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Analyses of Needle Cast Disease Resistance in Japanese Larch
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Frequency distribution of infection indexes of individuals from crossed
families between moderately resistant clones and susceptible clones.
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Frequency distribution of infection indexes of individuals from crossed

families between susceptible clones and moderately resistant clones.
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Frequency distribution of infection indexes of individuals
from crossed families between moderately resistant clones.
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Table 1. mRIEHHE, hEERTE, BZEOLA T LUy aRict 3HAORRE, RENEERERE
Mean infection indexes of the diallel-crossed families among s
needle cast disease of Japanese larch (Nagano, 1974)

elected resistant clones for the

o8 R - S o & M B2 W T N
Pollen Resistant Moderately resistant Susceptlble - | -
5 i ~— ! - | Mean of | ean of
Seed trees T~ | TR-1040 1 TR-1074 | TR-1056 | TR-1014 | TR-1051 . TR-1011 | TR-1019 half-dialle] “ seed trees
— ‘\ ‘ ! 3
6.60 | 8. 38 9.18 15,17 10.56 | 7,74 12,14 -
TR-1040 420 | 8.06 7.36 21, 60 6.67 | 7.80 12 10. 21 9,82 j“
11. 60 8.68 10.39 | 9.00 IEREIEY 73 =
| - - : ~
o e e 11.83 | 8.20 6.94 12.89 18.76 7,09
s N s G i | © :
TR-1074 11.53 | 9,20 11.20 11.25 11,19 13,13 | 5.88 11.18 11,45 2
Resistant | 10.50 | 13.00 10.86 15.48 | 12,47 14.86 | 12,44 &
- LI S
18.17 12. 49 12.60 | 21,0 15.03 10.33 12,34 S
| TR-1056 12,22 12, 97 16.60 | 13.07 10. 80 7.47 8.87 11,14 12,14 ‘if;%
| 8.78 16.11 | 5. 40 9.18 | 159 3.33 7,14 a3
s £
« 19.22 | 5.73 | 11.00 | 13. 63 15. 35 8.17 11,52 S
TR-1014 | 5.79 | 6.28 10, 42 7,27 14,30 6.14 11.37 13,68 11,45 =
, | | ! ; =
OB ST L | 9,22 6.79 | 34.57 9,00 13.71 13. 62 14,35 | ~
S S U S i =
Moderately ) h P e . i Lo - 5 | =
resistant 11,51 10,57 10,44 | 19,47 J 16,00 7.92 | o
TR-1051 | a 9.86 10,50 8.22 | 8.25 9,69 11.84 11,30 =
‘ 6.06 | 10.80 16,14 12.53 19.13 8.76 z
5,78 10,66 16,25 15.50 | 15,17 23,50 10,60 B
TR-1011 7.72 7,28 14.53 13,36 12 15. 50 8,57 10. 99 12,06 &
W= bk ; 8,43 | 9,44 16,75 11,42 | 5.44 11,50 13.09
| | H
i 77 - i T
Susceptible | ! 7.50 | 5.00 27.25 (3.00) | 22,67 10.71 (3.50)
TR-1019 9,60 | 8.82 12.00 | 19,35 13,00 10. 29 13,90
H i
| 12,17 | 9,91 29,25 i 15,00 6.80
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() BES 1RGOV TE N EFROREBHEET, B LEEICRMA TR, Doesn’'t include the mean values.
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Table 2. o, MEHERML L ORZH v~ VORRMEEFIC L SRR VLR RE
(B &ML, BXRER

Mean infection index of various cross combinations with different degrees
(except selfing and resistant X susceptible)

W, W, BROREMAY % % % | N 2 W
Cross combination No. of family infection index Rank
R X # R 6 10,59 2
® R X ih MR, P MR X # R 12 12,09 3
h MR X 1 MR 2 13,94 5
ft MR X & S, B S X i MR 7 12,60 4
WS X & S 2 10,47 1

) RS R

: Resistant, tf : EEH M MR : Moderately resistant, & : &2 S : Susceptible.

Table 3. GEGLE, thEEIRDUME, BRZHOF4 T VL7 0o RiCkd 5TEHD
AT VDA
Analysis of variance of infection index of half-diallel-crossed families in Table 1.
Source of variation af SS MS F
— LA
Generai COAIélbining ability 6 179.160 29.860 1,119
’%E%ﬁ = J@H*j] ook
Specific cgmbining ability 14 873.609 26.686 8.244
Replicates 2 36,203 18,102 2,200
Error 40 329,055 8,226
4
Total 62 918,027
Table 4. JFEME 5 7 o— v LEHMLS 7 0~ v EOREIC X ZEADERI,
FE R RE
Infection indexes of each family from cross combination between
plus-tree clones and resistant clones (Nagano, 1974)
ot % 38
Resistant clones T R-1056 TR-1074 T R-1030
) (pollen) RN 2]
| = & A | o1
BOE B 2 Replicates Replicates Replicates Mean
Plus-tree clones 2 3 1 9 3 1 2 3
55 : = =
Us}fl.ljda 5'_' 11,5 11,55 | 14,30 | 24,90 | 14,50 | 17,17 | 18,05 | 16,55 | 10,00 | 15,397
BERELZE c - . 5 “ . .
Twamurata 12 20,45 | 16,15 | 18,80 | 19,25 | 11.58 | 19,65 8,15 | 22,351 17,05 | 17,048
Ly =
E H29% . . .
Iwaiurata 29 20,20 | 13,80 | 16,85 | 14,05 | 10,26 | 11,90 4,90 4,67 5,40 | 11,337
BIEA 3 B - ; , .
Minamisaku 3 10,35 | 12,70 | 11,84 8.90 7.74 110,89 | 13,85 | 11,85 | 11,53 | 11,072
LA 55 . .
Kitasaku 5 10,17 1 15,93 | 12,72 | 26,87 | 12,78 | 20,11 9.83 | 16,19 | 18,06 | 15,851
14,491 15,370 12,562 14, 141
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Table 5. ¥4 5 7 v — v EREIBHRA LY & OREIC K L HARDZRA, SIS R E
Infection indexes of each family from plus-tree clones crossed with mixed pollen
of plus-trees (Nagano, 1974)
e Replicates ) " 3 S 1y
P i T 4 Mean
Plus-tree clones
[ M 5 % : Usnda-5 22.10 13,20 15,45 16,917
A 125 - Iwamurata-12 32,60 22,60 32,53 29, 243
EHH 295 1 Iwamurata-29 38,21 24,90 23.10 28,737
FE{EA 35 : Minamisaku-3 11,84 13,65 13,28 12.923
dbiEA 5 & ¢ Kitasaku-5 12,72 9, 44 12, 56 11.573
S ¥ : Mean 23,494 16,758 19. 384 19.879
Table 6. Kifihl5 7 o~ O HRZEIC K BTHADE SR, KEMNVERRE
Infection indexes of each family from plus-tree clones after open
pollination (Nagano, 1974)
T R #m o
. Replicates ’ 2 3 | ¢ #
e I | Mean
Plus-tree clones T .
FH i 5 % : Usuda-5 35.56 28,17 15,85 27,527
Bk E12%  Iwamurata-12 28,95 17,75 17,95 21,550
A H29% - Iwamurata—29 26. 60 14,00 24,35 21,650
A 3 % Minamisaku-3 12,95 18,10 17.05 16.033
JufE A 5 % Kitasaku-5 25.22 11.64 18.19 18. 350
SZ g . Mean 26,456 17,932 18,678 21,022
Table 7. itk OBEE UcBREIC & B HEC & DR RM &
Infection indexes and number of family in each cross grouped with
seed trees by the degree of resistance (Nagano, 1974)
; Z R W 7 # Replicates »
B % Ror & 8 Replicate -
Groups family . P 3 Mean
S S 1S 7
Resistant and Moderately 24 11.95 10, 34 12,16 11,48
resistant
% Z 2 22 12.85 10. 63 12.02 11,83
;uscepﬁble . : cYe <o
i R : . o .
Plus-tree clonesX Resistant = 13.35 13.02 14.57 13.64
R O TR S
Plus-tree clonesXmixed 5 23,49 16,76 19,38 19,88
pollen of plus-trees
BHEMERZR
Plus-tree clones by open 5 24, 46 17,93 18,68 21,02
pollination
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Table 8. &Pt OBEE UIcBEIC K 28 LBHNEREZER & Ui a#arir

Analysis of variance of groups in Table 7

Source of variation af SS MS F
JZ i Replicates | 2 194,112 97.056 5, 450%*
% % Families | 86 6,541,082 76.059 | 4,271%%
pita 5] Between groups 4 1,933.991 483, 498 8, 605%*
{ BNHE % Families within gropus 82 4,607,091 56,184 3. 155%%
% (Fu v b)) Error (plots) 172 3,063. 099 17,809
é?; {71& Totdf 260 9,798, 293 ‘,

L, /INETRZMWEDFES, DOTHEBXENSOIRTH 5. 44 hr &5 5 AIZESTYE & BRSO
R RERRE &% X ORI U RZR T H » 7o, JES EZRBPEIEE 7 — 4 & U THERDHT LIcR
i3, Table 8 & BT, BMBIURNZRICHEEENED NI,
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50 ERF DM 1, 49HMEZ DU IHAZEAE S Lc TR ENcDT, WASKE (AERLUTHIK
THEOHMSBC U, BEEEEL UBRETHET — 2 X0 SBEQBVLF —2 &5 bk, Lk
BT, B0EICEOSNIT — 2 DIEITIE, 49HEDF — 2 h 5HE NI BT 2REICE Ei,

RIELEBRIC, £ 4 7 Lovsaz2ico0ToREC & ERAPRERELEE Table 9 LD TH
D, WEOSBSIORRE Table 10 D& BV TH 5, FHEORKRERELD, HEMASEINICTIEE
MWD 5T, WEFETEL - e—BlAEiENicEEESHY D, R) V— Y OBRYEIZD
DY an

50T, BAEOT — A MBBERRE, COXA T LI o ADT— 2% 2BHCIKS L, HEEE S5 2
VEELUES 7 v - v EOREEREE (RE T EERAFEG Table 11 1CRY), BEME/n—vE
BEBRATENIC X 2R ERE (EC L FRIIEEE Table 12 10R%9), B OREME /v —v
DH%@MX%ﬂ(&&C&K% E1: Table 13 IKRT) KOWT, B BISEEBOREE B 18 -
7o

BREBIOVEMEL Table 14 IORTEBDTH Y, TONEDIITOMRER Table 15 0EB0T, #
B, BARREBICERTH -0, ik, COHBITICAT — 21, BIET EFRINCRDIOES
IR MERRE UIETH 5,

AIEORR IR L TA S &, Khitko 2 8, $78b b« PRPIE BRI X D & X O EOEE IR



Table 9. RiEpuiE, PEEITHE, BREEOLA 7L v o 2L ZEAOER, KENSEERER (BESHE)
Percentage of infected needles of the diallel-crossed families among resistant clones for the needle
cast disease (Transformed values by arc sin; Nagano, 1975)

I i # WO O M BB OB B - S T
Pollen Resistant Moderately resistant Susceptible From SR i & R
5 i : M_ear} of Mean of
Seed trees "S- | TR-1040 | TR-1074 | TR-105 | TR-1014 TR-1051 | TR-1011 | TR-1o19 | half-diallel | seed trees
14,42 | 13.39 12. 84 15,19 13.08 12.99 11.45
TR-1040 | 12.87 | 17,61 18.14 17.36 10.24 | 21.71 17.80 | 14,20 | 14,33
L 11,25 14,51 12, 44 11.67 9.47 i 18.82 13.58 |
.\ o 11.38 | 12,92 9,97 7,34 14 18, 44 8.04
1S 7 - : 181 e
TR-1074 14. 40 18.35 18.62 9.02 | 13.50 14. 53 15.75 14.29 14,32
Resistant 10. 80 21.13 13.26 7.50 14,09 15.91 12.62 |
12.79 16. 30 6.52 18, 34 16.32 14,41 23.58
T R-1056 6.50 13.77 23.96 17.91 10.18 17.48 17.98 16,16 15. 49
| 14.35 9.54 16.03 17.33 17,98 19,70 14, 44
15,89 18,31 15.90 10. 71 20.08 8.28 16. 70
TR-1014 13.72 13,93 18.11 18.17 15,21 16. 94 15,70 15.71 15,47
ol e
O B 7,60 11,46 13,33 16,57 17.88 15.30 15.07
Moderately | 12,28 14,30 11,71 16,06 | 1840 17, 24
TR-1051 | 16.68 16.43 13.76 10,72 22.72 15,97 15,07 15.01
I 15,30 1 14.34 10. 90 17.63 | 15,91 9,82
| | N
15.37 16.33 | 18.51 21.46 16.41 | 22,75 } 19.39
1 {
TR-1011 | 17,04 11,25 15.58 13,55 16,51 | 18.44 17,94 17,55 17.59
& = M | 19.52 16.97 13,27 14,32 20.82 | 21.97 21,96
Susceptible ] 20.19 9.54 33.16 (14.59) J 17.04 14,88
| | | b ]
TR-1019 | 1236 17,46 14,48 | | 22,21 | 16.54 | (12.23) 16.39 16,99
| | | !
l 15,52 10,11 11,54 | | 2358 | 16,18 |
& ¥ BH s | 5 596 | 3 | . -
 Mean of pollen trees | 1882 14, 66 15.33 | 15.05 ! 15.98 | 1273 | 16.39 1
O)  FEE L ERFEODOWTH oM RO VIGRERT, L OFHEITEMA T, Doesn't include the mean values,

VRO R~ £ i

T
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Table 10. WgiEbilE, hEREYE, BZHEOL4 7 v 7 aicED
LHHEDE A T vvDSESR -
Analysis of variance of percentage of infected needles
in half-diallel crossed families in Table 9.

Source of variation daf SS MS F
—s i EEEe /1 General combining ability 6 182, 1490 30, 3582 3. 29%
HEMAEEEH  Specific combining ability 14 136, 7344 9.7667 1.06
) 1% Replicates 2 41, 8065 20,9033 2,27
E #  Error 40 368, 7044 9.2176
2 ik Total | 62 729, 3943
7 uy PP Individuals within plot 1,480 36,224, 0700 24,4757

Table 11. WEME 7 o~V EEPIMN: 3 7 v — YOREIC K 5B ARD KR,
BRI s (A B D
Percentage of infected needles of each family from cross
combinations between plus-tree clones and resistant clones
(Transformed by arc sin; Nagano, 1975)
T 3 . - . S
R - TR~-1056 TR-1074 T R~-1030 Mean
32.98 16,26 16,42
Fl i 5 5 : Usuda-5 17,76 21,48 21,18 19,77
16,81 16,45 18, 54
L 15,31 21.36 11,52
|
HEHRHL12%E - Iwamurata-12 23.42 16,71 15,20 17.41
18.79 17,13 17,28
17,85 19,25 17,32
EREH29%  Iwamurata-29 20.77 18.55 15,02 17.53
18,73 14,22 16,11
16,53 28. 50 21.73
BAA 3%« Minamisaku-3 21.89 28,24 23.82 21.78
12,72 17,96 24,61
17,21 18, 35 19,87
Jbdie /A 5 = : Kitasaku-5 25,53 22,97 20, 60 | 20,49
17,19 21,00 21.71 !
S 14 : Mean 19,57 19,89 18,73 l 19,40
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Table 12. WM 5 7 v — ¥ DFERHESIER OZEIC X 2 W ADRRA, RIEMN
SEIRTER (Y R
Percentage of infected needles of each family from plus-tree clones crossed with
mixed polkn of the plus tree (Trdngformed by arc sin; Nagano 1975)

~~___ Replicates 1 5 3 S =
Bk M T - | Mean
Seed trees T I
|5 & : Usuda-5 14,93 13,62 18.73 15,76
ERH12E : Iwamurata-12 22.93 19.71 18,99 20, 54
EAM295 : Iwamurata-29 21,06 21,42 23,98 22,15
M 3 B : Minamisaku-3 17.69 18,87 | 21.51 19,36
e 5 2 ¢ Kitasaku-5 23.92 19. 42 1 16. 40 19.91
R 1 : Mean 20. 11 18, 61 | 19,92 ’ 19,55

Table 13. $HEBI5 7 v — VO FRZIIC K 2HADZ R, IR
SEERRRER (B D
Percentage of infected needles of five families from the plus-tree clones
after open-pollination (Transformed by arc sin; Naganc, 1975)

[ B iR 1

) T Replicates 1 | 2 3 F S|
£ Haf e | : Mean
Seed trees — l i
M/ 5 & : Usuda-5 20.15 16,16 20,59 18,97
R E12% : Iwamurata-12 ] 22.73 23.72 20. 88 22,44
A HA29%  Iwamurata-29 \ 23. 61 19,43 21,13 21,39
Bt/ 3 7 @ Minamisaku-3 ! 22.76 21.84 15.09 | 19,90
Je#EA 5 5 « Kitasaku-5 ‘ 19. 28 18.56 21,60 | 19. 81

S 0 g Mean ‘ 21,71 19,94 19,86 20,50

Table 14. EHiMEDRS U BEIC K 28T S ORRY & EEREER (yEEHRE)
Percentage of infected needles and number of family in each cross grouped with the
seed trees by the degree of resistance (Transformed values by arc sin; Nagano, 1975)

EE N Rc llcdte&. n
"o % REE | R # Replicates o
ITOuUpPs family ) | 5 3 ean
M, him B M ]
Resistant and moderately 24 14,73 15,48 | 14,30 14, 84
resistant | i
% =7 P 3 17.1
?Llsce%tlble 22 18.13 16,94 16,43 17,17
)R Bl Pk 5
Plus-tree X Resistant 15 21.45 21.39 19,39 20,75
BIEDOEERNE S |
Plus-tree clones crossed by 5 20.50 19.48 | 20.18 20,05
mixed pollen of plus-tree |
clones
BEEERZH
Plus-tree clones by open 5 21,70 20. 09 20. 00 20, 60
pollination
VVVVV L i
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Table 15, EHVEOBEE L-BEIC X 23 EHNEREERIC Lo #antr

Analysis of variance of percentage of infected needles in the groups in Table 14

Source of variation af SS MS F
)d 8 Replicates 2 95, 8396 47,9200 4,278%
% % Families 86 3,067, 6009 35, 6698
pitd il Between groups 4 1, 624, 2691 406. 0673 23, 0699%%
{ PNFEFHR Families within groups 82 1,443,3318 17,6016 1,5711%%
st (Fu vy 1) Error (plot) 172 1,926, 6415 11,2014
4 fk Total 260 | 5,090,0820

Table 16. HHF— 2 ch BT LDBEMLER
Estimates of heritability

P G -~ <
W %l Data B Heritability O S}ZMean ¥
1974 1975
AR ESA 7T Vv , )
%ﬁi@%ﬁilﬁl crosses of resistant clones L.2% 15. 3% \ 8.5%
LIS IR S 19.0 10,8 14.9
Plus-tree clones X Resistant clones ) ’ :
Ik X BEERES
Plus-tree clones crossed with mixed pollen 72.6 44,9 58,8
of plus-tree clones
BENAOAZTY

Plus-tree crossed with open pollination 9.4 0 4.7

U, BfEL D SHONEEE 55D Lice L L, 494EI0E T EHIE 2 BHCIRO T 3 Ao RFALE
ERL, RY I~ YOEREND 50 SNARIH AR O R IL, 50 4FIC IR & MBIRDREIH X
HIBR OGS SRR ARTRO 2 B L RABEOMEE R Lic. CORRIE, R I—YOERDRLO
BEPSNIZV. LALIEIBN XS ICE0FEDT — 213, HEHAT ORTEH#IC X » TERBRRE
WRELE DT, 2D ELOBELEZ DG,

4. FERUEDEGEROME

49, 50 lEIZ Dz - T, HREMABTEERF G THRONIT — 2 b 5B{#%E KD THE Lic. EiE
ARSI, FHEO &4 7wy n 2k L Table7 0% 3, 4, 58T, Table 16 ®% 1 #liTR
L7zo

FHROLA T LI a RTELNIT ~ 2 KDV TORERIE, —BEAEREHDEEFYH O AR
ZhEDE, —BLAEERIOSEERD, TOMEE 44 L TEIRICTT 2 ESEE LTRdI. HE
BEORBUEIC DD T, S TEREA ER & Lz RS MOS8 E B 2120, OIS0k
REMC d EDWTRHEMIOECE R, ZOMEE 4 5 LTS T 2 HSRE LTRDI, B 28
i3, BEEBERE Ule—naBiosiais s iy, o NEFH O PRSI &S0 TR S
sk, ZOHEE 415 L TESRICET 2 EARE LTRD I,

CD4FEOBIEROS B, FEDLA T Vv2 o ZDMC20TIR, B, P8R bICERERTY
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DT, BAOBERPTERING. i, MBI DO T, P Uiz stk & A70 X
NDBEE A T2 TOREETH 205, EBREMEEERTOE0OT, FHEOZ A T Vv Ric
DNTERDOBERNTHRIN S, 3D 2 %3, TEREMEAGIERE ARZRO BRI TH L0 5,
BoNLMEOBLEOEZT/NS L, HOomMBEE SIERICB L TRARETH 5 &0 5, HOERE

MBI %,

BONIEIEEE Table 16 LBV T, #NFHOMFHC L - T, WFEMOERRAE . REE
T, LB EOBERSAE SN BER S 7 0 — v R E LEATEMEFIRZBO 2REICEB 0 T
i, RBIERDOE R A RIE S S B EEA R Lol U, BB AR TII 49412 3%, 5048

BIEETH - 720 MFEOBEROERFER, MHOBAERICEZ TN, BEOARIRNICLILD D
EDEHICE L OB IR INTHRAERELTVWAE EEZLNLDT, EFEZE 0. L, <
RIZDWTH, 4947 72.6%, BOAE 44.9% SAFRAEN 27.7% b H 0, BEHSBEN2D, —lic
1350% PITOBEREEZ Db BOBILED HEEENG LN EELoNITHOI AT Lvs o
ADF— 210 s ESGEERE, BRI T — 2 &0 CEERE, 0INE 20% LT TH
EBDTH -1,

D&

5 MEABSRIAISTHEOAIT — 2 OB

PIFo Table 17, 19, 21 3 X ¢ Table 23 iRI4ES & DEE O REOFAMIE, FRAHAC
2 RIEORMETHEEREE SRR T, k& BRELEx, BIER, RRIMTFHL, &6
CHERBAICFE UETH %o

Table 17 I3, FHH 7 0 — YO [IRZNE L PR & UTHREIEGIER (RFE XSS ERL) B
CHEFE 2 v — v %R L TE S NHRIC DN TORINETS 50 Ko SIEMBRIC L 2% %

2, AR B X EAERIC Fd D BEWEZIR Uco BEINE LT, BR 2kt (27 a—2),
TERER 6 7kME (M5 R HARZER SIROARE 20210 1KY, HRPES 7 o — v 2 3KkHEE Lic) &L,

EOICBREE UTAERT 2 KEEL INA 7o Z000 MO i B8 278 - 7ok i3 Table 18 2B D TH
bo CTT, ZRINCENS EDONIEN - TDT, FBHETS - TR & TEEE i U, TE

Table 17. M3k 2 7 o — O ARZH EHERBEATER B L ORHME3 7 o~V 20
ARENC 3 D A DA O &R R BV RS
Infection indexes of Ecl(,h family of two plus-tree clones. They were open-pollinated,

and were crossed with mixd pollen of plus-tree clones and pollen of resistant clones
(Tohoku, 1974)

i ¥t Pollen
£ Aaf 8 HRE TR A
as J REH R AR can
Seed trees Year Open pol- Mixed pollen of TR-1056| T R-1074| T R~1030 Mean
N B lination |plus-tree clones|
HHS &5: 1975 37,0 35.5 21.8 31,4 24.8 30,1
Usuda-5 1976 | 30,5 18.5 16,5 17,4 23.6 21,3
BRE12E 1975 | 33.6 38.9 26.2 18,6 3l.2 | 3.7
Iwamurata-12 1976 i 20.1 24,1 12,7 14,6 18, 4 18,0
ORI SE B e 1975 35,3 37.2 24,0 30.0 28.0 30.9
Annual mean 1976 25.3 21.3 14,6 16.0 21,0 19,6
S f] Mean 30.3 29.2 19,3 23,0 24.5 | 25.25
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Table 18. HHEA 2 7 o— VO ARTH EBREHESTERB LT
&S 7 v — v EDREIC DN TDIESHT
Analysis of variance of the data in Table 17
Source of variation df SS MS F
4 Year 1 1,269,003 1,269,003 4,183
F£HNE Replicates within year 2 606, 764 303. 382 13, 854%%
B # Seed trees 1 6.972 6.972 <1
1t % # Pollen 4 661. 704 165, 426 7, 554%%
4 %* Families 4 144,157 36,039 1,646
4 Year X JH# seed tree 1 59,780 59,780 2.730
4 Year X fERYE pollen 4 105, 391 26, 348 1,203
4 Year X % family 4 67.868 16. 967 <1
B 2%  Error 18 394,161 21.898
4 {& Total 39 3, 315. 800
Table 19. W@iEHiHE, FPEEERM:, EREZHERO LA 7 Lvs o AEAROET EKFRI]
SERR B B X UIEAL
Infection indexes and yearly ranking of each family from cross combinations
among selected resistant clones (Tochoku, 1975 and 1976)
) o B
tien” sty Moderately & ot
~_ resistant usceptible
B
Seed trees \ TR—IO40‘TR~IO74 TR-1056TR-1014TR-1051T R-1011|T R-1019
@ 2.9 42.5 () 51.7]@9 71.4(9 53.0
T R~1040 ) . -
14.8[3] 11.3 [9] 14.5|[17] 16.1][28) 30.1
WOk oM T Rt07s ®) 4. (®) 47.4(19 59.2([®) s8.0 @3 63.0
Resistant ‘ 12, 16,9 [16] 15.9|[10] 14.5 19.0
T R056 50.9/(5) 46.5/(2) 54.2 @) 70.7 60,0
] 14.6[1] 6.3[2] 25 [t4] 15.1 [20] 18.5
I @) 61.8/(2) 46.3(2) 57.9 54.7/(29) 63.5 (1D 53.2
HEE IR B [6] 12.8/[7] 1311 25.6 14.7 19.3/[26] 21.5
Moderately
resistant @ 47.8(3) 54.6 @ s5.0 65.3
TR~-1051
[19] 17.¢/[24] 20.9 [5] 12.6 [25] 21.2
ﬁg % ¥ | rpoon 63.3/(16) 55.2 1) 60.2 73.5
usceptible 19.4/[15] 15.5|[8] 13.7 31.6

) _EBI9T5EE, TEITEED T — £ TOLONBFRER OEREDIHAMERT .
Upper indicated the data of 1975 and bellow the data of 1976, and ranking is in each year,
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Table 20. MEhil, TEEHME, BEMEOLA T LA 0 2k ()
DN T DL BT
Analysis of variance of the data in Table 20.

Source of variation ar Ss MS F
4. Year 1 3, 696. 233 3, 696, 233 23. 604%
HEPNFEE  Replicates within year 2 313,178 156, 589 7, 057%%
# Groups 1 770,203 770. 203 18, 487%%
PENZX%  Families within group 27 1,124,841 41,661 1,877
4E Year X #f group 1 0.051 0.051 <1
4 Year X PFWNFE R families within group 27 774,786 28,696 1,293
@ 2t Error 56 1,242,572 | 22,189
4 {f Total 115 7,921, 864

Table 21. ZHEE/ & TR 1004 & OB HEDIET LR R ERRBE
Infection indexes in two years of each family from plus-tree clones
crossed with pollen of TR 1004 (one of resistant clones)

. —_— £ Year L5 B | ¥ 1
P T > 1976 Mean
B Seed trees e
= B 1 & :Toono-1 30,1 14,0 22,1
wm B 2 & :Toono-2 24,9 18, 4 21,6
B /A 11 & : Shiroishi-11 24,6 15,2 19.9
= 13 %5 : Shiroishi-13 26, 4 18,4 22,4
B [ 2 B :Moricka-2 24,9 16.9 20.9
B 13 & : Morioka-13 20,7 14,5 17,6
#9 s 34 B : Abashiri-34 25,1 18.6 21.8
& HE 1 & :Oozuchi-1 24,0 14.5 19,3
< # 3 % : Oozuchi-3 28,0 14,3 21,1
fE #& 1 B :Iburi-l 27.8 16,1 22,0
fE 1 B : Nakaniida-1 29.1 16,7 22.9
ERE 4 B :Iwamurata-4 25.6 15.8 20.7
JI # 3 & :Kawai-3 27.8 18.1 23.0
A ¥ Mean 26,1 16.3 21,2
Table 22. KIEVHE TR 1004 & DEEIC DD T DA
Analysis of variance of the data in Table 21.
Source of variation af SS MS F
4 Year Lo 1,246,561 | 1,246,561 4,136
HFEWNFIE Replicates within year b2 602,847 | 301, 424 20, 423%%
£ il Seed trees 12 113.579 9, 469 <1
fE Year X R (223%) seed tree (families) 12 107,779 8,982 <1
B 7% Error 24 354,223 14,759
4 &k Total 51| 2,424,989
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Table 23. thEEHEHUMES & ORSEMED RIS & SRIRBUYE,  hBEREHUE,

Infection indexes in two years of each family of various combinations

| i3 ¥
fiis T 4 ? I
Seed trees Year TR-1004 T R-1006 TR-1013 ; TR-1014
R-1 R-2 R-3 ‘ R-4
1975 27,0 28,1 j 26,6 | 23.5
B/ #% 9 Ryugamori-9 (M-6
o & yHe (M-6) 1976 14.6 12.4 16.2 11,0
1975 24,8 31.3 27,8 20.5
A% 5 Ryugamori -9
e i yue (-9 1976 29.1 14.9 18.4 20.0
- 1975 25.9 29,7 27,2 22,0
£ RINEYS  Annual mean i
1976 21,8 13.6 17.3 15.5
SE ¥4 Mean 23.9 21,7 22.2 18,7

Table 24. it s J CRZEONR Swikiil:, PEEbil:, B2k
DTERE & ORZEEIC DD T DS

Analysis of variance of the data in Table 23

Source of variation df SS MS F
£ Year 1 2,022.061 2,022,061 4, 206
SENIE  Replicates within year 2 961, 538 480, 769 19, 82¢%%*
i #  Seed trees 1 320,000 320. 000 1.922
T ¥y B Pollen 9 987,878 109, 764 3.616%
% % Families 9 273.155 30. 351 1.252
. Year X £}l seed tree 1 166, 464 166, 464 6. 865%
4 Year X 1E¥3 pollen 9 247,794 27,533 1,135
E Year X FH family 9 212,146 23,572 <1
FES 3%  Error 38 921.462 24,249
4 f& Total 79 6,112,498 | ;

BEEICEREL Y 6N, IR X - TRRENMES B - 2 EBM O NI oo 18, &R
EER LR ORBIERITED SN - 7o,

Table 19 &, WIS 70—y, hERNE2/70—-y, BIURZIW170—v (BRERELT
270—~2) OFF6 7~y (QEBBEIZ7 70~ V) CXB54 7L v/ n ATELNIHADRRE
O, FCERRMFELETE 20 &R EET 2 &, BRIERBEORLIC X 28520, OFRLDIE
WRBIREZR LTS, KAESZ WD, FRIED LA T Lovy a AN EINTRT 210 OT, MikH
Wy n— VEARORLIC X 2 KR E, TOMORRIITH, T OBMNEEHNEREZ B J CEKRE
%, TRELRNEREOZEERICER UTHESITE Uiz #5813 Table 20 0 B0 T, FZER
HETHY, BEHEFROZREERSROENMN TS 5 ¢ EnfRE NI, T, BAEREEZE LT
FRZOBETH - 710h, HLRMERE ORBEAERICIITERERRD SNIEh -

Table 21 13, FF2ef 13 7 v — /S L, IS 0 — v TR-1004 27008 & UCRE L
RIZDWT, ZEMICDI > TRE L-RBBEQIEC ERRIFHEETS 50 &R E UTRFEIREL,
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D TER I & DRELRAR DA C & R BIEE FE R EE
with different degrees (Tohoku, 1975 and 1976)

PO]](—‘H o
: T o] Nobeii | Mean
Ryugamori-2 Ryugamon 9 Kesennumd 1 Ryugamon 1| Ryugamori-5! Noheji Mean
M-5 M-6 M-7 S-8 S-9 | 5-0
26,5 | 29,4 28.9 29,9 ‘ 36.1 27.3 28,3
12,2 | 16,6 17.2 18,2 16,2 19.5 15,4
29.2 27,3 24,3 37,3 34,1 37.8 29,4
13,4 17. 4 20,0 29,4 30. 1 30,1 22,3
27.9 28.3 26.6 33,6 } 35 32.6 28,9
12.8 17,0 18,6 23.8 E 23 24,8 18,8
20. 3 22,7 22.6 28.7 l 29 | o287 23.8
- 77’77 |

1B D O DIESE B DB E - 1o & e N 2 B 2 BRI U Tt Lo Table

22 OEBHT, BHEBECEEEESED ONT, HEM, 7o YHIKsT AP0 ER/E 0T
EDHER SN T T, EREOERTHL, AL EORHERICEHEESRO SNEHh - o

Table 23 (3, thEIHIMLEL 7 o— v, BZVEL 7 9 — VORI, WMEEHME4 7 2 — v, fEEE
37— VEBIUOEENLS 7o~ vEIBRE LT LTS NWATEARD T — 4000, BT EFRIPE
BERE A Rl CORICY LML IT PAEBBIC & &5 CEROVHEEDE . SFHOMT D
2R3 Table 24 O B 0T, IBHEBZICEREIHRD SN ic, 88, LR EOF HIEEBEET

HY, COMETHBEEEARE LIECS, EEZED SN, -7

6. MEHKBREILBES THOoNIT — X OFRT

BhibEl v a—v, hERYM 2 70— VYBRIOEZEL 70— vositd Jo— v T4 7 vvsnm
AWBTIEDONT o BRLEHAORNEE R ESEY TREINTVLEOT, il MEOidmEEL
co FFRIMNCFHIFEEIT Table 25 1IR3 E B DT, B30 &SMBMIEIIETH 5 O DERMIE
PLMETR LTI 4 7 Lovy o 2ich &3 AT osi R Table 26 0 & B0 T, —FilAE
M NCEER DD SIS0 HEMA R INENE SD THEE L >TVDEH, () THRLEDEE
TICRA S XD ICHESIERICB LB AR NP TH D 71805, MBHOEREE I ST, &5%
DOUHARBBEDH 7 AR EN 2o Lpd, ZORPTEEREARERALT D 7 v — Thk s
Too BEICENZNOFRBEWH D DY SN THENE, FEAFELE LTHNE - THUSIT L &I
&0, FREREORHEMEMEREL LT, ERERENSTE 2, LbL, EELEFRBE OO TEE
WL, 77— 2 BRBRICAN AR SEARZLE TR I N b0 L MR L TRk -Tc. 2D,
FRNEEREBRERE UTRE Lice Led o0, —KILEORET, b EiROBES SOEEH A
BB ERE Lo &K 20T, B30 SEHARRINEEL > & HETE T,

2

7. 3HEEOZEER

E¥, Wb, Jb¥E O 3HRTIE LT s Re & D L, HsEFRORASEHOH RIS
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Table 25. WU EIRHIEEABIH 4 T L) B ATHENEF— 2 (8 EEHRIE
Mean infection indexes of each family from the diallel crosses of resistant
clones (Transformed values by arc sin; Hokkaido, 1975)
T——__ 1B Pollen S o .
e Nh?u;gi,i .‘ Y33R1008 | T33R1050 | T33S1003 'TM en If'j
B Seed trees T | N ~
A=A 1
Misumai-1 53, 67 41,38 73,24 47,38 53.92
T33R 1008 40, 81 53.19 56, 37 54,37 51.19
T33R 1050 49,87 55, 45 52,70 58,10 54,03
T3351003 50, 90 33,37 62, 44 51,31 49,51
S 5 Mean 48, 81 45, 85 61,19 52,79 52,16
Table 26. RZM LWL E DL 4 T Vv T a ZCD0TOHEHT
Analysis of variance of mean infection index in Table 25
o L. |
Source of variation ‘ afr ] SS MS F
—f R GEREN 5 5
genérﬂ c&rgbining ability 3 356. 984 118,995 1.859
FEMLAERE T ek
Specific combining abiility 6 384.130 64.002 (5.099%%)
— B IE ,
Difference of reciprocal cross in 3 233. 142 77.714 <1
general combining
B o E o
Difference of reciprocal cross in 3 276,635 92,212 (7.343%%)
specific combining
Fotal 15 1,250, 891
7y bpEk
Individuals within plot 419 62,811.280 149.908
) R X 5 AR EE
Average number per plot by harmonic mean, 7,=11.938.
Table 27. RH EEIDOIBRRICOVTOHESH
Analysis of variance of the data of 16 families tested in Nagano
and Tohoku in common
S ¥ S ff Mean square
- iati 4 Jk B a6 | ® 4k B’ At
Source of variation af Tohoku, 1975 | Tohoku, 1975 | Tohoku, 1976 | Tohoku, 1976
B B B i B ¥ E ¥
_ Nagano, 1974 | Nagano, 1975 | Nagano, 1974 | Nagano, 1975
B Bt Locations 1 7,881, 349 | 5,324,615 782,402 147,892
% % Families 25 112, 146%% 45, 719(+F) 105, 199%% 50, 149
i’% ﬁ X %Z 7?{‘? - P 5 ey - D
Location X family 25 36.322 32,918 49,003 34, 222%
@ Error 78 23,331 20, 602 23,159 20, 429
4 {k Total 129 103. 980 68, 973 49,952 29, 850
) REARSEETENOT S S I LI EETRE L.

Tested significance with pooled error, because of the interaction (locationXfamily) was not

significant.
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WThE Lo o
TEREEHIOMHIcE T B3k
WERE, FA4T VT 0 2DA
BRSO S A T Lvoiih
DIFBEFR, BIUZ OO
ARICBYAIMERRT N T &L
Foo BT, BIERIEEMEE T
~& &L, WMiRe b 28507~ }
4Ebo0T, TNLOMAETL 8 B .
MDE A BT, Table 27 = 1
IS Lo

SR LIc 4O D B, 2 #EICARZH
TERMSRD b, TOREMEH C 2 4 6 8 10 12 14 18 1>B 20
DED BT 1 o—> (FEL 51 feIE infection index

(¥, Nagano, 1974)
PRI 13, REEFCR wig 7 g i eI U TRE S 17508 O TR
LR ERIIC O ERERED SN FEEEOHH
. Correlation of infection indexes of 17 families tested

2o L7ehi=C, MMIROZRRHIC both in Tohoku and Hokkaldo regions.
HRESH Y, REBHROHET L
e U CHbo T 50 48 LB 50 SEOSHAITICE N T, KEMEMTHNE U ZRMICITHE Bk
1, ZORAMERLEETE P olce £ LT ORI &84 T I LI SPEY R TR RME B
Lkl d, BETHTeo LIt -T, MMBOFREICHEENS D, REZRES 5 EHTI,
RIS 2 D3, HILSLEL B 50 ED SO ORETH . KEMERPEETH 500, ZREiIC
BHEEMNEROHD S, B THEORIMERITNEVHIERTH . LipL, TTIRERTELEI L,
ETD0EDT — 2 13 49 EDZNICHNTEREESENDOT, ZOBRECI-THELLRERZLGEZS
5o

BB OTHE, EFTRESNLERD I B, HLE0 17 REMEM SN TRRICREE . &
fo, BALIBNTS, 17 %P 16 FRBRES N TV L0T, SHIROZREGEEZ A CHAMOH
BREE Rdice BEQF — 213 49 443, HLIZ 50, 51 WHFEONEEAE IV,  Juigid 50 4£5307% v
Fro FEIRIZ, EPFEEIL0.137, EF ELiE —0.670 (Fig. 7), didb& il —0.010 TH 0, BH &
JLiEE O HBREIIME KB ETH - 720

FESEICEN &V D C & OFFIRL, BRI & BEEREEN S C itk - T, BESIENEDNS
LHRIREN DD, <4 F ZADMEEIICE - 72 FRIC DWW TR, AHEBONENRT, BEE L <4 - X HEH
S DRI S FEEYS, RBRHRNICAD CARTREEGZZ b b B EHOMEERDREE TS
ZOMEETH Y, MEEOTF -2 KIEALLOREAMBELONS

40 r=-—0.6702

index

30 ¢}

.. Averaged infection

Hokkaido, 1975)

8 X & ®

75wV EEREIE Y 0 — Y B LU, C ORRICKICERE TICRRANI A 7 = Y B/ v — Vi



~— 150 — RESRBGIRERE £3075

EREE UTE SN U OB, B, B, duEEo 3MBThEshic. Cho0BRET
— 4% LI L TEERROBIRE B -7,

(1) FRCELOBFBEOEHNTH P LAHT, 77 <Y EERESEORER, £V V— v Sl
s,

(2) EHEREOREER, b L RFRICEREE S SRERRE, MESEEETH 2 2RER
b UL BBEMO GRRERR LD b BFREEMEWEINE R L,

(3) EHURBRORERROLE,IC, &L OREFECERERETERE T 2 BERMEKD HHR
BEREINLD, ENBRDONER - & s, £ V- VICEET 5 BETEOKIIRE NS &
HEEN Do

(4) COWKRITOVTORBIEDBIERIZ, 0BT EH#EE SN,

(5) COWRTIEIEGME, v — VICHIEGE S 70—V, MERGEZ 70— v BRI URZEM2 7
— YRRV, BEOKELLEERLT, WMENEL /o~ & B3 7 v~ VICERS I XL
Jo

(6) MEINIMBMOBFEEORBREGRNL L AT, RBEMIREBEREMNEEN S C LItk T
BEHRBEDN L TREESH D, M E &I ERE EE T 2 LE8H %o

158, BRERED ORERERDBICH T, MEHAORREEEIERKICK S 2 BEERROT —
2RV HENBREINTOEDT, ARORBRICBNTIE, COXH2BEERGBET 240N
B5H0

A X M

D # BAFEL D h 7y BEREESAEER S v — VIIRER o EERE, WP 307, 47~
106, (1979)

2) BRE—E 7 < v EIEHOERLERE, EEOWAERE, 18 (2) : 11~18, (1975)

3) Topa, R. : Inheritance of the resistance to needle cast disease in Japanese larch, Proc.
3rd World Consult. on Forest Tree Breeding, Camberra, (1977)

4 ARTHKED ¢ A7 <y EERERIUCEERBH ORE, R, 307, 153~172, (1979)

5) HEREEE, BT E Y 57 7 < VRIS REOBE, WETH, 307, 107128,
(1979



H 72 Y ISR OB IR O AT (B « IR - (1D - 151 —

Inheritance Analyses of Needle Cast Disease Resistance in Japanese Larch

Takateru Axasi®®, Tadashi Kawamura® and Toru Sarto®

Summary

For studying inheritance of the needle cast disease resistance in Japanese larch, the
ramets of resistant clones selected previously and plus-tree clones were forced to flower ar-
tificially. Controlled and natural pollination were made among these clones and many families
were raised. The assessment of degrees of resistance to this disease were made in three
regions, Nagano, Tohoku, and Hokkaido respectively.

The data obtained in these studies were analysed statistically to get the genetical com-
position for the resistance, and the results obtained were as follows: The frequency distribu-
tion of susceptibility indexes in each family did not show any sign that the families have
discontinuous groups of individuals indicating segregation for the resistance. So it is estimated
that, at least, this trait is not controlled by a single gene but by a polygene system. The
number of genes involved might not be very large. The degrees of resistance of families
derived from resistant clones X resistant ones and resistant clones X plus-tree clones were
higher than those of families from crosses among plus-tree clones. Seven resistant clones
used in this study were classified into three levels at the beginning of this work, as highly
resistant (3), moderately resistant (2) and susceptible (2). Judging from the facts men-
tioned above, however, they can be classified into categories of “highly resistance” (4) and
“lower resistance” (3). The estimates of heritability of the resistance is less than 20 per cent
from several separate data provided for estimating heritability of this trait. After calcula-
tion of the correlation among the susceptibility indexes of each clone in three regions, there
is a relatively higher interaction between genotypes and environments in this trait. Thus, it
can be concluded that selection and assessment of resistant materials of the needle cast disease

in Japanese larch should be carried out in the respective local regions.
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