. 2D). Cryptomeria japonica and
Chamaecyparis obtusa sometimes die from extensive xylem
dysfunction following repeated infections by this fungus
(Nakagawa et al., 1997). In addition, stripe cankers due to
partial cambial lesions were observed on some main stems,
including those of living trees (Fig. 2C). This diagnostic canker
is formed by Phellinus hartigii or Cercospora sequoiae infection
(Kishi, 1998). Phellinus infects from thick dead branches
(Sinclair et al., 1987) that result from a lack of pruning.
Cercospora sequoiae infects in nurseries, and trees with cankers

must be removed at a younger age. Longhorn beetles increase
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their population in dense, poorly lit stands, where the trees
retain dead branches (Kobayashi, 1986). These factors suggest
that infection and beetle invasion were both induced in affected
plantations by a delay in pruning and thinning, which should
have been done at a younger age of the trees.

This type of sudden death or shoot dieback will increase in
the future as a result of poor forest management. It would be
better to harvest and remove trees with severely degraded

xylem (Fig. 2) from the plantations. Mass mortality of conifers
is known to occur after severe droughts in plantations where
Guignardia canker is frequently found (Nakagawa et al., 1997).
Usually, such deaths have been reported as drought damage
(Yositake and Shimada, 2001) without investigating the
contribution of fungi to reducing xylem conductivity. It will be
important to conduct a pathological survey to check the forest
health.

Fig. 2. Discoloration, decay, and canker of Cryptomeria japonica found in some plantations with sudden death at Site A in Shiga
Prefecture.

2A: Decay (arrow) associated with the invasion of longhorn beetles. 2B: Blockage of sap ascent (WB) caused by Guignardia infection (arrow).
2C: Stripe canker (arrow) caused by Phellinus hartigii or Cercospora sequoiae infection. 2D: Younger Cryptomeria japonica tree infected with
Guignardia canker from several branch bases (arrows). (by courtesy of Dr. Miyashita)
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3A: Dead sixty-year-old trees (arrow). 3B: Base of a dead tree with broad annual rings. 3C: Cross-cut of 30-year-old trees (3D) with beetle
damage, decay, and discoloration by fungal infection (arrow). 3D: Abnormally rough surface (arrow) of a 30-year-old tree due to fast radial
growth.

2. Sudden death and xylem degradation in a
Chamaecyparis obtusa plantation in Shiga Prefecture
Sixty-year-old Chamaecyparis obtusa trees suddenly died in

July 2001 in Ootsu City in Shiga Prefecture (Fig. 1, Site B). All of

twenty-seven trees in an area of 0.03ha were killed (Fig. 3A).

Dead trees had been cut, and most stem wood had been

removed from the site at the time of the survey. From the stump

surfaces of dead trees, no evidence of fungal infection was
detected. Abnormally broad annual rings (Fig. 3B) and very
large crowns with thick branches indicated the effect of
fertilization, which had taken place 30 years before. Damaged
trees had grown on an elevated, stony site between two creeks.

Trees may have suffered from water deficit during summer

drought. Local government officials reported that fertilization

was a popular practice that was carried out in many plantations
to improve poor soil nutrient status. Root systems in these
shallow soils may have been inadequate to maintain the large
stems and crowns resulting from fertilization. More sudden
death may occur in future.

Surrounding the dead stands, 30-year-old trees of

Chamaecyparis obtusa also showed abnormality in growth (Fig.

3C, D). Swelling of the lower trunk accompanied by rough outer
bark is known as a physiological disease of Chamaecyparis
obtusa, "Tokkuri-byo (Liquer-bottle shape hypertrophy)" (The
Phytopathological Society of Japan, 2000) (Fig. 3D). The causal
factor is still unknown, but this phenomenon is sometimes
found in plantations on rich soil. Attacks by longhorn beetles
were found at high frequency in affected stands. On the cross
section of one of those trees, xylem decay was found adjacent to
the invasion galleries (Fig. 3C, arrow), as in the case of
Cryptomeria trees at Site A (Fig. 2). Sapwood had partly
discolored by fungal infection and/or was associated with the
physiological abnormality. The increase in beetle population
must be due to the large number of thick, dead branches where
the beetles laid eggs (Kobayashi, 1986). The stands were very
dense due to delays in pruning and thinning. Most of the trees
in the stand appeared to have a degraded xylem and were
unlikely suitable for timber production. Plantations in similar
conditions probably exist in other fertilized sites, and some
decision by the local government for remedial action will be
necessary following more detailed surveys.
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3. Sudden death in a Chamaecyparis obtusa

plantation in Kyoto Prefecture

In a 35-year-old plantation of Chamaecyparis obtusa in
Fukuchiyama City (Fig. 1, Site C), 60 trees were completely dead
(Fig. 4), and the upper branches of about 30 trees surrounding
the dead trees were partly dead in June 2002. The main stems of
the dead trees were infected with blue stain fungi vectored by
bark borers. However, the trunks of trees with partially dead
crowns indicated neither infection by pathogenic fungi nor
insect damage. Fungal hyphae and fruit bodies were found on
the foliage of partly dead trees. By microscopic observation,
they were identified as Meliola sp. and Lophodermium
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chamaecyparisii (Kishi, 1998). The pathogenicity of these fungi
is not very strong, but the fungi are sometimes found on
physiologically troubled trees. Again, the affected plantation
was dense and dark due to delays in thinning and pruning. The
AMeDAS weather data (Japanese Meteorological Agency, 1996)
indicated that precipitation had been less than usual and the
mean temperature during spring higher than usual in this area
in 2001 and 2002 (Fig. 5). The trees may have suffered from
strong water stress. Water deficit is the probable cause of
sudden death, but a detailed investigation is necessary to
determine the cause of this incident.

AR

L

Fig. 4. Sudden death in a 35-year-old Chamaecyparis obtusa plantation at site C in
Kyoto Prefecture that is surrounded by trees with treetop dieback.
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Fig.5. Fluctuation of atmospheric temperature and precipitation

in recent years in Fukuchiyama City (Site C) (From the
AMeDAS Report)

Monthly mean temperature: March A, April(], and Maym ; and
yearly precipitation: ® from 1992 to 2002. Normal values of mean
temperature (April) and of precipitation: horizontal lines T and P
(averaged data of 12 years from 1979 to 1990; Japanese
Meteorological Agency, 1996).
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Fig. 6. Degradation of wood property as a result of black and wet heartwood formation in Cryptomeria japonica plantations at site D in
Kyoto Prefecture.

6A: Trunk of a 100-year-old tree with a deep streak caused by repeated freezing cracks (arrow). 6B: Extensive freezing cracks in a 100-year-old tree
(6A) with wet heart. 6C: Slightly darker heartwood of a 35-year-old tree. 6D: A 40-year-old tree with wet and partly black heart and freezing cracks

(arrow).

4. Deterioration of wood properties in Cryptomeria
japonica plantations in Kyoto Prefecture

In an approximately 100-year-old Cryptomeria japonica
plantation in Kyoto City (Fig. 1, Site D), extensive freezing
cracks were found in stems in both a radial and a concentric
orientation (Fig. 6A, B). Such trees were not suitable for
construction purposes. Black heart is sometimes formed in
Cryptomeria japonica and is always associated with wet
heartwood (Kuroda, 1997). Black and wet heart is promoted by
combinations of genetic factors, wet environment, and
wounding or fungal infection (Hirakawa, 1997; Kuroda, 1997)
and is frequently found in specific cultivars, for instance,
"Shibahara," which is commonly used in Kyoto Prefecture.
Freezing cracks occur in association with black heart as a result
of the high water content of the heartwood. Decay is also found
in association with the black heart symptom. Foresters believe
that freezing cracks increase as a plantation grows older than
40 years. In the trunk of a 100-year-old tree (Fig. 6B), the
freezing cracks had started ca. 60 years before and then
repeatedly occurred, judging from the disturbed annual rings

that tell the history of injuries to the cambium by crack
formation. A 35-year-old tree contained slightly darker
heartwood (Fig. 6C). In a 40-year-old stand of a Shibahara
cultivar, freezing cracks and partial black heart were found (Fig.
6D).

This stem defect, however, has not been a serious problem
in the plantations in Kyoto Prefecture because trees are
traditionally cut at a younger age for round-post production.
Recently, Cryptomeria japonica plantations, which are usually
managed on a short cutting cycle, are changing to longer
cutting cycles. In most cases, the landowners do not seem to
consider the possible consequences of this change, but decisions
are based solely on reducing management costs. This example
of black heart shows that the adoption of long cutting cycles is
likely to increase the degradation in wood quality.

Conclusions
The present study shows that recent sudden deaths in
conifer plantations may be predominantly caused by severe
water deficits and reduction of sap ascent in the main stems of
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trees. In those incidents, xylem dysfunction had progressed by
repeated infection or beetle invasion from a younger age. The
following phenomena are related to xylem dysfunction: (1)
Fungal infections are promoted by delays in pruning and
thinning. (2) Afforestation on unsuitable or shallow soils or
along creeks is associated with tree decline. (3) Fertilization to
accelerate xylem growth induces imbalance in the growth of
root and stem and seems to decrease the resistance of trees to
water stress or to fungi and insect attack. The results suggest
that forest decline syndromes may be largely associated with
biological agents, although air pollution or greenhouse warming
receives much attention as a potential causal factor of forest
decline.

In Japan, the role of forests is shifting from timber
production toward environmental conservation. As one of the
methods to reduce management costs in conifer plantations,
landowners are planning to extend the cutting cycles of trees to
more than 100 years. However, the risk of degradation of wood
quality or mass mortality at older ages must be considered
before changing the rotation length and management practices.
Conifer plantations for timber production are also a part of the
forest area that has a role in maintaining a healthy
environment. Even if monoculture conifer plantations are
inferior in their biological diversity, it must be emphasized that
already established forests should be adequately maintained
rather than abandoned. Although conifer plantations may still
look healthy to most people, urgent and scientifically based
action is necessary to maintain their health as part of the overall

aim of sustainable forest management.

Acknowledgement
I would like to thank Dr. Old, CSIRO (Commonwealth
Scientific and Industrial Research Organisation), in Australia,
for his revision of this manuscript, the local government
officials of Kyoto and Shiga Prefectures for their support during
the survey, and Drs. Miyashita and Kobayashi for the isolation
of fungi and advice for their identification.

[Bulletin of FFPRI, Vol.2, No.4, 2003

References

Hirakawa, Y. (1997) "Black heart formation in specific clones."
In Kobayashi, K. (ed.) How to decrease the degradation of
Cryptomeria japonica wood due to black heart formation,
Ministry of Agriculture, Forestry, and Fishery, p.67-73 (in
Japanese).

Japanese Meteorological Agency (1996) Normal values of
weather data (1961-1990). Japan Meteorological Business
Support Center.

Japanese Meteorological Agency (2003) AMeDAS weather data

Kishi, K. (1998) Plant diseases in Japan, Zenkoku Noson Kyoiku
Kyokai, Tokyo, 1276p (in Japanese).

Kobayashi, F. (1986) Longhorn beetles that attack Cryptomeria
japonica and Chamaecyparis obtusa. Zenkoku Ringyo
Kairyo Fukyu Kyokai, Tokyo, 185p (in Japanese).

Kuroda, K. (1997) "Studies on the factors that promote black
heart formation." In Kobayashi, K. (ed.) How to decrease
the degradation of Cryptomeria japonica wood due to black
heart formation, Ministry of Agriculture, Forestry, and
Fishery, p.54-58 (in Japanese).

Miyashita, S. and Yamada, T. (2002) Phylogenetic analysis of
Guignardia cryptomeriae based on rDNA-ITS sequences.
Proceedings of the IUFRO Working Party 7.02.02 Shoot
and Foliage Diseases, Meeting at Hyytiél4, Finland, 17-22
June, 2001, Finish Forest Research Institute, Research
Papers 829,189-191.

Nakagawa, H., Ikeda, T., and Takahata, Y. (1997) Mass
mortality in Sugi (Cryptomeria japonica) and Hinoki
(Chamaecyparis obtusa) plantations in Shiga Prefecture in
1994. Forest Pests, 46, 47-53 (in Japanese).

Sinclair, W. A., Lyon, H. H. and Johnson, W. N. (1987) Diseases
of trees and shrubs. Cornell University Press, Ithaca, and
London, 574p.

The Phytopathological Society of Japan (2000) Common names
of plant diseases in Japan, Japan Plant Protection
Association, p.459 (in Japanese).

Yoshitake, T. and Shimada, K. (2001) Bibliographical records of
forest meteorological hazards, Bull. For. & For. Prod. Res.
Inst. 380, 35-173 (in Japanese).



254 KURODA K.

ogdoobbogoooooobogd
oooov

oon

gobooooooooooboooobooooboooobogsobo7ooooooobooooooboobooo
200500 0000000000000 0O004% 0000000000000 000OD00OOOOOOO
goboooooobooooboobooooboboobobobDoobobobooobOobDoboOoDbo
gboboobooboooobobobooobobobobobobooboboboooboboboobo
gbobooooboobooooboboboooboobooobobobooboboboooboboboobo
goboooooobooooboobooooboboobobobDoobobobooobOobDoboOoDbo
gboboobooboooobobobooobobobobobobooboboboooboboboobo
gbobooooboobooooboboboooboobooobobobooboboboooboboboobo
goboooooobooooboobooooboboobobobDoobobobooobOobDoboOoDbo
gboboobooboooobobobooobobobobobobooboboboooboboboobo
gbobooboooboooobooobooboobooobooboobooboobooboooboooboobobbOoboo
oon

gbooooooobooboboboooooobobobobooooo

1) D000000000000612:085500000000000000 68 e-mail: keiko@affrc.go.jp

0000000000000 000002003]



