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Tsunesuke Nogcucnt and Susumu Migami : Genetic Analysis of
Resistance to Needle Cast (Lophodermium pinastri

(Scurap.) Cuev.) in Pinus densiflora Sies. et Zucc.
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Table 1. BHEERKOEMNRREBRIEBELE*ORE INF &
Methodology of quantitative evaluation of seedlings affected by needle
cast and calculation of the disease index.

x5 s oD B OE K H Criterion
0 glEOBESELED LN (4 Needles not affected
1 LHIEDI0BKRIEHIBE LI D G &) Less than 10% of needles affected
2 7 KI30%H o (&%)  About 30% of needles affected
3 #  H950%Hs s (thZ)  About 50% of needles affected
4 n ¥70%Hs ” (FEE About 70% of needles affected
5 LHEIMBRBEBE LD G No healthy needles

#: FEFEHK  Disease index= 0"”+1n‘+2”2;3n3+4"‘+5n5 3 N=no+nytna+ns+ng+ns

Ho~ns ¢ LA T EDOTEAE Number of seedlings classified for each score.

Table 2. $IZELOT-D 5 BEREEDOKSY T O 5 BERIEEOFE B8
Methodology of classification of hysterothecia development and
calculation of its developing index.

B2 FOOSBEREEOKS Criterion
0 L BDH LN No hysterothecia
1 BMELUSELCLLEDONS A few hysterothecia
2 ” Zl D55 Fair number of hysterothecia
3 ” FEILLAZLFDOLNS Abundant hysterothecia

* 1 F0 5 BUKIgEE Hysterothecia developing index=

No~MN3 :

O0n9+ 193+ 2n,+-3n3 , N=

N s N=ng+n+ny+ns

SEE O E DM AR Number of seedlings classified for each score.
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Table 3. 197%EQEBMEILBY 551 7 VARERZROBERIERRUTO S BIERIEH

Disease index and hysterothecia developing index of full-sib progenies inoculated in 1979.

w5 % BROWm s % F o5 8RR SR
Full-sib families Disease index Hysterothecia developing index
No. { 3 I m v Average I i i v Average
ZARK 45 | Z KK 4B
11 Sanbongi Sanbongi . 96 1,21 1.31 0,90 1. 10 0.38 0,35 0, 45 0. 35 0. 38
Z, #1015
12 ” Ott%:mo .68 1,51 1,95 1,62 1,94 1. 14 0. 84 0,83 1.04 0.96
= 55
13 ” Sanbongi .79 1. 40 2.12 1,43 1,69 0.80 0, 68 1,00 0, 80 0,82
< 5 105
14 7 Shiroishi .80 1,38 3.21 2.18 2.39 1.48 0.53 1.68 1,24 1.23
£ _ e =]
21 o frions | = R OR 4% .87 1.66 2.76 1.36 1.91 0.98 0. 66 1.50 0.78 0.98
Ottomo Sanbongi
Z fit 1015
22 ” Ottom .80 2,46 3,82 2,56 3.16 1,86 1.23 2.08 1,20 1.59
o N =X
23 ” =X 7K. 5% .64 2,38 2.67 2.80 2.62 1.26 1,02 1,22 1.52 1.26
Sanbongi
108
24 ” Shi%gishi .18 2.13 3.68 2,38 2, 84 1.58 0.82 2.04 1,30 1.44
ZARK B | ZARK 4B
31 Sanbongi Sanbongi L 20 1.27 2,39 1.33 1.55 0,29 0,50 1.25 0.70 0.69
Z fit 1018
32 ” Ottomo .58 2,16 2,82 2,11 2,42 1.28 0. 80 1. 40 1,12 1.15
= 55
33 ” Sanfo?;i " .59 (2.69) (3.90) | (2.89) 3.27 2,02 (1. 39) (2.19) (1.69) 1.82
: 105
34 ” Shiroishi .90 2,84 4,14 3.36 3.56 2,04 1.42 2,14 1,88 1.87
0o A 105 | = RK 4B
41 Shiroishi Sanbongi .28 1.81 3.28 2.19 2.39 1.54 0.88 1,62 1.23 1.32
42 ” g #1015 L9 3.09 4,29 3.33 3.42 1.67 1,67 2.36 1.87 1.89
ttoj:m;)k -
= 55
43 " Sanbongi .14 3.69 4,68 3.20 3.93 2,16 1.80 2,40 1.74 2.03
=] HO105
44 ” Shiroichi .87 (2.87) (4.15) (3.09) 3.50 2.32 (1.58) (2. 46) (1.90) 2.07
i 5 Average .79 2,16 3.20 2.30 2.61 1.43 1.01 1,66 1.27 1.34

) () BRET 9w b THD, KEMHEIL Block-1 &% Block & ORBRPOHEEL1ZOOTH B,

Note : Parentheses are missing plots, and the values are estimated by the regression equations of Block-II, III and IV on Block-I.
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Table 4. 198VEDIEIBIEICH Y 354 7 L L RRZFRORIIEK T O > SLHIFH
Disease index and hysterothecia developing index of full-sib progenies inoculated in 1980.
x B %R E w5 % T o 5 MW Y
Full-sib families Disease index Hysterothecia developing index

No. { 3 I I il v Average I i II I\% Average
1 gérﬁiogzi i g;éﬁbﬁ;i 45 1.20 0.96 1,04 1.13 1.08 0.70 0.54 0.6 0.58 0.57
12 p éiionlfé 1% 1.92 1.26 1.77 1,48 1. 61 1,44 0.78 0.79 1.04 1.01
13 P g;gf;gzl %5 1.45 1,46 .72 184 1.62 0.76 1.07 1,14 1,42 1.10
14 P ghimifﬁi 10% 2.08 1.67 2.13 1.80 1.92 1.52 1.04 1.56 1.80 1.48
21 Eitonmfg 10155 é;gﬁ;ézi 45 1.36 1,30 1. 44 1. 44 1.39 0.72 0.92 1,00 0.94 0.90
22 P Stomet 1015 3.13 2.32 2.81 2.41 2,67 2.33 1.57 1.94 1.56 1.80
23 ” in?‘gor'gi 55 2.19 2,17 2,08 1.52 1,99 1,62 1.28 1.36 1. 14 1.35
24 " SE*eriSEhi 10% 2.15 1,52 2.67 1.94 2,07 1.52 1.08 1.59 1.42 1. 40
31 giﬁiin?;i 55 g;é%bﬁ;i 45 2.32 1.07 2.00 1.18 1. 64 1.78 0.61 1,43 0.72 1.14
az P é%tonyfg 1015 2.88 2.34 2,90 2.28 2.60 2.09 1.45 2.14 1.66 1.83
33 " @nfog‘;i 55 3.84 | (282)| (360 | (61| .22 2.86 | (1L73) | (246) | (.73 | 220
34 ” Siroidti 105 3.38 2.34 3.02 2.82 2.89 1.96 1.68 2.26 2.12 2.01
41 gmmﬁim% é@mg4% 2.04 2.02 2.76 1,43 2.06 1.50 1.18 1.88 0.90 1,37
42 p é%i0n1f¢ 1015 2.02 1.71 2.53 1.95 2.05 1.20 134 1,87 1.45 1,47
43 P gén%‘o@i 55 3.49 2.83 3.39 2.07 2.95 2.63 1.85 2.12 1.40 2.00
44 p éﬁﬁroiggi 105 447 (.23 | 12| (2.99) 3.69 2.55 (1.59) | (22| (6| 200

5 #5  Average 2,50 1.94 2,50 1.93 2.22 1.70 1.22 1.64 1.34 1.48

) () BRETwy b ThD, BHMEIRZ Block-1 L& Block LOEFRDPSIEELLEDTH B,

Note : Parentheses are missing plots, and the values are estimated by the regression equations of Block-II,

IIT and IV on Block-1.
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Table 5. £4 7 VAKRERRICE T 3 BIRIEHO S EST

Analysis of variance of disease index in full-sib progenies.

£ B W D.F. s.s. M. S. F Rate bf contritiation
Source of variation (%)
Years 1 4.8594 4.8594 | 13.083% 5.7
gi;ﬂicatgi 3 14,7250 4,9084 | 13.216% 14.3
S Reg%catég 3 1.1140 0.3714 | 5. 952% 0.9
Farnﬂjéf 15 66.0477 44032 | 11.416%* 64.2
?Famff.;es « YearsE 15 5. 7861 0.3857 | 6.181%* 4.8
Famﬂif; y Rjgf) lealk 45 6.0226 0.1338 | 2. 144k 3.2
iﬂ]irror;A 45 2. 8064 0.0624 6.9
é§’Fota1§* 127 101, 3612

*, 4% 5BBEO1BLVANVTHEZDD, Significant at 5 and 1% level, respectively.

oo DT, PEOHETRIZIZZOHPICKS b0 EEbN G, BIRERIC OO TRETIZR & 9IE 5
L OMBZEA B &, 1979 4ETIIMIEHR r=0.733%*, 1980 £ T2 r=0.916%* & WINLEELE
O WEOKE S EHEOBERIRO R ZBERIEM -1,

Table 5 FARBRICH Uiz 16 FROBRIEHIC OO TONEITHETH 5, SITOHEIINTHO
ZYFIC S HEEBRD 5N, BICEREED S XCERLEELREL EOBRELN: L OXLIEH TR
1% KETHRTH 7o &, EEPDROERERICIVT 2HFE5RED D &, FRHEED64% &
BAREL, ROTREMETHB 4% THY, BOHOEHRNBINS 5 % EH, HE0EENLTT
INED 5T,

Fig. 3 BERT LICHIRIEROEBA AR Lice RRBRIZ 4 RETHREILIOT, COEMSHIN
BAREDOEGEHTH O Uiz 2L, LEEAENIEONBDL -HZRAE B EAA10ZOHERER

(No. 33, No. 44) 1 REDOHD T — 2 BOTHMBEEIER Lice FHRT & OBFIERDOHTH I TFIE

PERDIREL LTRSS TV 5D, SO EIEL 2138 TR, TFEL HI2IEH UEREH D510
ZRUIc, 3bh, B o—-VvTHEEARA4E5DEEZSR WNo. 11) ZE— FHERKEEK 1 TH
D, EARROUHLTREILETVDOERDEETVONHERL, HUKHE, o—-YTH 24101 507
JERZR (No. 22) TIRFIHEER 1~ 6 OHEIPHICH L, hRice— FERDAARMOSHETH 7o —
7, B/ n—vTh2 EARSBELEAA105OHEMER (No. 33, No. 44) 13 & & ITRIRTEH 3 L
LOBBRICATEL, A 0BOHERRABEZRKRS S LRPPERDRESEE 7, HERRE
PR D ORROERSHERV TN G BROENEL, HEHiMZ n—YE No. 12, 2D~k s »
—VEREREMEs o~ (No. 13, 14, 23, 24 XU No. 31, 32, 41, 42)—>FHEES o — Y (No. 34,
43) &, EHHEOBREWNS (LA, HHDE— FOEREROR S WEMICTE IS 51
7o

Table 6 & 4 7 VARERRICONT ERIEROMERENOIBIMET - bDTH b, KE
HRE S FEEORLIEAOEE TR OMEEBEESE UTEERERE L, TOME, 19794, 1980
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Table 6. %4 7 UAKEFRRICK T 2 BFEROMEEERID DT

Analysis of variance for combining ability of disease index in full-sib progenies.

1979 1980
D. F.
S. S. M. S. S. S. M. S.
— A B R (a) Kk ok
Genoral cgmbining ability 3 35,2109 11,7370 23.7244] 7.9081
% E M A & HE T (b) 6 4,57460 0, 7624%% 6.3774) 1,0629%*
Specific combining ability
R D O B OFEREREE (b 1 0.4790 0.4790 4,2990 4. 2990%%
Mean dominance deviation . : : :
;g;:%lﬁi» 50 Fy OFIEUFEED (b 3 21539 0.8180% |  0.8886 0.2962%*

Further dominance deviation due
to the rth parent
Fy BRI OEMRE B2 (bg) * *
Remaining discrepancy in the 2 1.9417| 0.9708 1. 1900, 0.5949
rsth reprocical sum
— RS ERE I D IEH M D7 (e)
Differences between reciprocal crosses 3 0.7869) 0.2623 0.5180 0.1727
of general combining ability
FTHAEREIOIEHHEDE (d)
Differences between reciprocal brosses 3 0.2679 0.0893 0.3737) 0.1246
of specific combining ability

Replicates (R) 3 10.7471| 3.5824%  5.0919 1.6973%*%
(a) X (R) 9 0.8168 0.0908 1.2135 0.1348
(b) X (R) 18 1.8874| 0.1049 1.1135 0.0619

(b X (R) 3 0.1587] 0.0529 0.3412 0.1137

(bg) X (R) 9 1.0544| 0.1172 0.2694] 0,0300

(bg) X (R) 6 0.6742| 0.1124 0.5029{ 0.0838

(c) X (R) 9 1.2479] 0.1386 0.9177| 0.1020

(d) X (R) 9 0.7992 0.0888 0.8336] 0.0926
e &t Total 63 56. 3382 40,1636

*, k% I BBIT1BLUNVTHEFEDYD, Significant at 5 and 1% level, respectively.

& HIC—AAEHEIB IR EHAEEIN F LIAETh -k, Lk b, HTHAERETIL1979
HTE ba T (HRIEAP S F1 O FEEMHEOBITER) & bs T (& F1 EFEE O #IEREZE) 5%
KETHRTHD, 1980 FICBWTIE by J{ (FIED S F1 OFEMNILIREE), bs B XU by HOAE
BEHEERYD, I b IHE b TUT 1 B KETE USBETH -7 88, MFEE bIEURHICK 55E
RBEAD NG -T2,

Fig. 4 BZA T Ly a ZICB0TESREE CHIC U LA T E OV E LRIV B
(BBRHZROME) EARLIZEDTHY, Table 6 OAWUMMTHTIL CORMEE HMBHIT EMNTE
o TUTHIC, 1979 £ TREAMA T OEHIES (+) FH~0BEM:»S (=) Fra~ofmEkE<T
SFEIWEHBRLSON, 1980 FETRETOMAEL T (+) DHANPIID, ZORER
BB SO TH 700 TOT EIMEFHEAREHD by HOMBICEHE L2 D THA I &5
T, MAECEITR, BICEKE o — VHOEAETH EEARS BEEAI0TT, MEOBHIE

DBESERMTH » 70
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RR1E4(1979) TERE41(1980)
et Disease index in 1979 Disease index in 1980
2 Cross s 1 2 3 4 1 2 3 4
P, F MP P, P, F MP P>
ZARAL Z{k1015 L] o+———e e—0O0—+—@
Sanhongi Ottomo
) TS o —O——+— . e—0—rt——8@
Sanbongi
M (14710 % o——10 L] [ o—t———80
Shiroishi
Z{5101% EAHAE O----ee oe——e
Ottomo Sanbongi
£ 0% >+e C-me—+—e
Shiroishi
gt 000 o e-+—e
Sanbongi

Fig. 4. #4 VREICB Y 23R E SHLAE DO TF-ENERR T8
Disease indices of parent and full-sib progenies.
P« P, : #1 (BAR) O, MP: fiif#, F: Bz HOHAETEY
P, P, : Mean of parent (selfed line), MP : Mid-parent
F : Mean between reciprocal crosses

Wr=:0.336 + (0.691 == 0.053) Vr
r--0.994+"
Wr 2 -1.244Vr

02

ofz 0.4 o,lé 0.8 1.0
\is
Fig. 5. 1979 FicE 1) 2 BHEHD Vr &
Wr L OE
Regression of W on Vr of disease
index in the diallel cross (1979).

LEAK o .4 f# =)
1: Sanbongi 15 2: Ottomo 10155
3 Sanbongi °%  * Shiroishi 107

skl TBVNVTHEEDD,
Significant at 1% level.

o8r

06
z
04 -
02 . Wr - 0.234 | (0.855 0.249) vr
r 0.925*
Wr? 1.285Vr
02 04 0.6 08 10
Vr
Fig. 6. 1980 4EiC#51F 2 IBIEHD Vr &
Wr & ol

Regression of W7 on Vr of disease
index of the diallel cross (1980).

-= 2& 7}( i=3 . Zx 'ﬁ}\: =
1: Sanbongi %7 2 Ottomo 1017
R NI N, = A =R
3 Sanbongi °~  *° Shiroishi 107

*: BBVSNVTHEXDD,
Significant at 5% level.
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Fig. 5, 6 iICi3& 4 7T LaFE Tk 3 Fgskiumds LcaRN0 i (Vi) SHaEAERRLEFE
HEEE DI Wr) & OBERER Ui, 1979413 Vr icxd 2 Wr OLUBEREDS 1 2 SERICENS
->TEY, EHWEEEXE T 2IENILEETHOREIEA (TR 2 ¥ 28 B8BD Shicss, 1980
ETEERRERI 1 LOBRICELE -TE5T, N LBRTFHOMEERRBRD SNEh -7, Fe,
MEL SEFRES 0P EFRETHHDT, BESROEENTEINS, ULr L, OFERESK LD
2EMHDOEEXD EIIKH 5 Lo b, BEMHRIO GHEMBPIBRBIREL, RELEHEAEINS,
IoIC, HHEESIRNS D E LIS, Fig. 5, 6 THRBEROLTANCAE LT AT n—v
DERK4SDP L 101 SENEHBRETEL SO DL HESNLY, BEUEI/ n—VYTHEEA10
i3 1979 £F & 1980 4F & THAMASTRIL - T,

VI EOBTr 5, =V OHERZWVFICIWT Hi8biICEET 5 BIRSERS OHEEEE Table 7 TR
Ufzo 1979 4F, 1980 £ DM 4T & & IEMINIRIR # (H1 - Ha @ BHERIR) BAENNEZESE (D) 24
SNTNE L, SELBUE (WHJD) BRENEN0.577, 0.637 Th »ico BIERRIFEE /A (hed)
BLOWE (hyd) EHITEHL, hp?=0.968~0.959, hy2=0.870~0.878 TH »Fco .5 BUGIEHIHEIC
BET2E8RERTFH (K) 1219794 T3 0.212, 19804 Tid 1. 623 & MM/ NI WESHEE o

2. ® B2

A SEIC B 2MER RS Table 81T, Fiz, TNSHIEDNTO HEHEZ Table 9 IR L
720 BREROWFEBEFRREICI-TEHL TV EY, FRTEDFGEIFIERIZ0.63~2.40 TH b,
ST OBRETHORERZZEE RERICZN TN 1 BKIETHEBLRESED Sl EIRHNE D
ELT, EHFI1015 - BHEBHF 1035 ELUHIM 15, THEVIOELT, ZF 1095 - F3F 101
SEICUEIENHFONG, T, ERROBFREHOERSHL O EE U EEERZER 0. 49~0. 83
T, WEPBORRTRBEFEINES L, BEPEORRTRREOEBENSL S,

Table 10 & & Table 11 icid B HXERHIC B 2 AR & BT OBRER LIz, B RABRM O
FHER 1L.7mX1.7m, FHEROATRIIIFEOEEKN 1.0m THY, CORKTEIKOMN LD P

Table 7. %4 7 VAARICTE T 5 8IE0 8RS OHEE
Estimates of genetic variance components in the diallel cross.

v 4
&Componentj} 1979 1980
B o B E 4 R D 1.217 1,262
JE B MM EE S Hr* 0. 405 0.512
” Hy* 0. 328 0. 486
MAETNEFRRO EH 5 & F —0. 161 0.311
B 5 43 #% E 0.026 0.023
Yooy o o# % K VHAD 0.577 0.637
EFEAXNIEBEFOEHA uv 0.203 0.237
E Iz £ (R B hp? 0.968 0. 959
” e ) hy? 0.870 0.878
T % - § K 0.213 1.623

* 1 Hy=H,(1—(u—v)?)
u REMEBETFOHETHY, v REEEBETFOHEETH %,
u=proportion of positive genes in the parent.
v=proportion of negative genes in the parent.
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Table 8. 74 = Vigskl HAKEE R, 2FHRORREK
Disease indices in 2-years-old half-sib progenies.
Koo ® 1
% ES Replicates £l 3 Replicates
rogenies I . I Aver- Progenies I I Aver-
age age
X M 25 _ 1025
Obma i 1,5 1,5| 1.8 1.60 | Ninohe 7 n7| o7 1.70
ir > 15 1015
Mutsu 1.2 1.8 1.5 150 | foote 1 2.2 25 2.27
” 25 .5 1.5| 1.5 1.50 ” 1035 1.8 17| 1.7 1.73
” 35 1.6 16| 1.5 1.57 ” 1045 51 1.7 1.9 1.70
o940 # 1 o5 SEENES
Nohezi L L2 0.9 LO7 I ghisukuishi 2] L8 L5 133
= [I?!] 1%'
” 3= 1.3 1.3 1.4 L33 Norioka .6 1.7 1.7 1,67
it dk 1035 =
Kamikita 1,0} 1.4 1.4 1.27 s 1016 .81 1.8 2.0 1.87
Z i 1015 - p
Ottomo L4t L2 L3 1.30 " 10273 0] 22| 2.0} 207
” 1025 1.8| 1.6| 1.5 1.63 ” 1035 L6 16| 1.7 1.63
e - 47PL
=X . [} 7
” 1035 1.5 1.3} 1.2 1.33 Miyako 5 Le| 1.6 1,57
b = I/—JA
" 1045 | 1.7] 15| Ls5| 1.57 {\J/\ﬁzusa“f; 10175 8] 1.8] 19| 1.83
” 1055 1.5 1.4 1.4 1.43 ’ 10258 6| 1.8 1.7 1,70
= K Kk 35 o
Sanbongi La) L4 1.4 1.40 4 103%5 .5 L3 1.3 1.37
” 4 1.3 L0} Ls 1,27 7 1055 3 4| 1.4 1.37
” 55 1.6 2.0 1.9 1. 80 ” 1065 6| 2.0 1.7 1,77
” 62 | 7| no| L4l ver| .. P 7E 7| 1.4 17| 160
. z : . ' ' Ichinoseki ' ' : '
= F 1027 =
Sannohe L7 | L5] Leée| 1.60 ” 85 B 14| 1.4 1.43
” 1035 .7 1.9 L.5 1.70 7 10% .71 2.0} 1.8 1.83
= B Oo#E I 101
” 1095 2,50 2.7 2.0| 2.40 Higashiiwai .81 0.9 0.7| 0.80
” 11257 1.4 1.4 1.4 1. 40 ” 1035 .1 1.5 1.5 1.70
M =
" 188 | 13| 15| 1.3| 1.87 &ffﬁatgﬁ 55 0| 17| 18] 1.83
= &t B 1015
” 114:—' 1.6 1.5 16 LS7 | & 7 7| o7 1.70
N 1015 B 1015
Hachinohe 1.1 1.2] 1.3 I [ oz 20 1,97
o . [ 1018
” 1045 1.5] 1.4 1.6 LSO | Nakamiida 5| L5 1.4 1.47
Kuzi 3 . 1.4] 1.4 1.3 1,37 P 1024 .8 1.7] 1.8 1.77
o 1015 Al 7 15
Kunohe 1,7 1.6 1.3 L83 | &0 dai 2 1.6 1.6 1,47
” 1045 1.6 1.7} L7 1.67 ” 24 .6| 1.5| 1.5 1.53
” 1058 1] 1,1 1.2 1,13 ” 35 0| 2.2 2.2| 2.13
” 1065 1,3 1.3 1.3 1,30 ” AR L9 1.8 1.7 1.80
” 1078 1.6 1.5| 1.4 1,50
B 1018 oA 5 .56| 1.57] 1,56 1,57
Kamihei 0.7 0.6 | 0.6 0.63 Average
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Table 9. 7 & = VIE¥EH BARTEE R (244H) OO
Analysis of variance of disease index in 2-years-old
half-sib progenies.
E B
Source of variation D.F. S. 8. M. 5 F
ngenies/ ¥ 59 16,1722 0. 2741 12, 237%%

KReplicateS 2 0.3205 0.1603 | 7.156%*

B oror = 118 2. 6428 0.0224

A =

= Total 179 19, 1400

#x: 1 HBL OVIHEEEDY, Significant at 1% level.
Table 10, 74 <=V HEM ARTE SR, 5FEROBRER
Disease indices in 5-year-old half-sib progenies.
5 kA Replicates % EA Replicates
Progenies A Progenies
ver- Aver-
I I m age 1 I 1 age

K B 25 B i 103%
Ooma B 1.0 1.5 1.5 1. 33 %orioka - 1.5 1.6 1.9 1.67
ir - 15 73 Ro102%
Mutsu N 1,4 1.6 1.8 1,60 Mizusawa 1.9 1.1 1.8 1.60
S:anbong;f\ S5 0 14| Ls| Ls| 1.47 p 10382 | 10| Le| 12| 127

(= - B 6'%:‘

” 5% 1.9 1.7 1.8 1,80 Ichinoseki 1.4 1.4 1.8 1.53
génnohe): 10 L3y L5| 21 1.63 ” 1015 .6 1.7 | 2.6 1.97
I\ 71045 o | ol02%

Hachinohe 1.3 1.6 1.3 1.30 Nakaniic}g\. 1.8 1.4 1.7 1,63
o =N

f/{\uzi BI04S | 160 14 16| 1.53 édéndai 8 2% | 13| 13| 6] 1.40

f{;mﬁﬁeiﬁ" 1025 | 12| 7] 18| 157 p 48 | 18| 8| L6| 1.73

e - =3 1,

B oo F % s e L] Leo Séhiroishig 105 1 19| 2.1 24| 213

” 102% 1.7 1.8 1.2 1.57

=3 E 2
Moriokam 10155 Lel .91 16! 170 Average 1.50] 1.58 1,74 1,61
Table 11. 74 = F3ek B ARZTELE R (5 44D DO EMT
Analysis of variance of disease index in 5-years-old
half-sib progenies.
Source of variation D.F. S. 5. M.s. F
Progeniesgt 19 2, 3506 0, 1237 1, 9298%
ﬁReplicates 2 2 0.5503 0.2752 |  4.2933*
B = 38 2, 4364 0. 0641
AN ES
= Total " 59 5.3373

*: BBUNLVTHEEEDD,

Significant at 5% level.
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BREOETS D 675, BT EOEMBEICHE %
LT te, SHROWEREIREIC X 5L HbHs % ol
K&, SR O PUREELE1.21~2.13  Hx .
T, FRMOEOT A MBIO 28k (5 B } . /
NSO, SRR TR R s b 08 o« °
o) L4 / Y:-0.434 + 0.699 X

IR E 125 BOKETHEE B o120 ik g o 7 ioo7m
DRNERE LTKR 10275 « ZAK3E23, % ﬁg /" o
K, BOERELT—WI01E - AF0505  CET] e
Fonas, FRCLO BIERHO BEFEE 2 § Y

a]

0.70~0.94T, LDFHRS IBFREFALRKESTH EERICHTBEAIEE
Disease indices of 2—years- old seedlings

-720 Fig. 7. BARLRERD 2 FLERE 544
Fig. 713 A - BiliiBtho WA ks T FIC 3B 24E DM
e - Correlation of disease indices between
L 14 RAZ RiT , a5 S
*% 14 O BMKEERIC DT, WAHB T 2-years-old and 5-years-old half-sib
WERED HEAZR U, 14KHR0 FHERFE progenies.
MBI B 7 —0.736% L 150 E LA i LBV THERAD D,

Significant at 1% level.
BTH-7. A-BlARMICIIAR-1 CHEAM

BtE Lic A4 7T VVRIERDORM & 18 - 72, BHMEOW ST 7 0 — v 0 ARTHFERSHHER S
NT03, ARBRHICIIEIHTH 2 ZRKR45 « 101 BB L UORERLTH L ZAKRSSBHD,
INDH B ZARKRATE A 101 BOPHEERERIX1.27, 1.30T, Hik L7260 ZROUEHTIET -8
MEBHEORO BN V=TI Lice ¥, BIRMTH 2=AK5 B2 FERKEEND1.80 T, 60K
RS0 EHEDTEN TR V=P ICR Uc, —F, BHlBMIIKIERE TS 23=AKR55EHAA105
DERRMR RIS D, TNTNOTFHERERIT 1.80, 2.13 T, il L7z 20 FRD L TRENE
C18ML& 20 (LT dH »72e 10, HARAKMERICDODT DS HAIRIT 1204 2 RiEHE D EIER%
B Lic &2 A, HfEaiRick 2 A RBRHIO 24 C120.931, HARRGUC X % B B 5 4E4ETIR
0.355 T% - 720

Vi &

b}

MORDIRFARDUEICE T 2081, BHEFEDERICHOEEDRFIC DO THEMICR DM TN, B
HPBEFEUC K B DFEOMER I N T S oo FECH 7 =V OEERDEMMBL L, KIRMICHRE
LT, LELEBEEZBLZTRIFEORVFEETIE, BLoRFRENIEEEEZEE LTIY LS
MBS EROBILPRIESITHO L2980, L L, MARDHEIC DO T OB EICET 2556
B30,

AT BT =Y DEZLBVIFICINT 584 T ULVRRERTORBHER G- T, £%%
DHHEREELABMADOEICI ORI O REOXBERRT 2 LI TERD -7, ZROBFRE
EOBENIBEE UEFE TR —FK Ui, B 0 — Y ORRRTIREREES v — Y ORELRRICL
SABEENES, Ui dRRHOREMOET B, REFZROLIEOZEORERESRALD &EEN
IEPUHEIC I I N T B LT APEBICRKENEE L ONT, TR OHDHBRBBFERICOVTORR
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PBRE, BIXUOZNOORAERDOHBITD & SEMNY Sl i, BRSNS RBEEHIT/IN
THERRNEDOHSRMN64% EREVT E, BRY, 47 VAKEERT EOBKIEROEHHT
o, EIELEE UK RTREEL EOMAHIDIE L, EIEDENIC & 2 EH BRSO B
Ao, oI, EORRBEHENEVERDINGERL TR ERENLD, KKK X ZHEDEND
REENTHY, EBRtEoRBIEEBETFEER ) V- vERIck 3 LHEEshic,

—7, WPR 7 v— v ORFEEEQRTEERERCRRER @R-2) TR, #1417 VAKERR
TOME BRI, RBHANOREICK > THEDEDDSSH SN, HICHEICK 2MiEIRGIc S~FA
BEOEASTRBORENKE D o1, UL, BIRIEHOSESITD 513, BARZERERMICARITK
W BIRFEOED DD S i, Lbd, HRRSERROMIIHIIFEOTARBORBIEENE - T
SEAROH EHMICAEL SN TED, ik 0 — Vv OHAREERIZ EWHICRE DO TVEHOHE
MBEZOEHEEI N,

PAELY 37 7 =Y EIHRICOWT, BEREDIENE S v — VORI 7 v — VY E AV IABN» 5, B
PO E SR S U B BB T 2 R KRR EMREE RO O O RARER R LD
HERIEESNMEL, FERICILOT 2EEIGAZNTEY, Z0RBARR) V- rXRick 52, B
THEEFEERRVESIBNERE LTS, vV OTTENKIRI Y QL 50K & BRICERLED
BOWETH Y, —RICHREOTHOIRFRIBRESGOELICRBESEREINL L Eh 5, BHMED
HANEBHTHLEEbN L. L L, HEHELY BT A VI o — VY TORKNEL DS, = V0T
TRV T AR OEETFEIC K 2BOEV ST Ui, F, ERMVRBT ATV EI vV &
DODANLRE F1 R RATA 7a YDA T UVRERRTORE,L S, <V OTTEMNKICIVT 3
HEHHE BT RICE250TH D, WIEELRTE LT 2L LoRSEETES LT 2 Wkt
PO EHE LTV S, TN OOWERKARDHEFC 20T 2 \IAMEICITEENER SR BT B C
EEWSIC LIS DTHD, 777 VEIRO X DICRERBOMOFEEH O TRH L, FEHESED &
ENTOBHFIC OV T RPN TBOBFRSHETH 5 E2RTHEDTH 5,

WRERPEEEL SR L CHEET 20D, TNENOHEICI T BIEHIED BT AT EIE
FOFRBRCBIERILEEZVIONICT 5 EBUETH D WEDMATHELGIEICHE UCBIERYS
HEINIZSDIT, HI77VDERIHRY « Vo / FOH LY 15 E0NH 50, BT OMERERN &&IE
ST ELT - 1o A BH 12 5100,

AKRFICBNT AT UGB XT Ve & Wr EORBAIOT, =Y 0I5 BVE 0T 5
IR T OERZIR & UTHINMZIIR & B E05B) 5 N, BIERHR X0 SHEINNEIEASK = 4
HRREBAEEBNTH s LHETE . L L, EHMEET ORI OWMEZ T THET 22
EBTET, FICX QI LEETHOBIIER, §18h5, TR 2 Y ZAPROEESED SN, 73
B, EPRHICK 2ERIEETROOCEREOBZICHE U CHIRETRIER I SNE - 1,

EHRHE LA UTEMGE S EOBENSRESL 2 &, BHlEs o — Y HOMERTH 5ZAKS5 5
XA 105 TREZOMESMFETHE UL RIS - T, 51T, BRSO W T Vricizng s Wr
OEFIFD SIS 0 -V THEERA 45 L LM 101 STEHEET 2SO EH LN,
w7 v — v OF A 10 SRR CTHEIERIC U,

o2 [WKMOEEN b BNHEEHEE:OBET OERASRICONT, BHMEOFIED /NS L UIER
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R ERBERICHAEEEO L DRI - TREHBESN S EWME LTS, AUPE TRAFBALE
Erh 8 A LATRT Uich, Fig. 2R T X3 KHETFERIVMEOBRENEN sz, IHRBRED
FEIC L OIRPUEBEZTO RESIFH SN D THY, BICIOEEENA 10580 Z i EEL

e b, £, EHMONMCELTRE, RFETRE—EAME OEE LT 2EMT — 2 2 RE L
B, 1VEDOFRBC L ZHBRTHEORETENRL L, 2ELORROTEREHEMNEEL ST 5L
EbFERZOND, KFEORADFNTHEEE UABRMERRIC SNABBRICE VY, EEL0%
RECLEA 052 HOHAY T HENS <, BMERTIE6.7%, MWEERTR2.0~5.3%8 Th
stz BEMEY o—vEHOMASTEROB S BIEE TR, Chid Vr & Wr &0 [RMTOR
Bheo IS o - v Th A4 10 5 COEEMRDREELSPEFHZLTNEEDEELONE, L
LD EIEDOTIEERBIZ, FELAHEFREOED SIS OBME, I URAEEEO DD
FEEEE, SRCHEAOIEOE EORM A ROBEL VAL S,

Vr & Wy EDIEPS 1979 FICIR T YA 2 ¥ AZRPAL oh, FEKR COPRBBEDONLD
-7z. Fig. 3 O THMERICEY 2 HEEROERSHNENENORM TRIZD, ittty
0=V THIERKLTELMLI01 G TEZOBOHEELL, I oORBME TR M IEET 28T
MBORILLCEBEZ LGNS TEAZ VY ABREIRAMBCIDED ONBN T EbH D, Flck

B d 2 SO TEHBR UK SO IEHEICE LR ETHEROE S hEHRERVT, €24
“/Xﬁ}ﬂﬁ@kﬁi&iﬁﬁﬁ‘iﬁﬂﬂ)mVi{’l?m@Pﬂ?&icr_’)m“(&mftﬁﬁﬂ“Z> CEWMBETHA D,

=V DELAVFEORRCES T AEBETIZ, £4 7 VS 5RO BES K 5 1979
£ 0.21, 19807 162 EHEI NI, T TEIBYETFEEM 4 DEEFORTIINE C elukEn
DAL THEBW, #EHEBEFICIDBONSD, 1979450 0.21 BERINEWETH -7z, THRE
7 o — v ORMRRT-WOREXDF — 2B o0y, ARAEHCTENSEHIEL, £
DRE[ERCTHRLEDTH L. TOWMEMD 5% EHIRRRNCRHFHRFENENLL, TOBKE
121979 45C 1,20, 1980 45T 175 TH o toe WTFNICH L, HESNAESRTHE 2HEUTTS 2
EFEZBNE,

=Y DR BVIRDFA T LT HHEE U B D BERIT 19794 - 198058 L IR LA EE
5, [REOBEETH 96% 1L, MEORLEETHIHE MR TE . T, HHEEHATERR
DD SR IORERI I X 2B (2448) TI3%, HARRMCIB5HET 6% Th
Ste BT VEERORBRLOBERIVHC Y - TEEEMDOBOLREL Hoh, &M/ o—vo
HHAA T VP85l 7 o — v LIRSS v — v O ATZEE RS 5B L THHT8.3%, HhET
14.9% OHEMBME LN, T, WEY7 u— v CETEHORGTEN OISR T 58.5%, H¥H 7 o
—VOHRRERRTR 4TS THY, BAOBEESEONABERORAERIC X 284 T b4EERT
DENBREOT EPBWEINTOEY, TSI Ve / 204 CRICOVT 7 koM Esnb%
MO ATZERERET, BREOTBAN P OLEOREREHEL, 70— T2 86.6%, *

WHERP 512 69.7% OHEEMEM T2, WHPHFELEL S, AHETE LN EREOEERR
BARBROBALROTHEREICHOEDIEE S e, BIERRIMES 2 OBk e S URBRBHT &,

ZLOERTEHT 2 &M ONTV S AT TRFEEOIGAS T ILT R EERIIL ZIC X D
HZEEBH—ICINI Y, BORETRERLEOBELZT > LM TEREDEET 5,
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UbDC & o KMIFRHBRERET 5L, v VOESLIZVFCLVT 2IEMHERRETFIRHTHD, &
MRS 5 5N D BHMRRBKE L, LR BEREEED, Licdi->T, FFIKiknd 28t ERE
BREICK 2ESEREFORDIASL E, BIKICK 2EERHOBTRSTAETH 2 EEL %, LbL,
A TREEDGRICEEMOENERT /7 a—rBb5bC L, TR YRFPROFAL EICOOTIE
DIFBRFITH B EIBE, 4RI SICHFET I LEND 2, FOEC LICREEED HRREER
TREHEROBERENENOT, YHIRERY SBREOREEM 7 n— v 2KhEL, REREREO
WHikkZ i LS, AIWOFELN FHIN 2 MEA~D FAEDHEBREE ST ETH b, NS EHTL
T, FFOTRHEERE S OICHER CER S 5700, ik & BESEOMAIERAPEIEORER L
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Genetic Analysis of Resistance to Needle Cast (Lophodermium pinastri

(SCHRAD.) CHEV.) in Pinus densiflora SIEB. et ZUCC.

Tsunesuke Nocucur® and Susumu Mikami®

Summary

Needle cast of pines, caused by Lophodermium pinastri (Scurap.) Curv., is widespread in Japan.
The pathogenicity of the fungus is not strong in normally growing pine trees. Howeve, seed-
lings in nurseries, young trees in plantations, and grafted trees in clone banks often are
damaged seriously by the fungus. Apparently resistant or susceptible seedlings and clones
are noticed also in seriously affected nurseries and clone banks.

In the study reported in this paper, the inheritance of resistance to needle cast was ex-
amined in diallel-crossed progenies among two resistant and two susceptible clones which were
selected from the plus-tree clone bank of Pinus densiflora Sies. et Zucc. at the Tohoku Forest
Tree Breeding Institute. Furthermore, the half-sib progenies from 20 plus-tree clones in 1982
and 60 plus-tree clones in 1983 were examined.

Controlled pollination was conducted in 1975 between all the possible combination among
four clones, including selfing. The seedlots were sown in 1977, and the seedling were trans-
planted in four randomized blocks, each block containing a single replicate of each progeny
(16 plots, 1 plot=5x10 seedlings), in the spring of 1978. In addition, each plot was surrounded
by a row of commercial seedlings. All transplant beds were covered with fallen diseased
needles to a thickness of about 3 cm, soon after the seedlings were transplanted, and were
sprinkled once a day for a month except on rainy days. The seedlings were infected by dis-
charging ascospores from the hysterothecia on fallen diseased needles. The assessment of
affected seedlings was made according to the criteria in Table 1 and Table 2 in 1979 and 1980.

The resistance of half-sib progenis to needle cast was examined in Experiments A and B,
which were established in 1982 and 1979, respectively. Experiment A contained 60 progenies
with 5X6=30 seedlings (spaced 15X 20 cm) per plot and 3 blocks. All plots in the experiment
were covered with fallen diseased needles and sprinkled as in the case of the full-sib progenies
described above. Experiment B contained 20 progenies with 2xX18=36 seedlings (spaced 1.7X
1.7 m) per plot and 3 blocks. All plots in Experiment B were left for natural infection by L.
pinastri. Assessments of affected seedings in Experiments A and B were made in June 1983
and June 1982, according to the criteria in Table 1.

The results obtained are summarized as follows :

(1) There were distinct differences in the development of the disease between the seedlings
from the resistant parents and those from the susceptible parents. In the former, the disease
developed more slowly and disease indices had low values. There were no differences in re-
ciprocal crossings. The intensity of resistance to the disease in half-sib progenies depended
on the orders of resistance of female parent clones.

(2) Significant positive correlation between artificial and natural infection was recognized

in the disease indices of the common 14 half-sib progenies (»=0.736).

(1) (2) Tohoku Forest Tree Breeding Institute
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(3) Frequency distributions of disease indices were successive in all full-sib progenies.
The phenomena suggest that the resistance to this needle cast is controlled by multiple genes
or polygenes with additive effects.

(4) Genetic analysis of the resistance of diallel-crossed progenies indicated that the ad-
ditive effects were more prevalent than the dominance effects. The dominance effects were
incomplete, and varied with examined years. Opposite results on epistatic effects were re-
cognized in 1979 and 1980.

(5) The number of effective factors (K =/2/H,) estimated in the diallel-cross analysis were
0.21 in 1979 and 1.62 in 1980.

(6) The estimates of heritability for the disease index in the diallel-cross analysis were
0.96 in the broad sense and 0.87 in the narrow sense. In the analysis of half-sib progenies
artificially infected, a high heritability value (0.93) also was estimated. On the other hand,
a relatively low value (0.36) was estimated in the analysis of half-sib progenies subjected to

natural infection.





