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Abstract It has been suggested that certain morpho-
logical traits of Japanese pines function as resistance
factors against the pine wood nematode (PWN),
Bursaphelenchus xylophilus. The aim of this study
was to verify this concept, and to determine the
relationships between traits and resistance at both the
individual and family levels. Relationships between
survival rate and morphological traits of Pinus
densiflora and Pinus thunbergii were studied after
inoculation with PWN. Morphometric parameters
used were height, basal diameter of the axis, and the
number of branches from the axis. Three indices of
relationships were analysed: (1) among individuals
within a family (survival difference between smaller
and larger morphometric populations within each
family); (2) among individuals (correlation between
each morphometric average and survival rate in quintile
populations of all subjects within each pine species
based on the order of morphometric values); and (3)
among families (correlation between each morphomet-
ric average and survival rate in the family). Both
significant and non-significant differences were
detected within a family, indicating a need for macro
techniques. Among individuals, a thicker axis and more
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branches were correlated with increased survival,
indicating that they are resistance factors. However,
these correlations were not significant among different
families. These results indicate that morphological traits
cannot be used to evaluate resistance at a family level,
even if they are significant at an individual level. Further
studies on traits associated with resistance should be
conducted at a family rather than an individual level, to
breed for Japanese pines with resistance to PWN.
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Introduction

Pine wilt disease (PWD) is the most serious tree
disease in Japan, and has led to extensive damage of
pine forests throughout the country (Mamiya 1988;
Nakamura and Novotoy 1999; Forestry Agency of
Japan 2007). The disease is caused by the pine wood
nematode (PWN), Bursaphelenchus xylophilus
(Kiyohara and Tokushige 1971; Mamiya and Kiyohara
1972; Nickle et al. 1981). Since the detection of PWN
in Portugal, the spread of PWD is an increasing
concern in Europe (Mota et al. 1999; Futai and Sahashi
20006).

As part of a national programme to protect
plantation pine forests, resistant clones were selected
from stands after a PWD epidemic. Young grafted
clones from these trees subsequently showed less
damage after being inoculated with PWN (Fujimoto
et al. 1989). These resistant lines consisted of 92
clones of Japanese red pine, Pinus densiflora, and 16
clones of Japanese black pine, Pinus thunbergii.
Clonal seed orchards were established using these
clones, and after inoculation with B. xylophilus, the
survival rate of the young progeny seedlings from the
selected clones was higher than that of non-selected
pines (Toda and Kurinobu 2002). Therefore this
selection technique should be successful in isolating
a population with increased PWN resistance, at least
in young material. Experiments aimed at selecting
PWN-resistant pines are being conducted at the Forest
Tree Breeding Centre (FTBC), Forestry and Forest
Products Research Institute (FFPRI), and many
prefectural institutes of forestry throughout Japan
(Higasihara et al. 2007).

Recently, several studies have suggested that
morphological traits (height, basal diameter of the
axis, and the number of branches) of Japanese pines
are associated with resistance to PWN at a family
level (Toda et al. 1986; Toda and Fujimoto 1987;
Sasaki et al. 2002; Kuroda 2004)." However, it is
unclear whether these traits are truly relevant in
predicting PWD survival rate, as there are many
discrepancies among the various observations of
morphological characteristics and PWN responses
among tree populations (Toda et al. 1986; Toda and
Fujimoto 1987; Sasaki et al. 2002; Kuroda 2004;

! Title was tentatively translated by author when reference only
provided Japanese title.
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Kuramoto et al. 2006; Table 1). These discrepancies
may reflect the complexities of the relationships
among traits, individuals, and families.

In the present study, the relationships between pine
survival and morphological traits were examined from
different perspectives: among individuals within a
family, among individuals, and among families.

Materials and methods
Pinus densiflora experiment

PWN inoculation tests were carried out in the nursery of
the Shikoku Material Stock Garden (SMSG), Kansai
Breeding Office (KBO), FTBC-FFPRI, Kami, Kochi,
Japan (33°36' N, 133°41" E). Temperature was recorded
at 30-min intervals, and the mean was 28.0°C
(range, 22.9-36.2°C). Total precipitation was 203 mm
in the month following PWN inoculation (July 26—
August 25, 2006).

The plant material consisted of 28 month-old
seedlings obtained from five progenies of clones
selected for resistance to PWN (Okada and Tsuda
1989; Takeuchi et al. 1989; Toda et al. 1989).
Progenies were collected from one ramet of each
clone. Each family was planted in a plot of 3840
seedlings (25 seedlings m™) in a randomised block
design with three replications. Plants were maintained
in the nursery of SMSG-KBO-FTBC-FFPRI. All plots
were divided into two subplots and assigned for
inoculations—inoculation of the current axis (Current-
inoculation) and inoculation of the 2 year-old axis
(2y-inoculation) (Fig. 1).

The PWN inoculum was a Ka-4 isolate (strong
virulence), cultured on the fungus Botrytis cinerea
grown on autoclaved medium. Botrytis cinerea was
cultured on a medium consisting of 20 g dried barley
and 20 ml sucrose water (2%, w/v) in glass Petri
dishes (9 cm widthx2 cm depth), cultured at 25°C in
the dark. PWN were separated from the media using
the Baermann funnel technique. The suspended
population was adjusted to 10,000 nematodes per
0.1 ml aliquot (Yamanobe 2005). One aliquot was
inoculated into a wound on each pine. Wounding was
carried out by peeling the cortex and scratching the
xylem using a fine saw. These methods followed
normal practice at FTBC-FFPRI (Fujimoto et al.
1989; Toda 2004). The positions of wounds for
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Table 1 Previous reports on the relevance of morphological traits of seedlings to susceptibility to PWN

Morphological trait Conclusion Trend
Relevance Irrelevance
Height Toda and Fujimoto (1987)* Sasaki et al. (2002)° Smaller seedlings tend to be PWD-susceptible

Toda et al. (1986)°
Sasaki et al. (2002)"
Kuroda (2004)*

Basal diameter

Number of branches

Kuramoto et al. (2006)°

Thinner seedlings tend to be PWD-susceptible
Lesser-branched subjects tend to be PWD-susceptible

did not use any statistical test

°did not use family statistical test; Sasaki et al. (2002) used non-damaged rate whereas the other authors used survival rate

Current-inoculation and 2y-inoculation are shown in
Fig. 1. Inoculations were carried out on 26 and 27
July 2006. Randomly selected plants (22 in total)
from OI142, OI203, SA118 and SO39 were used as
controls, and their 2 year-old axes were inoculated
with water.

The measured variables were survival and three
morphometric parameters; height, basal diameter of
the axis, and the number of branches from the axis.
Height and basal diameter were measured within
2 weeks of inoculation using a tape measure and a
digital calliper. Survival and the number of branches
were measured in mid-December 2006.

Pinus thunbergii experiment

The PWN inoculation test was carried out in the
nursery of the KBO-FTBC-FFPRI, Shoo, Okayama,
Japan (35°3' N, 134°6’ E). Temperature was recorded
at 30-min intervals, and mean temperature was
27.1°C (range, 18.7-37.9°C). Total precipitation
was 82 mm in the month following PWN inoculation
(21 July-20 August 2005). The plant material
consisted of 28 month-old seedlings obtained from
15 families; 13 open-pollinated progenies from
individuals selected as candidate PWN-resistant
clones, selected from a coastal area in Shimane
Prefecture in Japan (Table 2, selected by S. Tamaki
and T. Yamanobe, KBO-FTBC-FFPRI, unpublished),
and two artificially crossed progenies from PWN-
resistant selections (Takeuchi et al. 1989, Toda et al.
1989). Each family was planted in a plot of 25-91
seedlings (25 seedlings m™), without replication, in
the nursery. All plots were divided into two sub-plots
and assigned for Current-inoculation and inoculation
of 1 year-old axis (ly-inoculation), except for the

two artificially crossed families (Fig. 1). In these two
families, only Current-inoculation was carried out, to
enable data sharing with other studies.

The Shimabara PWN isolate (strong virulence,
somewhat weaker than Ka-4; Tamaki and Yamanobe

Current first
elongation
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Current axis
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Later elongation (_)
one year ago

First elongation )

One year-old one year ago

axis inoculation

Later elongation ( :)
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First elongation ( -)
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Fig. 1 Axis and verticillate branch formation in 28 month-old
seedlings of Pinus densiflora and P. thunbergii observed at the
end of July, and inoculation position. Different lines represent
different elongation periods. Branch elongations at right-hand
side are omitted for brevity. Some pines in temperate zones
grow in a series of flashes/elongations during the growing
season (Kozlowski and Pallardy 1997). Pinus densiflora and P,
thunbergii seedlings usually formed four or fewer nodes of
joints of verticillate branches and axis at the end of July, and
occasionally lacked first and later flashes/elongations. Some
adventitious branches formed from short shoots on the axis
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Table 2 Morphometrics of seedling pines

Family Family code

Height (cm)

Basal diam (mm) Number of branches from axis

Pinus densiflora

Niihama7 NI7 120 125.3+22.7
Ohital42 OI142 118 114.5+28.3
Ohita203 01203 118 137.6£26.2
Saganosekil 18 SA118 120 86.6£16.5
Soja39 S039 119 125.8432.2
Pinus thunbergii

Misaki90 x Ohita8 MI90 x OI8 57 60.4+9.6
Namikata73 x Ohseto12 NA73 x 0S12 25 63.2+10.2
Ohda3 OD3 91 64.6+10.5
Ohda4 OD4 91 72.1+£11.3
Ohda8 OD8 84 64.7+12.5
Ohda9 0OD9 90 63.8+12.4
Yunotsu2 Y2 90 70.0£10.5
Yunotsu3 Y3 88 68.2+13.7
Yunotsu4 Y4 90 64.5+8.8
Yunotsu6 Y6 91 71.8+11.7
Yunotsu7 Y7 91 62.8+11.1
Yunotsu8 Y8 90 52.3+£7.4
YunotsulO Y10 68 50.8+10.6
Yunotsull Y11 91 53.0£9.3
Yunotsul2 Y12 89 53.6+8.5

21.845.8 20.0£9.0
21.2+7.1 20.0£12.1
23.4+6.7 23.6+11.5
19.3+£5.7 15.545.2
22.7+6.8 20.4+10.2
12.8+1.7 7.9+2.4
13.7+2.1 10.6+3.1
13.5£2.0 10.742.9
14.1+£1.9 10.3+£3.4
1424222 10.5+2.6
12.142.1 9.8+2.5
14.6+1.8 9.0+£2.9
12.9+2.5 9.6+2.7
12.8+1.7 10.3£3.0
13.3+£2.0 8.5+2.4
13.0+1.8 9.2+2.5
11.3+1.6 9.7+£2.8
11.0+2.0 9.6+3.3
11.2+1.9 9.0£2.6
12.1£1.8 10.5+2.8

All the values are mean + SD

2006)* was used for inoculation. Other procedures
were the same as described above for P. densiflora.
Inoculations were carried out on 21 July 2005. Control
plants (49 in total) were inoculated with water, at one
or two per inoculation position per family. Morpho-
metric values and survival of subjects were evaluated
in 2005, as described above for P. densiflora.

Data and statistical analyses

The relationships between survival and three morpho-
logical traits were analysed among individuals within a
family, among individuals, and among families. The
following three indices were used in the analyses:

(1) Among individuals within a family [38 analyses
per morphological trait (five families of
P. densiflora plus 13 families of P. thunbergii)
X two inoculation positions and two artificially
crossed families of P. thumbergii in Current-

2 Ibid.
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inoculation]—all plants within a family per
inoculation position were classified into smaller
and larger populations by the median for each
morphological trait. Plants in each population
were further classified on the basis of survival
(alive or dead). A 2x2 contingency table
(smaller/larger morphometric population X
alive/dead) was tested using Fisher’s exact test.
Among individuals (four analyses per morpho-
logical trait; two pine species x two inoculation
positions)—all pine plants per inoculation posi-
tion were classified into quintiles based on each
morphological trait. Pearson’s correlation between
each morphometric average and survival rate in
the quintile was analysed.

Among families (four analyses per morphological
trait; two pine species X two inoculation positions)
—all plants per inoculation position were classi-
fied into each family. Pearson’s correlation be-
tween each morphometric average and survival
rate was analysed.
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For family comparison of all three morphometric
variables and survival rate, a one-way analysis of
variance (ANOVA) for a randomised block design
was carried out for each inoculation position in P,
densiflora. A positional comparison of survival rates
between PWN inoculation sites by using family
values was carried out. Differences between the two
inoculation positions were tested by paired f-test in
five families of P. densiflora using averages of three
replications, and in 13 families of P. thunbergii using
plot values. Fisher’s exact test, Pearson’s correlation,
and the paired #-test were performed using Kyplot4.0
software (KyensLab, Inc., Tokyo, Japan). One way
ANOVAs were performed using the GLM procedure
in SAS version 9.1.3. Data for correlations, paired ¢-
tests, and ANOVAs were logarithmically transformed
morphometric values and arcsine square root trans-
formed survival rates (Falconer and Mackay 1996).
Survival rate was used in this study instead of
mortality for consistency with previous reports on
breeding for PWN-resistance (Kato et al. 1995, Toda
and Kurinobu 2001, 2002).

Results

In P densiflora, family average height was 86.6—
137.6 cm, basal diam was 19.3-23.4 mm, and there
were 15.5-23.6 branches. In P thunbergii, family
average height was 50.8-72.1 cm, basal diam was
11.0-14.6 mm, and there were 7.9-10.7 branches
(Table 2). No damage was observed in the controls.

Among individuals within a family, there were
some cases in which a small morphometric population
showed reduced survival after PWN inoculation.
Among the 38 analyses, significant differences in
height and basal diam were detected in 13 analyses
(34%) and in branch number in nine analyses (24%)
(Table 3).

Among individuals, plants with thicker axis bases
showed increased survival (»=0.87-0.99, P<0.057,
Table 4). A greater number of branches was associ-
ated with increased survival rates in three of four
analyses (r=0.89-0.96, P<0.05, Table 4), except for
the 2y-inoculation in P. densiflora (r=0.71, P=0.18,
Table 4). Height did not affect survival (»=0.45-0.84,
P=0.08-0.45, Table 4) except in 2y-inoculation in P,
densiflora (r=0.92, P<0.05, Table 4).

Among families, no morphological traits affected
family survival rate. Coefficients of correlation were
low to moderately positive or negative (r=—0.50 to
0.31, P=0.31-0.88, Table 4).

There were family differences in height in both
inoculation position and survival rate after 2y-
inoculation (ANOVA; F'=4.5-16.0, P<0.05, Table 5)
but not in the other dependent variables (ANOVA;
F=1.2-2.9, P=0.09-0.39, Table 5).

Family survival rates were higher after Current-
inoculation than those after 1y- or 2y-inoculation. In
P. densiflora, survival after Current-inoculation was
61.7-86.7%, and 31.7-67.8% after 2y-inoculation
(df=4, t=5.5, P<0.05, Table 6). In P. thunbergii,
21.7-93.3% survival was observed after Current-
inoculation and 0-54.5% after ly-inoculation (d.f =
12, t=6.1, P<0.05, Table 6).

Discussion

Death of seedlings in the experimental treatments was
due to PWN inoculation, as there was no damage
detected in the controls.

The relationships between each morphological trait
and survival should not be discussed with respect to
differences among individuals within a family, be-
cause both significant and non-significant differences
were detected (Table 3). Various conclusions have
been made regarding the influence of morphological
traits on disease resistance, and many discrepancies
have been observed (Toda et al. 1986; Sasaki et al.
2002; Kuramoto et al. 2006). Such discrepancies are
explained by the data in the present study.

The three morphological traits showed different
levels of relevance among individuals. With respect to
basal diameter, a thicker subject was predicted to
survive better because all correlations using the
quintile classification showed a P<0.06 value of
significance in basal diameter (Table 4). Trees can
survive as long as there is partial passage for xylem
and phloem transport, even if almost no transport
occurs (Kuroda 1999). Trees with a wider diameter at
the base, therefore, may have a greater potential to
retain functional passages than thinner trees. With
respect to the number of branches, subjects with more
branches would survive better as long as there are
more branches below the inoculation position, be-
cause there were significant correlations using quintile
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Table 3 Difference in survival rate between smaller (above) and larger (lower) population in the three morphometric values within

each family

Family code Height Basal diam Number of branches from axis
n Survival rate (%) P n Survival rate (%) P n Survival rate (%) P

Pinus densiflora—current axis inoculation

NI7 31 452 0.00* 30 433 0.00* 30 53.3 0.10
29 79.3 30 80.0 30 70.0

OI142 30 60.0 0.00* 30 60.0 0.00* 32 62.5 0.02*
29 89.7 29 89.7 27 88.9

01203 30 73.3 0.27 28 64.3 0.00* 33 81.8 0.34
30 83.3 32 90.6 27 74.1

SA118 28 75.0 0.00* 32 78.1 0.00* 31 77.4 0.03*
32 96.9 28 96.4 29 96.6

S039 30 73.3 0.00* 29 69.0 0.00* 27 85.2 0.6
30 96.7 31 100.0 33 84.8

Pinus densiflora—2 year-old axis inoculation

NI7 30 20.0 0.05* 31 19.4 0.03* 27 259 0.28
30 433 29 44.8 33 36.4

OI142 30 333 0.00* 29 24.1 0.00* 30 433 0.01*
29 86.2 30 93.3 29 75.9

01203 30 23.3 0.03* 28 14.3 0.00* 30 30.0 0.23
28 50.0 30 56.7 28 429

SA118 31 38.7 0.03* 30 26.7 0.00* 30 46.7 0.30
29 65.5 30 76.7 30 56.7

S039 30 53.3 0.02* 27 48.1 0.00* 31 61.3 0.20
29 82.8 32 84.4 28 75.0

Pinus thunbergii—current axis inoculation

OD9 22 31.8 0.50 22 22.7 0.10 17 5.9 0.00*
22 36.4 22 455 27 51.9

Y2 22 13.6 0.03* 23 21.7 0.23 26 23.1 0.25
23 435 22 36.4 19 36.8

Y3 22 63.6 0.08 22 63.6 0.08 23 52.2 0.00*
22 86.4 22 86.4 21 100.0

Y4 22 63.6 0.62 22 50.0 0.06 21 38.1 0.00*
22 63.6 22 77.3 23 87.0

Y6 25 8.0 0.02* 23 17.4 0.36 15 6.7 0.09
21 38.1 23 26.1 31 29.0

Y7 24 12.5 0.05* 23 13.0 0.07 28 14.3 0.05*
21 38.1 22 36.4 17 41.2

Pinus thunbergii—1 year-old axis inoculation

OD3 23 8.7 0.48 23 0.0 0.02* 17 59 0.37
22 13.6 22 22.7 28 14.3

OD8 21 429 0.26 21 19.0 0.03* 23 21.7 0.04*
21 28.6 21 52.4 19 52.6

OD9 23 8.7 0.04* 23 4.3 0.00* 20 15.0 0.27
23 34.8 23 39.1 26 26.9

Y7 22 13.6 0.40 23 8.7 0.12 22 4.5 0.03*
24 20.8 23 26.1 24 29.2

Above and below values are data of smaller and larger population in morphometric value divided by median. Family codes are shown
in Table 2. No significant differences were detected in unshown families in Pinus thunbergii; OD3, OD4, OD8, Y8, Y10, Y11, Y12,
NA73 x OS12, M90 x OIS in current shoot inoculation; OD4, Y2, Y3, Y4, Y6, Y8, Y10, Y11, Y12, in 1 year-old shoot inoculation

*P<0.05 (significant difference in Fisher’s exact tests of 2x2 contingency tables; alive/dead x smaller/larger morphometric

population)
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Table 4 Correlations between average morphometric values and survival rate in quintile classification based on the order of the

morphometric values and in family classification

Morphometrics & pine Inoculation Quintile Family
position
Range of n in each  Degrees of r P Range of n in each Degrees of r P
quintile freedom family freedom
Height Pd Cur 58-64 3 0.84 0.08 59-60 3 —0.37 0.53
Pd 2 years 56-63 3 0.92 0.03* 58-60 3 —0.40 0.51
Pt Cur 122-138 3 0.45 0.45 25-57 13 —0.06 0.83
Pt 1 year 114-126 3 0.48 0.41 34-46 11 —0.22 0.47
Basal diameter Pd Cur 50-72 3 0.99 0.00* 59-60 3 0.10 0.88
Pd 2 years 55-63 3 0.99 0.00* 58-60 3 —0.47 043
Pt Cur 130-131 3 091 0.03* 25-57 13 0.10 0.73
Pt 1 year 119-121 3 0.87 0.06 34-46 11 —0.17 0.59
Number of branches ~ Pd Cur 53-72 3 0.89 0.04* 59-60 3 -0.21 0.73
from axis Pd 2 years 50-74 3 0.71 0.18 58-60 3 ~0.50 0.39
Pt Cur 79-219 3 0.96 0.01* 25-57 13 0.18 0.53
Pt 1 year 73-151 3 0.95 0.01* 34-46 11 0.31 0.31

Pd and Pt are Pinus densiflora and Pinus thunbergii, respectively. Cur, 1 and 2 years are inoculation positions of current axis, 1 year-
old axis and 2 year-old axis, respectively (shown in Fig. 1). Morphometric values were analysed after log(x+1) transformation.

Survival rates were analysed after arcsine transformation

*P<0.05 (significant differences in correlation coefficients)

classification after Current- and ly-inoculation, but
not after 2y-inoculation (Table 4). These results are
consistent with previous studies, in which the
number of branches appeared to affect disease
resistance. Numerous branches may present a barrier
for PWN migration from the PWN inoculation site
along the branch (Kuroda 2004), and more branches
at the node might further limit PWN migration
(Kawaguchi 2006).” In general, height did not affect
survival of pines after PWN inoculation in this study.
The quintile classifications showed that there were
no significant correlations between height and
survival, except after 2y-inoculation in P. densiflora
(Table 4).

Although the various morphological traits were
associated with resistance in individuals, all three
morphological traits did not affect resistance against
PWN at a family level. There were no significant
correlations among families (Table 4). This was due
to the fact that there were no family differences in
basal diameter or number of branches, as indicated by
ANOVA (Table 5), and few differences in the
identical analyses of quintile correlations in height

3 Ibid.

(Table 4). Therefore, family differences would affect
survival rate of pines in the inoculation test, indepen-
dent of the effects of basal diameter and the number
of branches. These results suggest that morphological
traits would not influence family evaluation as long as
families of pine plants are grown under the same
conditions.

PWNs must pass through the node of verticillate
branches and the axis to cause death after Current-
inoculation because exponential multiplication of
nematodes throughout the entire tree occurs before
the death of the tree (Kuroda et al. 1988). The node
may limit PWN migration, as there was a higher
survival rate among seedlings inoculated at higher
positions in this study (Table 6). This finding is
consistent with those of previous studies, which
suggested that the node may have some function in
limiting PWN migration after PWN inoculation
(Kuroda 2004; Kawaguchi 2006). However, the effect
of the node is a complicating factor in the family
evaluation of Japanese pines for resistance to PWN
because family differences of survival rate were
detected only after 2y-inoculation but not after
Current-inoculation (Table 5). The 2y-inoculation
would be more suitable to evaluate hereditable

@ Springer



550

Eur J Plant Pathol (2009) 124:543-552

Table 5 Analysis of variance (ANOVA) for family difference in morphometric values and survival rate

Factor Source Degrees of freedom Current axis inoculation 2 year-old axis inoculation
Mean square F P Mean square F P
Height Replication 2 0.009 0.009
Family 4 0.020 16.0 0.00* 0.015 5.7 0.02*
Error 8 0.001 0.003
Basal diameter Replication 2 0.042 0.046
Family 4 0.003 1.2 0.38 0.003 1.7 0.24
Error 8 0.003 0.002
Number of branches from axis Replication 2 0.022 0.042
Family 4 0.010 2.9 0.09 0.008 1.5 0.29
Error 8 0.004 0.005
Survival rate Replication 2 0.088 0.132
Family 4 0.044 1.8 0.23 0.075 4.5 0.03*
Error 8 0.025 0.017

Heights, basal diameters and numbers of branches from axis were analysed after log(x+1) transformation. Survival rates were
analysed after arcsine transformation

*P<0.05 (significant difference)

Table 6 Family survival
rate (%) in each inoculation
position

Family codes are shown in
Table 2. Values are mean +
SD calculated from survival
rates in each of three blocks
in P, densiflora. Inoculation
onto 1 year-old axis in P
thunbergii and 2 year-old axis
in P. densiflora show lower
survival rates than onto cur-
rent axis in respective pines
(paired test using arcsine-
transformed rate; d.f=4, =
5.48, P=0.002 in P, densi-
flora; df=12, t=6.05, P=
0.000 in P. thunbergii)

@ Springer

Family code

Inoculation position

Current axis

1 year-old axis

2 year-old axis

Pinus densiflora
NI7

OI1142

01203

SA118

SO39

Pinus thunbergii
OD3

OD4

0OD8

OD9

Y10

Y11

Y12

Y2

Y3

Y4

Y6

Y7

Y8

MI90 & OI8
NA73 & 0S12

61.7+£24.7
74.6+13.0
78.3+£2.9
86.7+7.6
85.0£18.0

34.8
37.8
50.0
34.1
29.4
40.0
933
28.9
75.0
63.6
21.7
244
26.7
93.0
88.0

11.1
6.5
35.7
21.7
29.4
19.6
40.9
4.4
54.5
21.7
22
17.4
0.0

31.7£5.8

59.54£26.2
37.0£20.8
51.7+£22.5
67.8+£12.5
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resistance, as the effect of the node is less in this
inoculation than in the Current-inoculation.

In conclusion, there would be non-family (morpho-
logical), and family resistant factors to PWD, which
works independently of each other, in the two Japanese
pines. As morphological factors, wider diameter and
more branches would work. Recently, a few new
techniques for real-time tracing of PWN movement and
pine tissue degradation by PWD have been developed
(Fukuda et al. 2007; Komatsu et al. 2008). After the
establishment of these techniques, the role of the above
morphological factors may be rapidly revealed. On the
other hand, the three morphological traits discussed in
previous reports do not apply in a family context, even
though they hold true at an individual level. The results
of this study suggest that any traits associated with
resistance should be assessed at a family level to breed
for Japanese pines with resistance to PWN.
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