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Abstract 

Abnormal ascent of xylem-sap was investigated after the inoculation of Pinus thunbergii with 
Bursaphelenchus xylophilus, using acid-fuchsin solution injected into the bottom of trunks of 
standing trees at one week intervals prior to harvest. Results were considered in relation to 
decrease in xylem water content, anatomical changes, and increase of nematode number in the 
trees. When sap-flow was disturbed two weeks after nematode inoculation, the water content 
began to decrease, after which whitish streaks became conspicuous in the cross section of trunks 
very clearly bounded by the area stained with the dye. Tracheids in those areas showed "cavita- 
tion", that is, the phenomenon that tracheids come to contain gas instead of water. Xylem-sap 
flow, which ascended in spiral direction in healthy trees, was disturbed by the blockage of flow at 
cavitated tracheids. Areas of cavitation gradually spread to cover the entire cross sectional 
surface. Anatomical changes in pine tissue and increase in nematode number were delayed 
until the fourth week when water contents of xylem decreased to about 30% of healthy trees. 
Necrosis of cambium and phloem seemed to be caused by water shortage at the adjacent part 
to cavitated tracheids. Water deficit induced by cavitation was judged to be a major factor of 
inducing lethality in pine trees. Because resin leakage from epithelium was restricted to very 
small areas, mechanical plugging of water flow by leaked resin did not appear to be a major 
factor in disease induction. Clear boundaries between the cavitation and dye-stained areas 
suggested that hydrophobic substances were incorporated in cavitation areas. Investigations 
on the causal factors of cavitation may be required to understand the mechanism of pathogenesis 
associated with nematode infection. 

(Received August 16, 1988) 

Key words: pine wilt disease, cavitation, water deficit, nematode, Bursaphelenchus xylophilus, 
Pinus thunbergii. 

INTRODUCTION 

The pine wood nematode, Bursaphelenchus xylophilus, creates a disturbed water condition 
in the trunk of Pinus thunbergii and finally kills the pine tree'jW8'l2). The mechanism of pathogen- 
esis in pine wilt disease has not yet been elucidated. 

Tamura et aL21) showed that xylem-sap flow ascended spirally in healthy treeslO* 11) and that 
this ascent became random one or two weeks after infection with pine wood nematode. They 
assumed that the flow disturbance was due to partial blockage of tracheids by unknown factors, 
and that water bypassed to adjacent tracheids until the complete blockage occurred five weeks 
after infection. An abrupt increase in nematode numbers occurred subsequent to the conspicuous 
disturbance of sap flow. 
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Tamura et al.^ emphasized such tracheid blockage is an initial, and very significant, symptom 
before rapid multiplication of nematode population. Kozlowski 9, stated that vascular plugging 
often played a major role in the appearance of initial symptoms of wilt and in the ultimate death 
of infected plants. The cause of vascular plugging, however, is controversial in many tree 
d i~eases l -~ '~) .  In the case of pine wilt disease, the mechanism of water blockage in relation to 
the death of pine trees has been poorly investigated. For instance, abnormal water relations 
have been suggested from water stress and abnormal respirationl3*l99 20) but no one yet has directly 
measured xylem water status. This is probably because no one regarded drying of xylem as the 
cause of death but the results. Toxic s ~ b s t a n c e s ~ ~ ' ~ ~ )  have been reported, but not been shown 
to be the cause of tracheid blockage. Hydrolytic enzymes were thought to cause resin leakage15). 
However, mechanical plugging of tracheids with resin or degraded substances17), which were 
speculated to cause water blockage, has not been experimentally proven. 

In this report we first explain the timing from initial wilt symptom onset until the death of 
pine trees in relation to the water conduction, water distribution, growth of nematode population, 
and anatomical changes of pine cells. Next we discuss mechanism of water blockage and result- 
ing effects of water deficit on the survival of pine trees, based on the investigation of xylem-sap 
flow and xylem water contents. Before discussing how pine trees are killed by pine wood nema- 
tode, the causal factor of water flow blockage must be discovered. 

MATERIALS AND METHODS 

Inoculation and sampling. Twelve 1 1-year-old Japanese black pines (Pinus thunbergii) were 
selected in the nursery of Kansai Research Center, Forestry and Forest Products Research Insti- 
tute. A branch of each tree was inoculated with 10,000 pine wood nematodes, Bursaphelenchus 
xylophilus, at a height of ca. 200 cm (Fig. 1) on August 18, 1987. Each week for one month, 
3 sample trees were injected with 1 % aqueous acid-fuchsin via a hole drilled at a height of 30 cm 
above ground. Trees were cut the next day. Methods used for dye injection, nematode culture, 
inoculum preparation, and tree inoculation were the same as in the previous report 21). Control 
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Fig. 1. Schematic illustration of the nematode inoculation and sampling site from a pine tree. 
Vertical axis indicates the height of inoculated branch and disk sampling. 












