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B £ By 113 2 (7 9(4) 48 (14) 53 (2) 101 (16)
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WO ®| 7oy | HEEFAER)
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B E R 441 91 84 (10) 130 (2) 655(103) 932 748(105)
it RREM (R
it 441 (91) 84 (10) 130 (2) 655(103) B2 748(105) 700
B R 409 (62) 888 (49) 524 (19) | 1,8210130) 520 (15) 2,341(145)
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THYY 5,390
Bgigt| 7oy | 1,750
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7. BE (BRR) FEF151 - S2EEE A
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5t 13 (6) | 46(16) [ 68(24) | 299(44) | 452(51) 961(61) 949(73) 1,251(42) 299(13) 352(11) 162 (5) 306 (9) 5,158(355)

1. BRENH (HER)
B # ES il ES ® (&R
B & B & 10.006~ |0.02~ |0.06~ |0.2~ 6~ 1.1~ 2.6~ A~ 7.6~ ~| & &
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T 49 (3) 2 () 51 (4)
7E%Y R B R
=
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OB R 1 () 15 (1) 16 (2)
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svauvy kA B B
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v, AEF (EEH, HEEHEED

7 = % 5 & B (@I
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it R 110(11) 111 (9) 343(13) 202(10) 58 (2) 65 (2) 889 (47)

AR 0 © 5@ 3 804(19) B W] 87 @D

saww TS 4 (1) 181(17) 134(16) 305(22) 24 (4) 64 (3) 98 (2) 13 (1) 174 (3) 997 (69)
L B B 14 (3) 19 (8) 37(12) 14 (4) 13 (3) 10 (2) 2 (1) 3 (D 112 (34)

W o B’ 11 (4) 3 (2) 32(11) 105 (20) 24 (6) 8 (3) 13 (4) 196 (50)
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TE R AT > R R B0 _RIREERARII DLW TO—RE UV ZIRREDEF L % Table 6, Table 91
RLTWE, INSDERDS b —RRUZRBERE OHEBIZED Sz,

BEAMAETES CEICFRHABRTERBLAET Y, Z7uxvyn 28R/ u—rOATERBRETYH, ¥
BT, $HEZLBEHEG 2 CRBRAEOEVICLD, EFRCKRELEHNH L I LNHLbIZER, *
DOFERE LT, MBRHEOEIIERARIHVP, RBZEORBEEROBELRESRI LI L 2RBL
jotS, BEFOMEEBIZZS L-BEEROBEVWIC LD > F, BELLAGELEERTILLRDH AT WL
20, bbb, DERICE L7 00—V RE, B Z % EOABNRME, [BLEOERCL 2 BOAMERE
EBHAECEELRIZL, TOEBHRbNL IO LEZSNDY, TRRE LD, 23 LSRRGS
FVEAESNEWEE L LIEFMEEESBEI AL bO L EZ NS, ABEOBRLBEL T, —RIIF
HEERE LRE (ARNERLSL) LORAFARYAMRKCBOTHREESNLZ b LRI NS,
ARBIIBENFR T b/ 720, FEl2HHIRETHY, SHROBESHREL VLI 3,
BEMSGOEFERBREEORNEF» 5 BRENERIZE, IVBOEREROZO L SEEE 72D

Ty, ~RRUZKBREDERESE 22 I eBNTHENLD, ABETEI) LEBRICRES2»-
720 BAFEHIX OMBROBHEMT X, S TRANT, HBLEETERL S, BEAN S Ltk s
HEBERITVRb0LEZLNDEY, _RRESHERERLEBELRLROFI% A2 &, fHHTH,
FREERR, FEILTEIRICSEARERL T, MERENTCHIBENS, KMOEROESH2 2L b5 hh
bi (Table 10), SHECHRLEDHS M T 2LEHH 5.

P EDORER, 58 - MENEHX OMRROBEFEEED HEEZ, HiBickvE0b2 2L 3EL 60
595, BRI O W TR L TAS &, &ﬁ%i?ﬁ?/;ﬁo1m,7U?/1M918mt&0,
BIRMBOBGEFE£1.0~10.0% T3 &, 7ﬁ7/1m0 nnm*7”7/“w5m 1%ﬁm DHEET
MR BRIETINEESEET AL LRD, THATVR DV TR YYIOHEL D B2 hiiBOHRRE Y,



—106— WABESWRHRE 75
Table 9. —RBESERAD —RKR P RRE KR P ERAZHEOBEEREDEFEH
s | BRARURR Do okBERE R | BRSHE " «
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HBF0594E | 88 5 7 —29 14.3 50.0 100.0 O
B 7 —lax 100.0 0 93.3
% 7 —204 x 16.7 20.6 91.7
H fif 7 —15x% 30.0 16.1 90.1
H W& 7 —170 25.0 25.0 86.4 O
W 7 —22x 16.7 10.0 85.3
B 7 — 2x 38.5 0 80.4
% M 7 —185x 57.1 0 80.2
W 7 —15x 20.0 0 78.4
H O 7 —22x 28.6 3.7 77.5
o 7 —199* 57.1 18.8 76.1
B fif 7 —21x 42.9 17.4 71.2
& M 7 —178x 12.5 37.5 66.9 O
B 7 —66 9.1 7.1 63.5
Wt 7 —17 36.4 0 60.7
FOH 80.1
F - e 64.2
HBFI604E | & ¥ 7 —191 66.7 5.4 79.0
& M 7 —204 16.7 20.6 78.6
% M 7 —205 80.5 83.3 77.0
a2 % 7 —36 50.0 0 75.5
&M 7 —199 * 57.1 18.8 25.0
&M 7 —185x% 57.1 0 74.5
' % 7 —127 50.0 0 74.3
H fff 7 —15x% 30.0 16.1 74.1
H 7 —l4x 100.0 0 73.3
&M 7 —174 66.7 5.0 72.0
& X 7 —24 100.0 0 69.9
5 | 7 —T74 75.0 0 68.8
B A 7 —39 50.0 0 67.4
& X 7 —25 11.1 54.5 67.0 @
W o7 —22x 16.7 10.0 66.3
¥ W o7 —27 100.0 0 62.5
% M 7 —82 40.0 0 61.6
kBT — 4 20.0 0 55.3
H fif 7 —22x 28.6 3.7 52.6
&K #H 7 — 3 6.3 0 51.9
W 7 —15% 20.0 0 50.0
&g % 7 —302 10.0 13.6 50.0
B %, 7 —143 50.0 8.0 48.7
H i 7 —21x 42.9 17.4 48.5
& p 7 —203 44.4 3.6 48.5
E B 7 —25 11.1 20.8 48.4
B &% 7 —216 14.3 0 48.0
&M 7 —173* 12.5 37.5 44.1 O
;KB 7 —19 10.0 4.8 41.6
% 7 —91 50.0 0 37.0
& K 7 —18 7.1 7.1 29.4
H fif 7 —58 40.0 73.3 28.7 @)
W 7 —17x 36.4 0 26.6
F ¥ 58.4
7 — & = Y 28.8
2 5% 2 —126 12.5 0 29.0
' % v —37 12.5 0 28.0
' % v —46 12.5 0 27.3
g &% 7 —112 66.7 0 25.5
S ] 27.5
F — ¥ =V | 28.8
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V MRBERNESOEECER

BB L - BREREERE OERBEL TT <Y, 207 Y ZAZTHOMBRRIENMRERE2E/RL, 2
THESNEFRIEREES L LTERSIND, L L, RBEOHEBRE D &5 RIS BHIER O,
BRI0ERDEEL STIERIE L2 RBLTH S, TOM, BEHOEMIZIZIE 2 5 CORERELLED
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Table 11. ##RBEHEMBISR I REREIC L 2 HALE

B E | F BE| B B |8 ¢ EEAR| LT | ILTE | RRK | #eX

FAhH=Y 59 |8 FH| 3 4,162 3,292 79.1 15
60 |\ H| 3 3,099 1,789 57.7 33
60 |[F1 K Iu| 2 3,774 549 14.5 17
60 (A & 2 1,171 65 5.6 15
61 |FIE | 2 3,907 82 2.1 15
61 |IE B 2 2,210 868 39.3 15
62 | FIEK | 2 4,001 55 1.4 17
62 A & 2 2,019 580 28.7 15

ra=wy 60 | B | 3 415 114 27.5 4
60 | FO K W) 2 440 11 2.5 4
61 | A0 #th| 2 1,515 46 3.0 3
62 |FIE L] 2 772 8 1.0 4
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Selection of Resistant Pine
Trees to Pine-wood Nematode

in Kinki and Setonaikai

Shigeru OKADA,"Y Tomoaki TSUDA®

Summary

Since 1965, the pinewood nematode (Bursaphelenchus xylophilus) (Steiner et Buvhrer NICKLE) has
been resulting severe damages (more thas a half million m’ per year) to Japanese red pine (P. densiflora
SIEB .& ZUss.)and Japanese black pine (P. thunbergii PARL.), especially in the western part of Japan.

Coping with these damages, since 1978, the breeding project for resistance to the pinewood
nematode had been carried out, and the resistant individuals which had enough resistance that was
comparable with those of Loblolly pines (P. taeda L.') were sought.

The objects of this paper are to summarize the breeding method and procedures of the selection
breeding, and the information obtained in the developmental researches.

1. Selection methods

Vigorous tree remaining in the stands with survival rate lower than 109 were surveyed. They were
selected as resistant candidate trees to the pinewood nematode based on the following standard.

The candidate trees were surveyed within the range of 25 km(red pine) or 4km(black pine) inland
from the coastline, because the severe damaged areas distributed in coastal regions.

2. Testing methods

The test was conducted twice.

The primary inoculation test of the pinewood nematode. The prefectures concerned and the Kansai
Forest Tree Breeding Institute examined the candidate trees on resistance to the pinewood nematode
by the inoculation test.

The secondary inoculation test. In the Kansai Forest Tree Breeding Institute, all candidate trees
passed the primary inoculation test were examined again on their grafted ramets.

The test was perfomed by the artificial inoculation of the pinewood nematode. The procedures
were as follows :

a. Scions were collected from the candidate trees selected according to the forementioned stan-
dards, and then the grafting was made.

b. These ramets were transplanted in pot before inoculation, in autum of the previous year and

ramets with nomal growth were selected.

Recdived September 17, 1988
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c. Each potted ramets were placed in the controlled green house so that test was conducted under
advantageous envirmental condtions for activities of the pinewood nematode.

d. The inoculation was carried out in early to late July.

e. The inoculation was made in a part of the current shoot. A similar scar trace which was made
just like an adult feeding of Japanese pine sawer (Monochamus alternatus HOPE) was made for each
ramet by the use of a knife and a small saw.

f. Water suspension of 0.1ml with the pinewood nematode being cultured artificialy, was inoculated
into each scar with a micro-pipet.

Five Prefectures(Hyogo, Wakayama, Okayama, Hiroshima and Yamaguchi) and Kansai Forest
Tree breeidng Institute participated to this project.

The schedules were as follows:

(DThe selection of candidate trees: 1978 to 1981
@Theprimary inoculation test: 1980 to 1982

®The secondary inoculation test: 1982 to 1984
@The determination of resistant clones: 1982 to 1984

The Kansai Forest Tree Breeding Institute and the five Prefectures selected 7319 candidate trees,
and in the primary inoculation test, 375 clones of red pine and 25 clones of black pine were passed. In
the secondary inoculation test, 32 clons of red pine and one clone of black pine were determined as the
resistant clones.

The results of analyses of data obtained are summarized as fellows:;

(DIt became clear that the resistance of Japanese red pines to the pinewood nematode was much higher
than that of Japanese black pines.

@It was recognized no obvious relation between the survival rates in stands with less than 10% and
passing rates of the primary and secondary inoculation tests.

Twenty nine clones out of 32 resistant clones of Japanese red pine, were selected from Okayama
Prefecture, and a resistant clone of Japanese black pine was selected from Wakayama Prefecture. So
the number of the clones passed the primary inoculation test from those two Prefectures Was more
than of the other Prefectures and passing rates were also higher too.

It was suggested that there might be difference in resistance to the pinewood nematode among
geographic pine populations.
®In the inoculation test for open pollinated seedlings of resistant ortets assertained, and ordinal plus
tree clones, survival rates were higher in passed clones than those of plus tree clones. Inoculation test
of open pollinated seedlings of some passed ortets were carried out twice in two years. And there was
a possive correlation between the family survival rates in both years.

As mentioned above, it was confirmed that there were heritable nature of resistance and positive

effect of selection for resistance to the pinewood nematode.



