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The Variety of Resistances among Pine-species to
Pine Wood Nematode, Bursaphelenchus lignicolus
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Table 1. Hight and age of examined trees.
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1977 1978
Species
Height (cm) Age Height (cm) Age

P. koraiensis — — 55-80 7
P. pentaphylia — — 45-65 6
P. stsobus (X 1) 95-135 6 90-170 7,8
(X 1)* — — 100-140 6
(x3) 115-150 6 110-170 8
P. strobiformis 45-75 6 45-90 7
P. monticola — — 50-70 7
P. excelsa 30-40 4 100-165 7
P. excelsa* — — 110-165 7
P. leiophylla 240-360 8 210-470 9
P. massoniana 240-355 9 280-550 10
P, thunb. X P. masso. 115-285 8 230-390 8,9
P. thunbergii 100-280 6,8 165-370 7,8,9
P, thunbergii* — — 100-145 6
P. mugo 35-95 50-70 8
P. densiflora 90-230 6,9 140-330 7
P, densiflora* — — 90-140 6
P. luchuensis 100-140 5 75-145 6
P. pinaster 255-285 7 350-495 8
P. pinaster* — — 105-120 5
P. tabulaeformis 105-170 7 135-200 8
P. splvestris 60-150 5 65-90 6
P. nigra 70-135 7 95-155 8
P. resinosa 30-50 5,6 30-35 6
P. tniwanensis 145-240 5 190 6
P. taiwanensis* — — 120-150 6
P. taeda (X 1) 165-280 6,9 290-420 10
(X3) 200-260 9 310-425 10
P. elliottii 230-350 7 220-530 8
P. rigida 145-245 7,9 170-290 8,10
P. ponderosa 130-180 11 165-220 12
P. engelmanni* — — 100-260 9
P. rudis* — — 65-180 9
P. banksiana 140-245 7 185-350 8
P. contorta 40-70 5 45-80 6
P. radiata 95-230 7 — —
P. muricata 80-125 6 85-120 7

P. oocarpa* — — 150-250

Materials marked as * were examined at Shirahama Experimentai Station.

at Kamigamo Experimental Station.
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Others were examined

R T A2B IR, EER, 2, SHERKEAOBRAKOBERLIBEON E % 1T 14 -»



26

Strobus

Pinus.

Ternatae

Strobus

Pinus

Fig. 1.

Cembrae  —P. koraiensis
P. pentaphylla

—P. strobus(x1)
Strobi 4 P.strobus(>3,
——DP. strobiformis

——P. monticolu

——P. excelsa
~Leiophyllae —P. leiophylla

—P. massoniana

—P. thunbergii

—P. mugo

—Sylvestres—-

——P. densiflora

——P. luchuensis
——P. pinaster
—P. tabulueformis

——P. sylvestris

P.nigra
)

o

. resinosa
L—P. taiwanensis

P taeda’ 1)
P. taeda{ < 3)
P.elliottii

-Australes -

—P, rigida

—Ponderosae P. ponderosa

P. banksiana
—Contortae ‘|

P. contorta

L Oocarpae _':P. radiata

P. muricata

—P. thunb. X P. masso.é

TITITTT

I

1 | ] | 1L i S S S R |
0 50 100 150 200 2503000 50 100 150 200 250 300

Days after inoculation

The progress of external symptoms of each test pine species inoculated with the nematc;de,

Bursaphelenchus lignicolus, at Kamigamo Experimental Station in 1977 and 1978.

Grade of symptoms, [__]: healthy in appearance, £

weakened, JlJll: dead

: vaguely weakened, E=: clearly
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Fig. 2. The progress of external symptoms of each test pine species inoculated with the pine wood
nematode at Shirahama Experimental Station in 1978.
Grade of symptoms, [__|: healthy in appearance,
weakened, Jlll: dead

: vaguely weakened, EE5: clearly
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Table 2. Damage of pine trees by inoculation of pine wood nematode, B. lignicolus.
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once inoculated*

twice inoculated *

Pine species L No.l of % of 4 % of ) No.1 of %, of 4 % of
motcrl.;;ted wezrl:;:e dead trees motc;;ted ! we;k;ge dead trees

P. koratensis 7 100 100 — — —
P. pentaphylia 7 57 57 — — —
P. strobus (X 1) 29 38 3 2 0 0
(X )% 12 83 33 — — —

P. strobiformis 15 60 60 3 100 100
P. monticola 7 71 29 — — —
P. excelsa 21 57 29 — — —
P. leiophylla 14 86 79 2 0 0
P. resinosa 14 21 21 4 25 25
P. nigra 14 57 43 5 20 20
P. mugo 12 92 83 I 100 100
P. thunbergii 42 93 79 2 100 100
P, pinaster 17 59 59 3 0 0
P. luchuensis 12 83 83 2 100 100
P. densiflora 54 46 43 11 27 18
P. massoniana 14 43 29 5 20 20
P. thunb. X P. masso. 21 48 24 4 25 0
P. taiwanensis 15 7 7 4 0 0
P. tabulaeformis 14 43 29 7 29 14
P. sylvesiris 14 57 43 4 25 25
P. taeda (X 1) 14 7 7 10 0 0
(X 3)** 13 46 15 — — —

P. elliottii 9 33 33 5 0 0
P. rigida 14 0 0 5 0 0
P. ponderosa 14 71 50 4 50 25
P. ruids 9 78 67 — — —
P. engelmanni 8 75 63 — — —
P. banksiana 14 21 0 5 40 40
P. contorta 14 21 14 5 20 20
P. radiata 3 33 33 2 50 0
P. muricata 14 79 79 2 100 100
P. gocarpa 3 67 67 — — —

*.

in 1977 and were yet in good health were used for the test once again in 1978.
**:  An inoculum density was 2,000 for each tree, but some trees of P. strobus and P. iaeda, which are

marked as

“

Most trees examined were inoculated once each year, but some trees which had been inoculated

X3’ in this table, were inoculated with 2,000 nematodes at three different sites,
6,000 in total.

NThLOHNEIRANEDODTEDP -T2 LD > TRERDEHS, COXIBERDLDIC,
HEOHRBIMEO—PIC L EF ORIKE L TRIENE D - A REME NS 5o

P strobus & P excelsa (LTI b S —A, TbDOTHMNERBEBEERICA L. 2h
BIER AR C OF - ICRE LI JGEIR (BE—2~4) TH5B, INEwY /FA4 &Y Fa
VEEEINERLRE L RKBoOBERORENTOMBMICK > THETHA DR HE 5,

Stro-



Photo 1. The method of nema-
tode inoculation on the stem of
test pine tree.

Photo 2. The scald-like lesions
on the stem of Pinus strohus ino-
culated with pine wood nema-
tode, Bursaphelenchus lignicolus.

Photo 3. The lesicns on the stem
of P. excelsa inoculated with B.
lignicolus.

Photo 4. A two-year old branch
showing lesions associated with
B. lignicolus (left), in comparison
with a healthy branch (right).

Photo 5. Young shoot of P. thun-
bergii showing scald-like lesion
associated with a pine wood
nematode, B. lignicolus.

Phcto 6. Lesions on the stem of
P. strobus fed by the Japanese
pine sawyer, Monochamus alternatus
Hope, contaminated with B.
lignicolus.
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Tnvasion rate (%) INITH A S EH D2 DBEKIC 2105 -

2nd Larvae 3rd L.-Adult 7230, FhEBMOERICLEED,

P, thunbergii 2.4 28.2 EHOLICTE1eDTH D, TDIHE—2
P. taeda 2.0 21.2 T, ENENOEC—ELTEBRRICHL

. . fofidk &, MEICHE > TR 2 EOEEEZ Y
Table4 Susceptibility of some strains of P. densiflora

to pine wood nematode, B. lignicolus. (No. F A DR BERER L JOMEREF 2 1R
of weakened or dead trees/No. of trees Uto — 20 0HLMIE DT, —BiT,

inoculated). 19T B & B - 7o BIKIE, 1978 OF
1977 1978 | 77+'78  REEZITLEETSRIGHEASRE SN
P. densifiora b0 To& Z X, P.pinaster B P, leiophyllaT
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Kamigamo 11 — 6/7 — OBEEBZLZOEDRD I EFERDRIC
Kamigamo III - 5/7 - A>T o [FEE DML P. densifora, P.
Asama 1 77 1/5 nigra, P, massoniana, P, sjylvestris, P, tabulae-
Kirishima - 3/1 — ] R .
Shirahama I — | 212 - Sformis THH LN, DT LR, THDHD

AOBHMENEREZDFEEKICHED DT
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Table 5. Grade of resistance of pine species to pine wood nematode

Highly resistant P. taiwanensis,
P. elliottii, P. rigida, P. taeda,
P. excelsa, P. strobus,
Low resistant P. massoniana, P, thunb.X P. masso., P. resinosa, P. tabulaeformis,
P. banksiana, P. contorta,
P, monticola, P. pentaphylla, P. strobiformis,
Low susceptible P. densiflora, P. nigra, P. pinaster, P. splvestris,
P. ponderosa, P. rudis, P. engelmanni,
P. oocarpa, P. radiata,
P. koraiensts,
Highly susceptible P. leiophylla,
P. luchuensis, P. mugo, P. thunbergis,
P. muricata,
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Résumé

The most severe damage of pine trees which is caused by the pine wood nematode,
Bursaphelenchus lignicolus, is widespread throughout central to southwestern Japan. Th-
rough a series of inoculation tests conducted to prove the pathogenicity of this nematode,
Kiyohara and Tokushige elucidated the difference in resistance among pine species to
this nematode. Since then, many inoculation trials were carried out to find the resistant
strains or resistant plants. For this purpose, it is important to survey the difference of
resistance among pine species, and so the present inoculation experiments was carried
out with about 600 trees from 30 pine species planted at Kamigamo Experimental Station
in Kyoto and Shirahama Experimental Station in Wakayama. The pine trees to be
tested were inoculated with about 2,000 nematodes per tree, except for some trees of
Pinus strobus and P. taeda to which about 2,000 nematodes were inoculated at three dif-
ferent sites, about 6,000 nematodes in all. Two and five weeks after the inoculation,
degree of oleoresin exudation, an early symptom of this disease, was examined. Wilt
symptoms were also observed at intervals for one year, and then nematodes were re-
covered from inoculated trees.

Results obtained from the present experiments were as follows:

1) In most of the trees tested, amount of oleoresin exudation decreased regardless
of the symptoms following.

2) Whether susceptible or resistant, which were judged from external symptoms,
correlated fairly well with a taxonomical group of the pine classified by Clitchfield and
Little (1966). That is, three species of subsection Australes tested, (P. elliottii, P. rigida
and P. taeda) were highly resistant to this nematode, and P. contorta and P. banksiana of
subsection Contortac moderately resistant. Resistance of subsection Ponderosae, sub-
siction Oocarpae and subgenus Strobus seemed to be low, though P. excelsa and P. strobus
showed partial symptoms that they had signs of latent resistance. Responses of species
in subsection Sylvestres ranged widely from highly resistant to highly susceptible.

3) When about 2,000 nematodes were inoculated, most of P. taeda trees showed high
resistance and did not die: whereas a few P. taeda trees inoculated with 2,000 nematodes
at three different sites, 6,000 in all, fell in sick to death. This fact means that the re-
sistances of host pine varies with the density of pine wood nematodes inoculated, and
so the resistant species may not be safe from the attack of this parasite when transferred
by beetle at high density.

4} Ininoculation tests conducted in 1978, the pine trees which had been inoculated
in 1977 but yet survived in good health were served for the test once again in addition
to the newly used trees. Generally speaking, the number of weakened and dead trees
tended to be fewer in the twice-inoculated group than in the once-inoculated group.

5} About 300 days after inoculation, part of each pine tree inoculated with nema-
todes were sampled to recover the progenies of the inoculated nematodes. Pine wood
nematodes were recovered from most of the dead trees and dead parts of the trees show-
ing partial symptoms, but not from the healthy trees or healthy parts of the partially
dead pine trees.



