MR Bull, For, & For. Prod. Res. Inst. No. 300, 1978

2.

3.

I

1.
2.

2 X REE OB EEI B T 2 ZE AP

Takanobu Furukosmt : Studies on Pollen Control in

a Seed Orchard of SUGI, Cryplomeria japonica D. Don

'Ld’& L/’C fkﬂ U)/"]x}ﬂi“&u ZHELE T A, =
IJQ @Mﬂﬂ@)(d 5m FTTLENL [”K
3 Ja?ﬁﬂb\ THRH /\f?’ﬂx

mA% Cﬂa **}J:/
09/@3@, ’C(DZ< iJZ’HL)«?”?CJ’ O EHEE SN

v"%é ERTIEEEZOESHE %*Fii THE LI LA, B DD o T
¢ , TR, ERO 3 TEICHE LY PERN e T BRI G)({i“i?m‘:é%

07— Y OHEA DL %’»J) 71@5, {EELSR BT vE UTTEAERIC L > TN ERY
ARV, FERZOMEBOHEATT ORE LMk sz £ TR L. T DR
R AT 5 ?%f\ LD EREG C? bb‘ﬂ OB L EREL DI 572 TORINR BIEZERICE
i BESE R ORINE 7 e~ cot TEIEACHE O B s E L OHE « HETED BT nJCJﬁittcE‘faB’
Lo tvb(muk K &EDOT, {REEY, FREOMEERBOE—(LEIEIN L
RN IC DV TEE LT,

= &
/;L‘ hi %’j ........................................................................................................ 43
AR TR & T3 OO TG BT IR -+ v eveeeemmmee oo nmti ittt 46
I EIED T BN I T B EARETEER v vver e 46
D) T HE & e 46
2) Ed & P o R R R R P R eaereeenaesreneesatstasentaeteanonen 50
IAERENC B B TR0 DA RN TS TS BRRE o eoverereeeeseoese et 50
1) 5 TE & R eeeeee et 50
2) F & o R R R R R P O N 51
e iﬁ ........... a1
BARENER &AL AME R E OWEIC & 3 HEA ERGHIE DI oo 51
BEOBE & 5 e 51
/é*;tf:)&])ﬁiﬂﬁ&’/m ......................... N 53
D ﬁ{%ﬁ}iﬁcxbﬁm ............................................................................................. 53,

2) kMo IF
3) BB EKDTELE L 2 D HTLER ccreeer e 54
4) mA@Lk%/ﬁﬁ

D S UL
D M oH ok B

19774F 8 H25H 528

(

4
is

)

23

pr=3

41~120




— 42 — FEBRIBTIERE 553005

3) MR B DD T Brrrrrrrr oo e e e 59

U EEREEFICE TN 5 HIEEROEE & ERAKO LS ICRITT ARGEOHE 63
T HBEBE & T BEieeseereere e 63
D bk R, LREE, AERICOLTOREMRMOLE (C/S, CIW F) - 63
2) ﬁ’xﬂ&ﬁ‘ﬁ’)’é’ﬁ%fj @*ﬁﬁ .................................................................................... 64
3) AR ETEIRDPETE -veeevererrmmeeesmsr ettt b e 64
4) BFEEE RO IR IR e 64
)\Ifé?ﬁné%ﬁ@ﬁi@ P %@%ﬂ{ ........................................................................... 64
1) ﬁﬂl%ﬁ\@’fﬁfﬁ?ﬁﬂ (%ﬁ@ m-1, 2, 3, 4) ...................................................... 66
2) 2 2 LOREHEEAARAEEZNL (EER T0-5, 6, 7, 8) woooevvereeees 77
3) REERORSSFEAOENMICED B (FR -9 (1), 2, 6), @, 6) 83
1) /}fﬁ % D %@: %‘5 ............................................................................................. 85
2) @ % D Z‘{é ;}“ TR v e e vesnsateettonatorutncnsiaattasataintectastatottonatnnataronteatutasaanennsarnsatensnranres 85

3) /:E J& _-Eij: ............................................................................................. 85

4) ]‘gg 71; D /_:E 5{? Z;’/f: ............................................................................................. 88

5) BN EBE RO FEEL oo 88

6) E:f R ﬁ Wl ,1'&\ ............................................................................................. 89

0 ﬁ%ﬁ%ﬂﬁé‘bﬁ’@éﬁ & émﬁ .............................................................................. 89

8) EMEEREE L ETEE AR RILERD IR rerveerreerrerire ettt 92

WV 78— Y ORIENEED D% & ERAMRT 55 5RO BRIDIED oo 94
1. *j qu, & j}' (L ................................................................................................ 94
i L P 95

™

% 'é% 96
1) Ju—vitk Za;gjgﬁéﬁ@ﬂgﬂﬁb:&%@ﬁﬁrﬁ ................................................ 96

2) ﬁ ;@7‘) %‘« fg % ............................................................................................. 96
3) %ZLE‘E;G) ];%%/!@EU; T e /@ﬂ‘ﬁﬁﬁ\ﬂ] .................................................................. 98
1) e e HETEEED 7 B — ¥ EASTFRERID I D ICRIE TR orvoveesssreee 99

4. g 5: 3/) ............................................................................................. 101
VOB A B e 101
1 FEFERIC BT B E AR BT oo e v e st 101
2. HREZREHREWEREQLBICE B HIEHBGLDIEE -roorrersommrrssssne 102
3. /;{g‘?;éﬁa%fﬂ/%{ B Z”fZ) Hz’ﬁé)’:fﬁ@iﬁﬁ ............................................................ 102
4 f;ﬁ{ﬂ% e ?5 J/j' %ﬁ%ﬁ}ﬁf@ [:@ ]ﬁg IE}_ ..................................................................... 104

1 E@ﬂ\b} By (D FEHT OD TEL A v v veeveemmm e eon s sttt bbb 105

9) By T VR DA A D (e vereeerere e 105

3) H SRR DB e reerreerereeere et et 106

5. BEEE 7o i3RI BAT T DO TEAERT R oo orveeere s
Bl H j( @L\ ...................................................................................................... 107

Summary ............................................................................................................ 113




R E O E R BT A BRI (D — 43 —

F A b B

D B

EDSHV BN, TOBRESHRIIRER> o AEIN L
C oA, BAAFREE UT REEICH A A S AR 7 v — v
EEIBETORIMMEE LTHENTLABDTH S, Lvl, [H—
RAEDT, ZWDBH-Eb%
VER R, JEEEO btk

b OTH L, AWK THE, 2DEEETLER
SR DA SN EARICE 05 ATE

Fooa— KD EAEAEIERE O BN IS BRI R & L,

Ar\\

AT I
@L ‘/JI L‘jj

BIETHRID S8 U THRIERIT 2R ofTh N FIc L - T, £ 08I

RIICITh N B Fobicid, FRTENOBY M ERBSRETH 5, O

BUEY, ZhoREHaic R 5 LT

}E*’}@ [JIL‘L,

D,

& 7109 b
ECATAFIDNTMEOEFEN Stk E0BEBEE 5 &, 2 F (Cryptomeria japonica D. Don)

IR0 ORI ORNETH B E0NE A, AFF (Taxodiaceae) (3HIER IC 9B I5FEH - T, £
EEAEDRIERICSAEL, WINSERPOEROMTH 2, CNLOREICHE, BlfET 24MATE

ks L OERO R E SICBWTRAEWDNE Sequoia J&E Sequoiadendron RN &EN T AL, H

D 2 F & BTG 2,000 45, BIE 70m K ST 2 b O0EAET 5 (ARBREARRTELN, WHE
POV

AORES ORIV, AR T DI IE S BT RER IR DB S T 5
EHEZeND, TIhE, TOMEKDEAETIEMOKREIEELLH &, RKNICEREED T 5 AD
B, OB LTI B0 Ui ds - T2 F I RIRE B OB & 113 Rl o {E A R

TEHBAEIIRBTHN T AT TH 5. NG ICEERERO BIZbOEHSYichk~5 &5 L

CRELID, COWKIEN S, AFOREZEZ L EX, LD 2,000 FiCb B X AFDHLHE
L5,

* 72 DY

DAL, FAOVOI EWNZ S 1004 REOFERERNTHRELH AT AL T

KBEVHOBBEERESNEZAZAONLEDT, b & bWKOB L R 25 O IIC i
Do Licdto THEEICIE BB EE B U CiTb i 2 BIE I A D]

BRI EORERSE, Bk, MEREEND L, U LAFOARERESE, Hici oy rig
HATEE, BT ZHTNOKSPRERED & 5 BB 2T THEHIESEERBTON TN S SRS
T, CICEERNIC A DEFRI KT 2 BROME 523 THD. COEDL, —EDHME
FAEIC X BN S EWHERME TOWKREM T Y, FRBHBAER CTRMEE b BEN SRR o
—DEBZ RIS, AT OEENRKE, HEEMERATEST 2 LI b HELHERT
HY, NLAMIZX BT WM I DEFREIICEBNTE L ENH > TER SR, Uiz
MoT, MADBERRICEBO THRBIKCER L T 2 REF AT 22 LR TETHLYEORKE

AN D& TH L, AFE TR C OMBENAERICREY Ohicffd i B L, C

BRI E O A E Uice

A S LTHEl

FHFET 25510, BRIRIE S 3R - R

OB DV T HIBRT VBN H L, T T TRICD

SRR S RWINC & BILERENDOEA 2L DB T e, %9, HAEOHABE—ICE D
Hig, HABR T 27 0~ YiFCTH 2000, WHEDOEESNLZRROBETFT—




— 44 — WERBRE gL #3005

Wi, A7 a—ViICk > TRIBEEREMThh, BERFHEREHRICRESTObNsER LI TY
Bo bbb, BKNBEBIHRL, b/ o—Yh o EELEEA (Panmictic unit : Wrienr,
S120) WOBRETFORNEHEICE > TZOEFROEERNEZHRESINS, KL, COEBELRERAL
AR Wricnt, S120 3% ZRHEEN]D, %702 B3R LicERIT 2 Oh oA kDS, BETFEE 2
BRI W UREBSEE L, FUWERNE S - L FHREET 2 @EFICH T Panmictic unit &
IBEORDPTH S, L L, T TE—HoFAH (IUFRO Joint Meet., Section 3 : Inbreeding and
Coancestry. 1979, Unpublished Pap.) $2Zic LT, FEXEOEARTEATRHOD HEEO LR
70— VST EMERR AT > TE LVEENEZ b > FRERALAET 250 LT—20RER D
M4BT ERCREN SR LT 5, AT, MARDHEESZNTHEEREHRAL LT
SBENEE U FRBEZERNCEE LB 00TH 5 &7 51k, @FENS, OFEFHoksX, ©
DERE, OERERIBEBIT® RO 5 SOERICONT S B HENET SN IEE ST
(Merrier & Greee®®), 15 DEREZMRADFEEDOBAICH TRHTEATHS L, ® BHEICX
STHRED, ®EFMEKRI v~ YHICK - TikE S, T, OIDPVTH, EREROIC D FHBIENS
FICELL, b s0fioRASIL, &&d LTIRBRETFERICEMANTL LTNE, Wil
WHTAHCEMTELD, LCATEO, ®IEDPVTRBIEZEESENTbOI, SBEFHOERMS, &
BEEOEZFILALNEL, SLRKERNOGBATE LT IMEBLETH S, LrL, TOOEELT
MHATEZHDTHANEI PRDTHRE LTHBLEND %

Y, RERRCONTR, AFORERICEY 2 BRZTHERZ B+ OERN, >FH#s A
LEZ, TNPTFRESIOAENCERT 2EFNPBABITICENT, 7 0ELTELLNITAR

BRI & EOREDERERT AN T 2 XRESD 5. B, HOUETER SN T 2HROHEE
HETEZ N T AREHRIT, BEAEEAR (RETER) Th205, TOBEEMRITL LREE
BE (46G) 13 4G=In® (Jof2L TILEEE, »IRER) TRINZ. L LREICIPRE, (GER
Ko REFEAIDN) + GBI E SO ] + GREALSLOBAIER) O L33 HP L7130, ¢
BIEMERIT 4G= (481 Rt 482 Ra) +4g3s(A—Ry—Ry) L7375 (dgr, 4gs 48 BENZNRIEKRDTD
HERK, REABES IUBERZIENRSE LLGAOEENEE, R BERERICK 2MER, BT
B, 42 BHMBBRCI > TRICH S, 45313 481 D 1/2 &85, 4 BIU 4gs DHEINE 1S
BICUIeN - T 4G RBDT A L0188, F72 dg 1T XD BIERME LA &, HEHETOIZEERY
DE LIS DR RICH VBB REZ ohbd, #07T, HMCETAWEE LT, OFBEKCEY 5H
REEFRZET 5 L, ORERECHKEICHREENEOBEFBEL TV AERE L, TNAER
DRICE ED L7 OFREORIT B L ORAROIEALTHEERT S &, @EERMICK -»T2L b0
TeEARHOPICEEN 5 HIEHANEFOERICE S -T, EOX) RMHEERES I & 2% BUT
BLEDIEMBITONSE, Fiz 4g IWEHRT A EA D 60 IEHOBAICDN T, TEROH T R
PEMEDS EDRETH 5 02 HIE L TE LR NI 52,

RICBIICET 2RI E LT, YAKERRO BRI L 2 BT QAR PEENCRIZTEE LS
Fonsdm, oy EELEEMZELLELIEN, 23 DEIELEC BELETSEIERLE
UTEHSNS b DICERIETF RO LR DEDND 5o R FRARERRETIZ, LB
CETRLEB LY, BEMcB23E2BIKENRT 20T, 2OBTEENRREL, 4EEAB U TOLAE




ORI ERICIE T 2 L BERRIE Gl — 45 —

BRAKMICRAEIGTOEEEZ SN, L LEHoB B ERIC K D ERED, D, ik

OFWHZ NI SRRSO 2090 (thft« ) LnpN TN EZADD, B L EEfArE
ZAHEIU—VICEBERDPIBORENEHLNETHE D, SOICIHEETIE, DEARE 4.5 FOER
iD TR ] //U_L,Li Ik ’)_(jlmﬂl /F’I;{E‘K'E Z?/:P [ OJ,[?/; =l F7a— LB A{L’{LO)/ﬁsz’ C’é} L

WIS L. FoHI, MEEEBEEARAERL, KNS LG LBRbEL NS, CNoDEIR

i, ZHCEE T 2EORME DM GhEEEICHE LD ELET AR ET S,

1, TN DO AATTRES IR TR T 2 e EHBBEICIT - o AFOREWRY B L OH
SR DFE A S FHE L, WO KD 78 4 DO EA Lo RN geifme gl Lo

1. BREENC B 2 00 o 272 T & HARFUHRZHES 2.0

2. JA—RHED S Uk AR SR & AL SR & OB S AR AR A RAE T % o

&2, € OBERICE

3. Bioiicde s o~ VDRSSO EF L E

R SR B KO A D DR A BT 4

ERICES L

4. By o—YDOEFOBLREIO LN, EORE/
H LA EHTT 5.

58, AWTRTHD Py - 72 BRHE, 1964 454> © 1969 45100 i T ALE MR E SRS C1T - 7o 52E

71450 © 1976 SEDRIIC AR BT TIT - e KB 618 - T 4o
) COHTITBOTEBES X OLIBERIC 2N THILT 25805, BSRKDOI I ICED K,
s - Soci. Amer. Forester @ Forestry Terminology (1958) 1cfft - T (A1-B1-B2)-B3 DJHIcE

WIERERT I Lic, 2720 TEEAUE, BLIZE LAREK, B2 1358 2 WIKEIR, B3
TERMEE LT ENENOBREREIRT
WD 1A T 24FME A & Ue SAAEWAEENL, S5k ZzoB 2 B Lcbold, (1-2)

-2 &EKT,
RIS  KESRBROEHIC3I DA U, LEICHE L CHhRLEIZ S 51 2 2K o,
S AZEE (FrlEain
Wi HARZR
Co il (o ld i
Cr; {52200
Cs; flhz Hzg i
BB, COWMRE T T AIH LD, Bk
ZaeE WAN A et R R NESp S S - RIS o
BN f e EAARIE BT IR L TERIOIT O KRBT DD TN KERZINOE R T
AR UL SPEE, TEREAREE X CHEHBREES L B 2 T EMEE - oo ILO
LIREThH b, 610, RWRARE ZWHiEE
CEICIER O IR AT I SO A THELL O
BWTE, WAMEKIGERS X OHE wEEREHERENIT
RO 2 RER, BRFE,

B, MR E SRR
Roy R. Siwen -3 RIEEH SIS BE Sieil

B B OD 3 7 T R 2R

EALICK LT 53
WSS X ORLEE
A S Uice 705, BRMWAEEEIC
BEWRD 2 CHAE N0, S AR TFEBHME AL U R

* Fotll, K %ﬁﬂ:q;(ié;%’szim-%}, i

T)Jl\@x‘?& Lﬁﬁ?é*’l* DOTHU LS DTH 2,




— 46 — WERBREHRRE 53005

MM, EEFE, FHMAEE RABCBIUABHFEOSHEIE, BACAPLCOT—ITN
TRHBIBMLTOALE S, BERREE ST 5 & &S ICEROBINC S EERIZ NN, £, &
B OBE DT — 2 OIERICIZEN AT, BiaOLomMRe SMBENEEHTEL NN, TNHA
Fichic D EROBNRAAE > AR LTRE IR LT o BAER LB 5o

70, ABEICHANEHEDS b, BREKRASEEICE T 5805 5 I BIEETO—BI3, #H
OUIEE FIETENEEREL I DU ORERDON 4 DFN IV BRENISDTH L, N5
AR DOTRNCT VERS 5 HBERT ARETH S

I BABERLIEH OFHREERE

EARGAED & & THIERICE Ui MA O AR ThN 2B A1, e FIcHs LT 34
YRR, ZOEERRTOBE b - & bERRECEESTHA T 5D EZL2DREAT, %
FHPATEORTTE S0 L L, ABMICEREAEEIICBE, HRENT &REL - BT
PN ABENE 155, & CHERE LTRONI 7 0 — % 1 pIHCHERE Ui L TRERE D A
B, U bEWMOBKTHRENICEESES L0 RARSRETE, BREMGTOREEREBEEL
(R bDIEREEEARTNEEST . S5 0T LIFEREBRICKE CHET 5, & ¢
T, AXOREMEICHNT, EOREDHRAETMENS &0 HEE, EhOFHRMIBICET 2
FRRF S 20 THEE Lico

1. SHEMOELZHRPICHT 5 BREES

D Hik s

@ TEHEBETOHEZROLBE

ZET 31 OAHLTEEMENERENS ENbN TV AEETFIC BF, WPBXUOEIED AN

B (KRES®-m8-8), i 5ERENORAT2EXREHNT, BATHEFICENSBRRYE
ERDIED S, BIEROETEERA . TTATLEICK 2 HEZH & AREHOBT L 2B S#T
B RcBnT, HETIEES: LICHM L RREROM L, chEdiBd 5 BRSRERICHBEL

(IR DI I T B ARAEHEE Lice © DIERRMEZNIC X - TET 2 Hikh e BhOB 2
BEng, Bc (BRSHENTOMERSR) + (ARTHEFRTOMELR), Tl 4 X BHMEEAETH
HTE 2, AFOBARARERICEY 2 CNORETFORERBSEDEOC EHD, CHEBET
BLEETENE, 7 CTHEIBICE » THERT 2 BERKOREIEE L, ThEamEmks 5%
LBIANT B B A U R KO REEN T 5 L0 S HEE E -7,

Fihb, BRZHDOEONIERROMKORY (T) &REFAKY O)+EREEKE N) &L,
S5 D RERZHHLHEONILED (Ds) LMEERPGEONLED (D) HBREETSE

T T : Total number
D : Number of deviant seedlings
D N : Number of normal seedlings
Ds : Number of deviants derived from
V /I/ A ] selfing
Ds - Dc . N Dc : Number of deviants derived from
- - out-crossing

¢ AEB, AEESBEORICED, FETEESRBIEER L. b0 TN, CHEEENE O,
0B bOTH D,



2 F IR EO P ERIC B9 A e Gl — 47 —

T=D+N=Ds+Dc+N

LB, 2T, SR v— v,

CNBEN ) 0—vDHE, ~NTRTL
e O AT B TE R = MR O I, ME
# (T—4Ds) © H/4 {5-70 5, Ti5hHH De= H (T—4Ds) @il THEENL,

OElFZd - T AT H E9hid,

X T

T;Dy%E(T~AD®+N
LI N=T—D ThHiH5

T= Dﬂ'%gADsH+T ‘D

4D =4Ds+ T -H—4Ds-H

4D _4Ds, . 4Ds .

T T +H T H
41)*(1 H)+H

sz R &9

_ 4Ds

R="2

R A(D/T)-H
1—H

L35, coiid, BEFHEEELZ (P) &L, BRMEBEE (F) & UKEDSOR™ L URER LR
Lo 1k, COXTHEENENOERIMDS, 55403 N
DOFMAERTREINEIE OB, UL, CORRTIE, BERACE &MY, REMEPIC~ 20
OBETHA SN MERBELT LicbDTH 205, BENNIICHIE LD, TLERFBINTRES

NbObdHdEEZBTNTRLEN, SOICRIFROBICH, 2O BHUEREDEENEL A
FNTOLZELEBEZONLDT, FERELUTHEROELI VBN LA L ETHE2, Lird, D=
Ds EW0 A &R LIS, BRREZAMELO ARG EN S, £CT, &7 u—E2MEE Ul
REITHE AR OMRRZ FIFICH UM TEN L ERE Y,  HIED SHEA 2 BUEic X -

T3 1 OHHIICEE Lic 7 0~ Y D44 N TZ O HRZRERD & MIERARE Lize

COREEMOR I 6 DOBERZEA N, 2D 55 4 DEIFFROEEE 2~3m Il UCTECH
CHNEHTRE LD ThH 4., 98 1FEHE, o 25E% I-1 &R
LEMTHTN3: LICHE Lc B ONAEM 25528, TORRICH N2 7 0—-Y055HH

<, BT ORI

WOHBHEDIX28 70— VTHLHM, D3 LRBHOME
B, SAPLEWMFAEHELLDIEE / 0—VYThotie LB TH=5/23 &L, B 250HREN
WICB T AHETOMED/T=7/75 15, R=0.198 25 Lic, Tl L IiZrrd 3 1973 0%
B T4 05 BRI L TETOQE & H=11/47 ZE 1 L, FAIT 31 ONFEICES ULz BhiL 2

ADELDE 2/ 0~V THD, TDD

BARY, O/ a—VhiEohi R

D DIET-OHH DT=19/201 7> 5 R=0.188 2 &l L7z,
FH3FEE ATHOHEEER T-5 2580 2 & AEBC 23 7 0 — ¥ 1T DWW T 1974 4 HAE AR
FWMOFRREC LT D, WENLEE, W ST TERRTEEOS L ES /2. T,
B 2 FicH N D & DRI RS ARSI S e s, DIE0 3 1 OABRICEST ARRE LR



— 48 — ARSI HE 85 300 5

Table 1. E#BETE2HAOARABEROUEE
Estimation on the ratio of natural self-fertilization
from frequency of marker genes

- : Frequency Self- | Wind- | Rate of natural
Egglon K;?d of Name of - —— gelf-fertilization
year | gene hete?(i;zi})rgous | clones Normal Deviant D/T R ~4D/T)—H
| i I-H
1970 Xantha 5/23=0.217 | Tomioka 2 26 6 7/75=0, 093 0.198
1973 | Xantha | 11/47=0.234 Koriyama 2 125 30 |19/201 =0, 095 0.188
1974 | Albino 2/23==0. 086 Cr*TukmlO? 22 7 135/512=0, 072 0. 221
1974 | Xantha | 2/23=0.086  Abe 2 99 26 29/302=0, 096 0.326
, . - =0
1973 | Xantha | 3/20=0.150 Mean value of 20 matured 0.005 Negative value
Light ' ) | .
1973 | green | 7/20—0,350 | Crees at natural stand | 0.008 | Negative value
seedlings g
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Estimation of the ratios of natural s\]f -pollination at some plantations
which are arranged for a sdphngc of single clone or variety

HA BN TN

Locahty Ibaraki, Mito \Exp‘[ No. HI q) Yamanashi (III -5)
s one Pooled popmatmn Luluvar Lultw‘xr ‘P(,okd populatmn
Pollination type "o 311 families | NIHONBARE | YABUKUGURI | of all families
Cross- 24.8 53.9 \ 26, 1 | 27.9
Self- 5.3 8.1 [ 3.1 1 9.8
Wind- 14,3 22.1 } 11,7 | 19.2
o | —
Ratios of natural 53 69, 4 62.6 1 591

selfing (%) -8
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ABEOIHO, FREMBLLESDRERD S, OF R E—ERICLTRT & Table 3 L9
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Table 3. HEZW & HRZHE LB Lt ERO—ER
The experiment list of controlled self- and wind-pollinations

Experiment | Pollination | Yearly procedure

No. year P T o ‘ S R (R
. i 1 1 i i
Gb . P | s | Tp | Tp | Rb | Rb | Rb
-1 1970 i Od od
- Eg | Eg Eg Eg
e P | s T R Rb RI
-2 1971 ‘ P 8 Tp b Rb
‘ } | Eg Eg Eg Eg Eg
‘ | -
-3 1972 Ghb P s | Tp p Rb
Eg Eg Eg
Gb P S Tp Tp
1 1973 Fg Eg
’ od
| Ghb P | S Tp
-5 1974 | kg
| Od

b _ I
H) Gb: YLy YRE, Rb:iEEE, PR, Ez:fENE S xfiy, O0d: BAEEKOE
&, Tp:K#&
Note) Gb : Gibberelin treatment, Rb: Retained in bed, P : Pollination, Eg : Estimation of growth on
tree height, S : Sowing, Od : Observation of deviants, Tp: Transplanting.
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DD, LB E, DING! SEAT, REDI

B->TmRd & Table 3 0k

ML, Z0OHiT 1, 2EOK

% 30~50cm & UTEOFTMAIE W2 JRAIE UTHEOIE 464

S5OXIICHED KO TIHEOEBLI NS0 s T-20X3IC5 s BIEELHADDHH

DWT OBIEITIEY T-1, -4, T-50 3 DDEEIC D

DSBS OH

BRBAEEICE 5 TR - o7 o— VEITERD, T-5055128 7 u—Y LpRoEGEe T-3
DEILT4 7 n—vbhBEEEH5, CORED RIIFED Table 4 [CORT LI ATDI a—T
BRI LkcdDb b5, KNS, A G HIREZBRONT NI, KELEDDOWD -k, T/
BRRIC I ARRRIBRL BT 5 &, &7 n— V320505 L ARER
e ERTENEFNEFAELC LRI L TOEDT, HIBICAMO MRS Er -7, T,

’J

FEMNUREAREELICLDOTE LI n— VI
EAEEBBD, LT, M—2 n— Yo A, HARMZHTERSETCEREELCEBTEL

HOIRI STy, Table 4 1€ () TRUKLEDICHETFOBET

CRTI 176, HREMERTIR 175 Livy, @&

\a

HADEE T 144
15T Dhe 2 CTREMNLRBHEDOLIFICE, CNOoWIBOH HERDHBEFNTHNZEED %

@ c]i i l./fiu

2) FEHLFEIER

C DEBRIAHES, 200220
BOLENIT, UL, ZHICHENTIT-72 1
JHEFEROFNHHDOT, MTF lg ¥ OEMBFBEET LT

Table 4. #3

Number of families carried out self- and wind-pollination
in each experiment

i Number of Number of families ! Number of families
Expt. No. | i lones ased produced seed 5 obtained seedlings
for pollination ©g)p Wind- o Selt- Wind-
-1 ? 29 28 | 17 (18) | 23 16 (16)
| |
-2 1 28 | 28 19 (19) ‘ 28 19 (19)
o-3 | 74 67 | 74 (55) 61 74 (50)
-4 51 47 43 G 41 43 (36)
-5 ‘ 23 23| 23 (23) \ 28| 23 (23)

) () BHEEREARZWNOZIREMNC LTI o— Y0¥
Note) () showing the numbers of clones from which be able to create paired population from self-
and wind-pollination.
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EMT &I, INGDERERERC LICREBERINCESETRT E Table 5 X520, T
YT EFERERD 18.3% K LARZHMERIL 23.0% &85 DT 2 BE0EME LN, TOE
BEERE SMREK0.1% THETH -7,

3) BEEEROEREZOLBIE

COBERIIER I-1, T-4B8LT T-503 220 T Tz, BELLEEHRIAZEEY TIRAT,

Table 5. 18& % D F ZF K
Mean number of germinations per one gr. seeds

Expt. No. -3 -4 -5 gf{%aer;?rggnig
— T . -
QB Self- 16,4 1.7 11.8 18.3
B
s g Wind- 22.2 19.3 27.5 23.0
Ay ‘
W/S ratio 1.35 3 1.65 2.33 1.73
Table 6. EEMEKDOIEEL (FEEEERE/2EERED
Segregation ratios of deviants (Number of deviants/
No. of total seedlings)
Age of | Chlorotic deviant Morphologmal deviant
Expt. No. ol } ‘ - } —
seedlings o gelf- | Wind- Self- | W lnd-
o-1 365/1,855 ! 156/1,174 — \ —
42{ 707 | 51/ 614 116/707 | 30/614
| i
- 155/3,814 | 163/7, 666 — | —_
t | H
-5 One | 90/1 629 | 10/4,714 — ‘ —
J— I — .

Table 7. BHF, BFBIUCEHRAETHOSHL

Segregation of chlorotic deviants

Kind of chlorotic deviants
Experi- | Pollina- |-——— —
ment ton Albino , Xantha L1ght green seedhng
No. types (A) (B) (A) (B) (A) (B)
Ratio Number Ratio Number |  Ratio ‘ Number
- S 1/23 0 5/23 1 21/23 5
W 0/17 — 4f17 — 1/17 ‘ —
S 1/47 | 0 ‘ 11/47 1
-4 { ; i
i W 0/43 — | 12/43 —
_ S 2123 | 1 | 2/23 1 9/23 0
7 W 0/23 — 028 | — s | =

j:) (A) REEEEESEEL C"/’ffr‘\ff"‘: (B) iﬁ”ﬂr\@ SEERR3 LICEA URE
Note) (A) are the ratios of number of families segregated deviant, and (B) are number of families
fit to 3 : 1 segregation ratio.
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HUTIRT & Table 9 BXr Table 10 DX A1CH 5,

COZRMHNMOED T HRETE, WMER OIS M4HME TR HRE 113 0.5% L0 on

50 IQ—J-/J\i/fTA—K Botes 1072 1 #LEe {3 BT i, LpL, 22 TCH—IGT T 77
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Table 8. MHMAEEA Lo EREHH LIEOERDUTHED Bt

Differences in tree height between families with and
without deviants

\ Pollinati l*dlnlly Wlth deviant Family without deviant
Expt. No. ° Lma R M height "Mean height
Ly pe ean heigh ean heigh
No. of families (cm) No. of famxhu‘ (cm)
! - e b AETRU
_ Self- [ 10 18.0 } 19 22.6
. i : ‘
| Wmd- ! 15 26.2 23 25.6
I ) J L - L R
_ ‘  Self- 7 ! 16 | 8.9
? Wind- 7 } 19 10,1

) U-4 OHREREROTIE 5B KETHEEDRD -7
Note) Significance at 5% level in both experiment excepting II-4 wind-.
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Table 9. #i it & & O EFEF & = O SW I
Survival ratios of seedlings in each stage and their S/W

Years after
___germination ! 2 3 4 5
Seedling age (1-0) (1-1) (1-1-1) (1-1-2) (1-1-3)
Self- 76.18 84,92 81. 83 83. 66 —
-1 Wind- 90. 77 82.17 83. 20 98. 56 —_
W/S 1.19 0.97 1,02 1.18 —_
Self- — 67. 61 76,18 86. 77 98, 83
o | I-2 Wind- — 79,72 94, 51 93. 59 96. 00
—é) W/S — 1.13 1,24 1.08 0.97
=
=1 Self- — 53. 07 76. 10 — —
£ | m-3| Wind- — 60. 08 89. 20 — —
£ W/S — 1.18 1,17 — _
O
]
o Self- 60. 00 42.70 — — —
B e Wind- 64.00 72. 60 — — —
W/S 1,07 1.70 — — —
Self- 50. 00 —_ — — —
-5 Wind- 52. 00 — - — —
W/S 1.04 — — — —
Means of W/S 1. 10 1.25 1.14 1.13 0.97
Table 10. £ H M B EEE & =2 0 WSk
Tree height in each stage (cm) and their W/S ratios
Years after ‘
___germination ! 2 8 4 5 )
Seedling age (1-0) (1-1) (1-1-1) (1-1-2) (1-1-3)
Self- 7.32 20. 83 44.40 | 77.10 —
m-1 Wind- 9.72 30. 49 67.56 131.12 —
WS 1.33 1. 46 1.52 1.70 —
Self- 8.93 23. 00 37.11 62.98 96. 90
v | O-2 Wind- 14.74 34. 96 61.09 99.32 153. 55
—§ W/ 1.65 1,52 1.65 1.58 1,84
=
= Self- 14. 80 17. 50 38. 60 — —
| I3, Wind- 20. 10 24, €0 54,70 — —_
E W/S 1.36 1.41 1.42 — —
bl
Q
o1 Self- 10.20 19.70 — — —
A 4| Wind- 13.80 25. 80 — — —
W/S 1.35 1. 31 — — —
Self- 9.10 — — - —
-5 Wind- 10. 80 — - — —
WS | 1.19 — — — —
Means of W/S [ .38 1 1.53 1. 64 1.84
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Table 11. A I % B £ B o AN #

The lists of experiments on control pollination

FExpt, [Pollina- Pollination type
Np ’ tion Material I Test field & location
o- year Self- 1 Wind- ’ Cross~

(1) Diallel cross

| p
] | . | . Nursery of Kanto Forest
m-1 1973 Plus tree 7 31 Tree Breeding Sta.
- ,, Common tree ‘ . 1 . a ‘
-2 1973 seedling 22 436 | do,
Local cultivar, ! | )
-3 1973 cutting 8 6 45 do.
1
M~4(1)| 1973 | Plus tree | 6 | - 21 do.
| ‘ |
M-4(2)| 1974 | Plus tree 4 — 24 do.
(2) Irregular cross pattern
Con | Nursery of Yamanashi
1964 Plus tree, local T ~
-5 to cultivar & variety. 5 8 119 Pr(elfecl’(cural_Fore;,tI\)I[LXpt. Sta.
1966 | Cutting & seedling | and plantation of Morimura
| Co. Ltd. in Yamanashi Pref.

| Plus tree & local | 1 Nursery of Yamanashi
m-6 1967 | cultivar, N 13 | 18 82 P. F. E. Sta. & plantation in
. Cutting & seedling \ Minobusan, Yamanashi Pref.
Plus tree, local cult. i ! | Nursery of Yamanashi
m-7 1968 | & variety. 18 14 93 P. F. E. Sta., Misaka,
Cutting & seedling | | Tomizawa & green house.

Two selected Nursery of Kanto F. T. B.

-8 1974 Wind- and poly-cross

populations Sta.
(3) Performance at plantations

| f R | i | Lo
Iﬂ'~9(1)‘3 1967 {;%ceal cult. & plus |15 | 16 | Kasama Forest District
MW-9(2)| 1964 | Local cultivar — 7 6 | Mito Forest District
M-9(3)| 1967  Local cultivar — 3 26 | Daigo Forest District
M-9(4), 1967 | Local cultivar 1 — 8 26 E é{ta;nto Forest Tree Breed.

I i | - | o _

Table 12. ZEFERW, WTEE, F3HUROWAMBLY (-1 #
DARFIC OV T D HIEILH R T-1)
The rate of selfing in total number of pollinated families
(Expt. No. III-1)

Ttem Total number Number of selfing Rate of selfing
Number of pollinated families 38 7 0.184
Seed weight (g) 123.0 22.8 0.185
Number of seedling on seed-bed 3,144 275 0.088
Number of (1-1) seedling ‘ 1,800 157 0.078
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2, 3, 4)

(1) ZEE -1 (AR, Mz

1971 £RIC 7 DD REFRERT, S L
RIC X ORERAZ B L, 197341
THREAET 5T TOEREICITB LN
rETOeEEZHAICET SN T, 2D
®TAEOKICIE (1-0) WHowE:, ¥
776 AEFITIE (1-1) BoMEERENE
NEE L7ze X5IC74E6 AT, &
REBHOREEBER UL, D
EBp o &MuURic 80 5 BHEAE S
(-1) HOBHAKE 2 b EFREE
Lo

@ EHE R

CnoDEREN T 5L Fig. 9 @
FHIKIE B,

(a) XKW EbEEHME: O
RELTR 7 v — YO _HRZFE Ui
B, Z203H1 70— Vel e
NI - 7c DT, EBRICRELT BT &
DT EIDIL B (R) X7 (8)=56 DA
FEhETH-1co 2D BLEFNESN
72 DT 38 A APYE T 2OHITIIT D
DHEENBEINTN D, ZOHAEDE
BETRTCT—n LT 1 20HEHE Lict
AOHMOLED, ETFOERETII20%
BTHH, (1-1) WO A TIE 10% 5
&75% (Table 12),

(b) HRHERBIOWAOEE BT
1g B VDORFARFZE S - TEN TN
DEFOFEFEELT ML, TNERERE
RBNCEE S 5 & HERRIZ DT 10.6
% THHDIT, MEFERIL40.5% T4
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RIDNMEE R T HEWR (1-0) D (-1 WMOFBERRER/NE I - TN L0, RRDEE
ERPEN TN D, RICERBOHR A5 2100, SZROTHMEOMEAS & - TELL, HE
FRAEFVT/RT E Fig. 10 0X31Ch b, ok, LSBHERICE 253 (1-0), (-1) Aie & 1% KIET

AETH -, TNIEDEHBEERE, WINGTFHICHHE L, COBEIL 2ABHEISREDTS

() RFESR KBS OEFRIE Fig. 9 IR L&D IC HIER AW A1.7% THLOICH L, Miis
RIT70.1% &2 0, MERREZZOF B0 (1% KETHE) 278 Ui,

@ HEROS

(a) #AAEDLERESN  C o TH - RERLEGR EQRIMENE - 12 ich, AELEEHNICH
e 2 LRBTERh -7, T (1-0) MOWRBICEEEENE /o L L (-1 MONE»D

2, EiHLI S ETEISD 2 0% E LclAahEL2Hm LA GhEiEhOL

e o
s

ENTEI, 2CTRE, 22070y 7IbdT

B onieot, 3, shZnic20TH
ERLG A ORI OWERIT - 2o COBEREIEIEZHH DS
HTHETIS, Yarest®® & 7003 Grieewe®® DL THRAIEIT - 720 £ OHHIE Table 13 © &5

Fohs, SEAMETEARE LTOMT, Table 13 @ (1) ITRT X 5 IEdlAaabEiEs (SCA)
S LU EORICENZEN 0.1% Fihcid 1 B TE 5% oTce L L, FREMASDEREINC

BEL, & oIiEEai LicEr ok

b) C/SH: 0% C/S iz BrEETI
oo FIRIFRILZ.80, EAERIT 137 &5, WiER (1-0) 16T L4, (-1 WTL136 &85, C
NoDEPSVTNHMRLRLREARKHERLDEN TV LT EER LTS

(c) BREFMEODEE:

TH-tedy, AETHE (-0) MT13.50 & 73

T H

ZnH b

Table 13. 22 1 22 W 4 # 4r By &, (-D M
Analysis of variance of diallel cross (1-1 seedling height)

Factor S ‘ df v ! F

(1) .Analysis of complete diallel table

3.773 | 2.963

G. C. A. (General combining ability) f 11.32 | 3 !
S. C. A. (Specific combining ability) \ 66,05 6 | 11,008 | 29 88 7HkEH
G. R. (Average maternal effect of each line) | 65.27 | 3 { 21,757 75, 023%%
5. R. (Variation in the reciprocal differences 3 00 . Lo 0. 605
not ascribable to G. R.) i R <o R e
Total ! 145,65 | 15 i
(2) Analysis of variance without self-crossing
G.C. A. | sseo0 | 3 | 19.333 | 0.850
S.C A, 2413 | 2 12.063 0.530
Reciprocal 13654 | 6 | 22756
Total | 21867 | 11

Note) Significant level = at 1% and ¢ at 0.19%.
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D, O 2KRRBMEZRTH o720 ATFRENBELISOHETTI AT 2A, ELTHEI2EXE#HK165S
279 A L ABRNC, ok, HFRIOKSEXRMKLI05IC4 KDY B 1 AA NI,

(2) EB W-2 (BRZH, MEHZRE

BASE M AL BB D F bk S> 3 D & £ 1L E N 40 KD B & FEIEAICHI L, Ash 120 offlkD» 5,
FRICE Ty v—VERE Uk, T 5131970 FICEEZROEEDERL, B 1971 FICHA LT
RERAL Uk. Z0H% 1973 HICHA RIS 7 o — VORI Z R ATz, 20D b—I4 1358475 ZH
BEEL TN D, TAFEICEREMAGHhE T LICHAcE &M, 2D, KRICK->TELNK
Y- 3,443g @O B KPEREICHKS 1,847g 2 &MU, SOIH TBHFICRKEL, T6FR3LTOE
FEABO, RFLIEARIRE QITRINT 22 &8, 50 ANAERIEAICHEL, ThE2207
oy ZJIChITHEE Lz, £0% (1-2) M B UiTRomRIcE Lt L CATHRERB LURK
FAPEE Lz, ZOMICE ST TR—EME S S ICHRICBRME & 2170, FoEBikesERd
BUBEBH 572D T, BOEMTKBIMAZGENEAREINS SOIEMmE L,

@ EBRHER

(a) #MAADLERE AR ZEOKE, RBIB oy o— YEBXULRICHY SN s
S OMERBA A C SRS & Table 14 O X5 R EM -, F7z, Table 15 iCi3 HREZREL L
THW, Chickd EHMERER5HB LD, (1-0) HoREL» SED Lz AMESOEANIEK
F, 2020 2 AIciE, FITOHMCEE  TTH R,

(b)) HAKRDEE: O3 DDEMTIT- REROKRE 7—n LT, £z 38(R)x9(8), 27
(R)X6(B) BXU 25(RIXT7(B) DEELEMBIThNIEMELE L, AF%E ARLT (- #HO
WEILDWTHESRE DL & Fig. 11 OX51005, ¢ R GHER -1 LR —EORHREH
25z 31513, 2NENOHS T EICBREEEDL »BAIHEYNT 5, COMD SRS OHEN %
B 5L ABERERROTNG TRICA LTV 5, £z, BBRSI L - TREROFEE, S dREL

Table 14. % B %= B o # 3

Results of pollination experiment

| Number of Total Number of
Stand of ortet ti‘;é?ibifor?gs female Ngff;gg{ ofsf number of | self-
parents p combinations | combinations
MITO 38 i 38 9 189 9
NAKOSO 27 27 6 129 6
HARANOMACHI 25 25 7 109 7

Table 15. Kt & A& Bl B8 %2 B B E
Self-depression on tree height of seedlings

. Number of families : | Mean he%ght of 1-0 Self-depression
Stand Self/(Self+Cross) | Seedling : (1-D)
k i Self/(Self+Cross) =D
MITO 9/189=0. 048 20.0/25. 2=0, 79 0.21
NAKOSO 6/129=0, 047 ; 21.2/27.9=0.76 0.24
HARANOMACHI 7/109=0. 064 i 28.0/29. 3=0.96 0.04
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Differences in seedlings height and survival
ratios between self- and cross-pollination (1-1
seedlings) and their C/S ratios (Expt. No.
m-2).
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Frequency distribution of height growth
(Expt. No. I-2).
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BILHTODDS, KA,

DDELIL 5T B, ZDwh, BFEZEREDENTI 2 FTERE -, s LTl Lo
m&wﬁ@%@ﬁ%k%w%mf@my%@ﬁ@m#gﬂwomﬁ,ﬁm%ﬁl@ﬁﬁm&mw ST,
/J\@/J/L-‘f,)’ 5 uif_‘“/ ‘71)»\’,1‘&20

KEZ0.1%, 152 #1315 % TenenZifiics:
@ RS
() $AOHERET i1 & RBICSE AT IR & 75 - T 2B AHE ORIl LTEEEE

(1-2) HOMHEIC DD TKE & FHTOD 2 b4y TR A GhE e % 5183 4 & Table 16 DX DT/
Bo THITXBEKFD (1-2) WOBEEDHPEHICTHMMED 3HPIEHETE -7 UL, 40

EBHIARS C LR DBEPHMIVNS LY, FOMRBARE TS,
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Table 16. 1-2 HMOMES KUCEERICHET 2 ZEREOW
Analysis of variance of diallel table on 1-2 seedling height
and survival ratio

Character Survival ratio Seedling height
With Without With Without
) self-families self-families self-families self-families
Factor !
m. s. F m. S. F m. S, ] F m. s. F

(1) MITO stand

(a) G.C.A. ”2% o | 0165 ”z§q4 1,246 ”Tééx; 0. 661 ”T;Q% 4, 320%
~ 7=10 n=>5 n=10 n=>5 -

(b) S.C. A 336.87 1 20,04 0.179 1™ 95 125 - 6.990 | 189
=4 n=4

¢) G.R. " 1.102 1,783

() 112,92 =10 B 5,009 n—10 __
6 111, 745 S 3. 689

(d) S.R. 110. 95 - 2,509 -

(2) HARANOMACHI stand

(a) G.C. A, | "3 2.569 | #=3 4,550 | =

n=3

3
696. 85 617, 49 7.756 | O-31%| 7 35 ggg | 0-929
n==6 H=2 n==6 n=2
(b) S.C. A. 271.27 282, 92 2.089 1 7 o4 741 — | 80| 0218
n=3 . n=23
(c) G.R. 164. 20 1.540 Dt 49, 683 1,877 et
. =3 | 18543 =3 | 38074

106. 66 | 26,465

Note) =* Significant level at 5%

(b) CISkH : Mk - TERHIZ, 109, 128, 183 L K& BN SE4, FEHELOEHLE
HRELAEFERD CS A L5 L, Fig 12 1CRT L) ICREREBAKKMCE - TESL LN, BIE

FHEOE LOODRKFTHY, BEACHBERSLNOMBEETH 5

(c) BmREE/E: SHSOFTEHIIRT, BREEEAOTREZIFHMEE 2 Bl - 1B A TH
Hll, COEEFEFBEHAOHERERNZOBAMNTH »7cicd, BFRERIEZTOROD, F
EMTETRBIIERS GhE & 15,000 AL TH Y, FEHFEERBIZ 2,000~3,000 K T b - 720
T, BLZTOMERIHEETE 2, RSN HERETERT, FELIOEECOT TRT L, KO
X7 ITIE 5,

I (F B0 oF @ HF @ kil © [k

o (MAEE-—O gl @ FHaW, @ KHeam

N HEMAS TR FNCRBERERE T 2 ZR B EFENRHEERT & Table 17 0 X HiCis
bo AFFHRIPA TN, BIRESHUETRZ THLHPLEDEZS > T, HEBE LA

B, MBUFBEEERETE 3RS L AME D MRREOFBDRPENEER Ui itk & UTiIRE
0. F, MEAMEREBRIICTIELTASE, 4 AFIHD MERED 10 £ 72 - T
V508, R CIEARZENS L, KERBICHMBERLDOFTBE LI T b,
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Table 17. O ﬁﬁi '3?3’ Bk D5 EE

Rate of families with deviant and comparison on height
gmwth between with and without deviant

. ) . Avgraga No. of | . .
Pollina-| No. of i?;;hii deviants per one family | Mean height
Stand tion) produced | iy T T T T T Wity | Without
type | families | deviants | x| mean CIs deviant | deviant
| (cm) (cm)
S - ' ‘ |
S ! 9 0.4 | 7 0.8 | 2.1 21.0 19.2
MITO . ) ) | B B
C 180 0.5 308 1.7 25.8 25,0
. S ‘ [§] 7 31 5.2 0.1 20.6 22.5
NAKOSO i i 1
c | 122 0.8 66 0.5 | 28.0 28.2
- S — i N )
§ i S 7 0.4 4 0.6 1 0.7 31.3 25,5
HARANOMACHI | " o o
Co 102 0.6 38 | 0.4 | 28.0 29.7
wiC, (-1 WHOTEAREEERO BB L ZROEEE & BB LEOEROFENE &2 kT 2

ERUL Table 17 ICR L K5 IRHER E720, CORRICETAMDEMD EHE LA EESLETN, T
FRTIUATS IR A B0 E BN S & O%RE Ui, AREFNRT 2HERETFBREC
18- fefilfkid (1-0) MOBRBETHRESN LD THESL S,

(3) ZEh W-3 (A2, WRERE, £330,
Z ORI AR M, FNENOR OIS E

nid, IR

I

TR S EZA & RS

WMo

FREVPEINT D, COKEIS, Bl 5 ~10 4D 9 DO R ERICEIR 2 7 o — v & A A7

N7 - VEHLEHLETKE LD THE. CNOORE 19724E0 7 Bl V1Y VILERAIT
WV, CT3ED 3 BICEEETT - T,

© E R R

(a) ZRMAELEE HEE  HHISNTERE, 2RWE XCARZRO T ORN T (H
TUTeds, U T kv, VT RAFE, YT 7Y BROY 2 AFBNRFONEBA TS THD, &I
WDHFEEDT L, TERHE LTREEASERTE b ot RTEY 7 wovicld, TEENZEA
E0pd, HESZE 2L 50 ENTE M oTe, e, W65 L1050 2 7 v— ViZHEESD

g, HEERE UTREMTER D - e CORMTERIITHWIERZ, =kvosr, 724y, 7
¥RE, kVFAE, W6, Sl 10BN NREBICELNIDT, BFORA LD
THbo ZOKRE, RIT60RROEFMNELNLA, ZONFIIEEZIN S, MHEHIE 40, LR
-

5 BAERE6LM T3, Lt TELE & AN EICHIMRA » TN ETNIE Lk B
FHRHRIT 8/59=0.14 £70 5,

(b) 1BRYLOWMTELICRIFER D IREM V0B SN HERTOFEEREIL HEZR 0.72
g, HAREH 0.75g, MBHAR 0.75g, £2W 0.86g QIFICHEBEINANELIE o THDLY, hTh 25
BRETNFELURELIE 2 -T0 B, ULk LD 3 DT REDRID - 1o & OXREICE - TR FTFIE
1974 FIMHE D FHET TNTHMCE T 7c. COREP» S 1g R b IR R RS ZR, hE
e, BRZHINCRKY 2 & Fig. 13 ok 31, ZREEROEIL 5 BAIETH
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=21 §=1.7 N
— CIEL, BARZN, MEKELE

Ys=4.3 =15 B
200 20 ZREDIBEICE IR - T 5,

(c) M : A

3 4 10 Borb it LT, TDHBOEFER
_% _% HE b > THETRETH 5,
(em)

s W T ) s W ) COEBTIE, EMRSAEFEDS
Mo. of germination per Tree height of (1-0) ENTEILP oo & T T1975
one gr. seed seedling

.05 JIT, HHFEOK» ORFED
FICELET OWEBRE % 08k

0 Wy 0P we_
y/swu ;“"U ) L, THICE - TEERIDLE
20k o 20k v g e, fod e E C DEDET

B LW SRR 2B % 57
HETHY, PEFRLETHEEOM
ICHEEIC X APE BT L, W

a1

W p or KH-TtHRIIEBAADT L,
Percent of survival Tree height ot (1—1) HARAR & REWPEEL SULD
seedling

. = . N T, TOWEBRELC DEBMTH
Fig. 13 ZEERD, FHE, EERELCHE HERRE C ORBTH

(28 W-3) 5> TEEARIDNTHEHE Lice T D
Difference in germination, percentage of survival W D, 4 WA D -

and seedling height (Expt. No. II-3).
TeHIARDABHZ B L, KRR

ANCEEAEER L, FUL Fig. 13 KR Lz, ZHICK 2 LR HMERTRATHDOEN TS
FELURVMENETS -~ 720Kkt L, £XERIEE LS BEENEDP -To Lk L, Hr0MAADEESS
L, MALHRIE » THMERHE THE LENELZRT b DNH - o

(d) BHADOER : RIFLLMARITRTHEIET LG ERSE, BRI TREABNTIIH4E
D4 RIEE L. £ LT, "THFED 10 Aicid (1-0) OHOMES, /7644 Aic (1-1) HoME
ZZNZTNRE Uic, £ DRIe RS MERICE LY S & Fig. 18 DX I ITiE -7,

CORELDHEEMEMELNOER, FHHOFKFITRHE LS RS CBNLY, HRTRZNIZEKR
XL, L, (1-0) o WIS I 1.7 LIZDPPREMBENT TS, WEBFEMEE UTidMhz
HARIDMBELZREOFABHRERIRED -T2, 61T, TN OERRING, HENAEIEE A H S
RCRIRL, FEE, HBBIOCEELZEET 4L Fig. 4 IORT i, (-0 #H»s -0 W
WISDSEEESRES LRI - T, BREY, BELOIRELSNL-TVD, 209 BERERKIE, 0T
NOZEHRS (1-0) THT 0.34~0.40 OHATH -2 02 (1-1) WTIHER 0.1 9> B UEEIKS
(M ->TW5B, Fie, BER (1-0) HrS (-1 MIKiE PRIV TNORERRORELED, £
DIEFLBZE BT L L, BREZBDIIMEO 3 REMRR &R AT N TEICE I EHANHECE - T 5
BEASTARET 2 N OOMEN LA THRFBEROWREL, KEHERNICE > TREWER NS, KE
%y HBERBABECENTO O HAZH & MF LRI RENZ 0@\ E B U, ERMMHIC
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Fig. 14 ZRR0 (1-0) B X0 (-0 WOMEESM O T-3)
Frequency distribution of four pollination types in
seedling height of 1-0 and 1-1 (Expt. No. -3).

FLIE TN Do

@ HEROSHT

(a) MAAHDERED : IS A LA AR E T
1o TV A OBMEFE T 2RO THEMN L, COXERT
Man® O HEER,, BOBELUMOEEE - T, 4D0ERICONT
Table 18 @ (1) DX (1-0) OWHOHED LEL Uic—Miladbhahes (GCA), FEMAAD
BHeS7 (SCA) B LU—MIILIEMDHICIAEEND - 12085, BEAGHhEOEHEICITE
Motee XDICTOHD DS ARIEEROTHN LickiRid Table 18 © (2) oX3icizh (1-0) T
1 SCA »EE] My s T
NWAOT, (1-0) HERRRICHITT 4 2 LR TSP 78, BRABRO AT 4 & Table 18 D(3)
D&ICis b, 2T TIE GCA 135 % KET SHEd - Fohs, SCA ICIZA
EeRATLATEEY BEER CEicaD, SCA OFRE/NELTHE LKL -T,

RIC 4 X 4 OFEATL TSl &

97 75.’ 270 éf 5 (E /Jj&\'(d 7z D, Hay-

Rt € OFERE,

TH->T5B, 38, (1-1) HOMEIRST 24WH T TR T ¥ 2F¥0H

T, T D 2 DDES
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Table 18. . 1o 2 & © 4+ % & 1 &
Analysis of variance of diallel tables
af S m. s. F
(1) 1-0 seedling height with self-families
(a) G.C. A. 3 81,155 27,052 46, 843%*
(b) S.C.A. 6 82.418 13.736 52, 427%%%
(¢) G.R. 3 29,125 9.708 64, 707%%
(d) S.R. 3 2,953 0.984 1.037
Total 15 195, 651
(2) 1-0 seedling height without self-families
(a) G.C. A. 3 39.913 13. 204 0.0195
(b) S.C.A. 2 1,353,577 676.788 125, 215%%
Reciprocal 6 32,430 5,405 —
Total 11 1, 425. 620
(3) 1-1 seedling height without self-families
I T
(a) G.C.A. | 375.593 3 125,198 7, 645%
(b) S.C.A. 32,752 } 16. 376 0,975
Reciprocal 100, 765 16. 794
Total | 11 501.110 |
- - | !
Note) Significant level at 5% #, at 1% #*x and at 0.19% sk,
(b) HRHMWEE: T lg BDDOREFRERFIELALL, =k VSV, JE LY, TYRAFC

DWTHLEDONTHMEEREZH N L, 22 TR 1g

W7o D FEIFRE AR MRS LU H R

ZHIT, ENENT = UTFEEEHRL, 20 C/S, W/S » 5 HilsgA L 9, CfS,
WIS ZEMT 5 &, WOLHIT4A3, 2.7 EOSHEWEONG
FRE FHERIFR
H £ = kB (3) 8 5.3 C/s=4.3
M % £ 22 W (Cr) 5 24. 8
foZ B (Cs) 40 22.9 W/S=2.7
B R Z kB W 6 14.3

Cofid AT, FHROR R=(C/S-W/S)/(C/S—1) itk b, ZEMORADHMRANME R ZHH
T % LRA-FREBRICHZ TH 5720 4% EEOIEICE -7 G T 2D,

(c) BERFEEOLIE: aJUKIKCBY 2R ELIBBREEZWAN /LA SEHEORTM
WOHERR SNz o TN SN KD MBIBZ 2RFHTHR UTIBEERY, COMEEERRD 1g M
DEIFERHB I 1-0), (-1 MomE O MBERE (#=53) ZRKp 5 EROLHITED, TTH

ELET Y HEKE
1g M7 D FEIFAE - 0.2811 5%
1-0 DR — 0.3276 1%
1-1 HOEEHE — 0.1718 HEZELL
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Table 19. ZSEAER D FLH SRS 20 HE U 72 52 R M

Erequcm‘y of families scgregdted deviant in each po\lmatmn typ@

Pollnation tyve Nomber of familis No.of all |~ Raties of fumiies
Self- (S) | 3/ 8 0.375
Single cross- (Cs) ] 19 / 43 0. 441
Poly-cross  (Cp) ‘ 2/ 9 ‘ 0.222
(Cs+Cp) ‘ 21 [ 52 “; 0. 400
W1nd~ (W) : 27 9 0.222

“ %‘ 75‘1‘()

DOHEBFREME N, (-0 HOVEHNEZBROTHE TS -, COFENS, B
Z 5315’; /‘/lei)'i 1\0) J—&é} J
fo, COMMEREE (Table 19) &,

7
i

G SNBHEVS T LI,

A

A

o

75, NG 40%
BEQFRICTTOLY, AT ARICE > THBD THEDH O DOHH 7o, SHICHARTHE
FOME L OB GEA
WKE - T, BREELUHEEOSNEDNH 570,

(4) ki W4 (BFEh, MFREAZED

COFERIE, 197842 & TAHED 2 DE D > TER LI A E 2 7 o — VEIORELZE 8485
TN DA THY, FEODEIHENEETH 2, OFNEZREONHEIEIEZ I Uiz FAE O

VY TR LTI E ML S, £ 0E0 11 BICBREIEE LT 1B ICHIE S S5m Lo SRR

BHMEEAR S E LAY

FOMBEHEAE L D3, 09 ROEZRITTTNRD, o SRR

126 DDRER 7 0 — YOO EKBFERE RN,

O ZH R

(a) 1973 4EDZ (EM W4 (1)) : 2ORMTREIINIZED 54— b0 bIEFostss
<7<, H e ZE IR A Ao
REHEZNN 6, MFAZEMN 21 TH 27 HAADLETH L. LipL, COHAEHLED S BEBICHETO

FRERD

PROETHTH oMb s o — v EORBIETELED » T F)

ENTCDF N6, MFEHEZE 19D 25 THh 720 203 0.24Ch 5,

BLALEL R 72 1 15 & v i HE 2 18.9% CHMDT MBS

WICE D 5lce THETAM 4 AICIFAICE &4 “1g M DIERAR
BAEBEB U, TC0ED 11 Bk g UKk
TTAFEOBRICAE Uico 1048 T4 FOFKICEB DEL
THA S CHARDRBRERE LT, CIELES BICIHEL
b o THRAHEE L,

(b) 1974 FEDARL (R -4 (2))

S H DD EE

SEUTET ($)4xX(E) 7=28
o The Lichi- THIEREIL

OB EDLEED olce TORNFKITHIEL 4,

0.14 £ o7 CORBERTNTOESABRDETET AL ENTE, BoNKBEFOLEEE TS5

A_‘_.,l

D 3 )1 26 BICHEOTETHICE XM, BTG ARICRIER Lice ZDENCHRR LcBREOEAE, R
RECHTLZEEETEOLB I OHE T 1g B/c0? z, FEMNURICBY
5 (1-0) HOWES 76 4ED 4 Al Uiz,




MEHRBRETII S

Table 20.

Diallel cross analysis of variance

2300 5

B o2 & o i &

(1) 1973-Experiment [Expt. No. -4 (1))

Factor df S m, s. F
(Seed weight/cone wt. inversed in arcsin, %)
(a) G.C.A. 3 37.51 12,51 7,723%
(b) S.C.A. 6 9.72 1.62
(c) G.R. 3 64, 65 21.55 10. 361%
(d) S R 3 6.22 2.08
Total 15 118. 10
(Mean height of 1-0 seedlings)
(a) G.C. A -a 3 18, 41 6.14 19, 81%
(b) S.C.A. -Db1 1 66. 67 66. 67 444, 47%
-b2 3 10. 86 3.62 20, 11%
-b3 2 3. 34 1. 67 13.92
-b 6 80. 87 13.48 89, 87%*
(¢) G.R. -c¢ 3 42,78 14,26 203. 78%%
-d 3 6,02 2.01 8. 04
-t 15 148, 08
-bt 15 2.80 !
Total 30 |
(Mean height of 1-1 seedlings)
(a) G.C.A. 3 56, 985 18,995 3. 892ns.
(b) S.C.A. 2 9.760 4, 880
Total 5 66,745
(2) 1974-Experiment [(Expt. No. -4 (2))
Factor df S m. s. F
(Seed wt./cone wt. 9%, inversed in arcsin, %)
(a) G.C. A. 3 16,57 5. 53 0. 46791s.
(b) S.C.A. 2 0.02 | 0.01 0. 0009
Error 6 70. 87 11.82
Total 11 87. 46
(Mean height of 1-0 seedlings)
(a) G.C.A. 3 9.153 3.0503 0. 44830s-
(b) S.C A. 6 40, 828 6. 8048
(¢) G.R. 3 21. 483 7. 1608 6. 3891%%
(d) S.R. 3 3.358 i 1.1192
Total 15 74,822
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EHERLERS JOEKRLTOER
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Differences in germination, percentage

of survival, seedling height and height
growth in plantation (Expt. No. I-5).
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(a) BRRERERE 4 HFOZE BRI ) 2 RARRR L ZEMRGICE Lid 5 & Table 21 O &5

Table 21. Z B K E o 3 2 K A5 R o b &
Ratios of (No. of matured cone per No. of pollmated su’obz]us)

Pollination | (1) (2) (3) (1) | Mean value

type } Outdoor | Outdoor O ut door | Green house | experiments
Self- 0. 684 0. 345 0. 532 \ 0.718 0. 568
Wind- 0. 660 0.787 0.824 “ 0.372 0. 661
Cross- 0.479 0, 388 0. 589 ‘ 0.590 \ 0. 507
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Table 22. 1 ¥R & 7=

IR

W’elght of ywld seed per one cone

81 —

T o EE

Mean value

Pollination (1) (/ ) ( 3) | (4) of all
typ‘t-u ‘ Outdoo*fww | E)utdogr Ouﬁgoor ) w Qrceﬁ Tmusertw experiments
Self- * 0. 089 l 0.017 0.013 ‘ 0. 457 0. 144
Wind- ! 0. 068 | 0. 035 0,031 0. 330 0.116
Cross- 0.073 \ 0. 033 0,032 0. 370 0.127
" Mean of | o ‘ B T e * ., :
each place ‘ 0.077 | B o, 08 GOZu ] 0. \;?6 | o;ngw
IC18 %
160 - Survival Ratio

250 1R
WIEMIE SR IC R D R 208, HE
D70 et <
T 54 m2 13 E QPN ST
Foris
DAL LA NI Z1T 5 i,
SO M EVA D,
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Differences in survival per-
centage, occurrence of deviant
and seedling height among
families of poly-cross by big-
ger seedling group (U) and
smaller one (L) (Expt. No. I-
8).
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3) REEADILTL 2 ZROEMMICE T 2 (B I1-9 (1), (2), (3), (4), (5)
BALD & 2 A, REREOWICENT, RO 2 Z R EME Ltk Lo flid 4 < fands, BE
WA R DSEERE LI RICD R 2 4 DD WSy 2 DR EOBRMADERBA T B, T2 2) LD
NICEBO S B W5 OTARERR Uc KO BRI H 2 DT, ZHEJNA TS DOMS T 225
WAERRBALR U,

(1) haERs XCEFERONMEML
TS DA OB SR RS SRR Lz -9 (3) T, 3BXUC4MEFICHE
EL T4 (Table 23), 1045, SilBRHLO Eetl & e R E2BNT 2 Lo K91

@ JEEE M-9 (1) ARMEMWE, PPEEARE, (1-1-)-54F/E

COFERRIE 7 DDOARAE & 13 ORI 7 v — v AROTRBIE ZEETD, SRR

AR L2 dDTH L, INOORRBHITNE (-1 WEANTIZRBAZEHNE LTS
LT 1970 41 ZOMh, REMHE FELTHS 5RO T4 SIS LU FEZHEL
Table 23. sEMHICE T 5 22 RHA B B J U
Comparisons among pollination type on tree height
and survival ratio at plantation
Expt. No. Sapling Polhnatlon \Io of “Y(:ars after Mean tr:ee \ %urvwﬂ
; | : height
(ndmc) age type | families planting (cm) ‘ ratio (%)
—9 (1) (1-1)-5 Wind- 13 i 5 2241 76.0
S ! |
<KA AMA) Cross- i 15 \ 5 227.1 77.7
Cp l ; 5 218.9 | 83.0
S . . —— S S D S
| |
m-9 (2) } (-1)-5 | Wind- 7 5 0 17Ls 0 52,9
(MITO) Cross- . 6 ‘ 5 { 176.6 | 39.0
S — - S— S— — - - S— ,,E,,, S —— LA - —_— — ——
-9 (3) (1-1-2)-1 1 Wind- | 3 | 1 53,5 | 94.0
(DAIGO) | Cross- 26 1 5.9 | 97.4
i B 3
(1-1-2)-3 |  Wind- 3 a3 150.7 | 79.0
| . Cross- 26 3 134.3 | 81.0
(1-1-2)~4 |  Wind- 3 4 | 2005 0
| Cross- 26 | 4 | 188.2 83,7
l (1-1-2)-5 Wind-
| Cross-
JEE— S— —_— —— ‘
m-2 (4) I (-1-2)-5 | Self-
(K.F.T.B.S) | | Cross-
‘ N _
m-9 (5) C(1-1)-5 Self—
(YAMANASHI) é | Wind-
1 Cross-

¥ K. F.T.B BHEEKKTEEEO /UéeWF 7“.
W T H B
Note) XK. F.T.B. is Experimental field at Kanto Forest Tree Breeding Station in Ibaraki Pref.
YAMANASHI Experimental plantation was planted by seedling derived from pollination of Expt.
No. TM-5.
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® FER W-9 (4) BEMAREMSAIE, (1-1-2)-5 44

T DOEBRKIZERDEHIZHICE 2 BRE RETH1DICERT N0 THD, 14 DOHEEICS DD
HRARAGHE TR, HEO 8RR EMEHRMD 26 RREDLD, 1968 FICHTFEENT (1-
1-2) BEBKR Uize COMAREROT, T244 JICZ 8 AT D 2 MR DR LORRMAERT 72, T OHL
Jiid, HEOE Le YHHTH 5700, HEBSERIELLL, RESOERBENTNEHMO B LI
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Ed L, MFERE, BREIZBOIHICET LTSS, C/S=1.07, W/S=1.09 T, iz, HRZH
EHEEZBED, T~IBEESL. L UIERRE & HARZH E0RINEL, FREREDON

Bhrotcs

(2) #ROI
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HAORENEET - T0De LT, WEREERACAHTHY, & icBBIEICE L TidmE
TAHTEMTEN I ST YA FRICNAT, FEERICE T LM,
TR S R EN S S AN E LT, FREO RAREI O RS T A0 E R T
5o CORBOEEMNE SN HKER -1, W-3, M-4, T-5 5570 0-6 05, SREEERINCER LTS

% & Table 26 DL HITIE 5,

THNC L2 EHRZR LMBEREIE T LB LB HEEZRO 2 5L T, 20 HOE4ELOMERL
TNbe TOMAME, AEZBREARIRCMEZHICIETE U RBERIMET T4 T &2 UEoR

TWh, TTIKHMBET OZELDO ETIEDNT AFTRBE™ SR 4, F7 Pseudolsuga

o L L, TORFHIRERD

menziesii T3 Orr—Ewinegd® 32 FNIEFEDMEE & ICHIIERE OB T Bl oL iiEd 5 ¢

T 5T SarvastOol) | Kosgib06L,
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s
Cind,

BAEELTO26D0EH 5, 2604 &R

LTAFEBONTHMBROMEIE L T-MEAET 20 EHESIN D,

EDRRVACHNE I
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BonfibEzo CS it snTh sl Table 27 DXk HICiED, £ COET
HIEFZ RO ITNERICDNTIE, HESBES

pEFASNDE ARERE BEO D DA LT C/W
HAER LI, &5 T T W/S HOEHUAMBCEICETHEDT, 407 Offi (I o Table 10
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Table 24. & W #h © C/S &k L U C/W Kk
C/S and C/W indexes after planting on experimental field
— Age of 7 )
plantation 5 6 (1-1)-5 8 9
Name of (1-1-2)-1 (1-1)-4 or (1-1-2)~4 | (1-1-2)-5
_ plantation - _(1-1-2)-3
(Index on tree height)
(1) KASAMA C/S — — — — —
C/W — — 1.013 — —
(2) MITO Cc/s — — — —_ _
C/wW — — 1,030 — —
(3) DAIGO C/Ss — — — — —
C/W 0.974 -— 0. 891 0. 898 0. 897
(4) K.F.T.B.S. c/s — — — — 1.291
CIw — — — — —
(5) YAMANASHI Cc/s — — 1.073 —_ —
CIwW — — 1.093 — —
(Index on survival ratio)
(1) KASAHARA C/s —_ — — — -
clw — — 1.022 —_ —
(2) MITO Cc/s — — — — .
C/wW - — 0.737 —_ —
(3) DAIGO c/s — — — — | -
CIw 1.036 —_ 1.025 1.131 ] 1. 068
(4) K.E.T.B.S. c/s — — — — 1.421
CIw — — — — =

Table 25. FATFOAEICEKRTZHED W/S BXU C/S It
Indices, W/S and C/S in relation to seed production
Seed
Seed weight weight No. of matured cones Seed weight (&)
Ttem per one vs.
vs. cone weight | pollina- | No. of pollinated strobilus per one cone
tion bag
B | 0| me -7
No. (1) (2) (1) ; (2) | (3) | (4 | (1) (2) | (3) | (4
(Index)
wW/s — — — 1.0% 2.3 16| 05| o8 21| 24 0.7
c/s 0.6 1.0 1.1 0.7% 1.1 1.1 0.8 0.8 1.9 2.5 0.8
|
Table 26. BT ORFNICETEZ WS XU C/S K
Indices, W/S and C/S on germination energy of seed
Expel\lI“(i)m.ent m-1 -3 -4 m-5 | m-6
(Index)
W/S — 2.7 — - 1.8 2.6
c/s 3.8 4.3 4.1 4,2 2.8 3.0
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Table 27. #¥ : M3 5 CSE &L v OWIL
Indices, C/S and C/W on tree helght
Experiment Number
Index | -2 m-4 | -9
| men — Co W8 e TS 6 o
| | (1) (2)i<3)‘ (1) (2D (0 (2
LC/s 1 47‘ 1.27 | 1.83 | 1.05 | 1.50 | 1.30 | 0.90 | 1.12 | 1.00 — —] -
c/w | — — — 0,91 —  — | 1.05 0.97 - N -
{ ‘ | (1.26) (1.45)(1.34)
g 2 C/S 1,36 1.78 [ 1.22 [ 1.07 1 1,30 | 1.40 1.32 1 1.22 - —
3 C/W — 11.36 — — 11,00 0.97 | — - —
g (1.94) (1.43)(1.39)
& 3 C/S - — - - - = — — | 1.03 ol -
) C/W — — — - -1 1.04 - - —
%.30 (1.59)
g 1 s ¢/s - = = - — 1 - S — -
K C/w e et e - — 097
@ (1.59)
g | 7 c/s - =] = = = = o = =] =] =
~ C/W — - —_1 - - -— 1 0.99 — | 1.01 | 1,03 | 0. 89
”é | (1.82) (1.86)[(1.90)(1. 64)
§ | 8 C/s | —| —| — — - = = - el B
& clw | — - - - ~ = — — — 1 0.90
| | { (1.66)
9 Cls | — - — = = - — | = — 09
| ‘ ‘ 1 !(L. 67)
#) () AOfEIE Table 10 © W/S s (C/W)X(W/S)=C/S & LTHM LMl

Note) Value ()

(C/W) = (W/S)=C/S

Table 28.

1K D BRI O A1

BT A

D

were calculated C/S from W/S which were shown in Table 10 as

C/S &

ST C/W I

Indices, C/S and C/W on survival ratios in the different

stage of development

following measure :

——
1 2 7 ‘
Years old . , 1-1- 1-1-
ears o B (1-0) 7(\3 é)q , (1-1)-5 u g) . (1 1~ ))—@
. mee | e w2 mes o mee meo mes mee -9
xpt. No.| I~ 2| M -6 T g A
Bxpt. No M4 2y -6 T2y (Skotaskotks @@ <s> <s) ©)
| ‘ L7 |
Cl/s L4 1.4 1.6 1.1 1.4 1.8 1.2 1.1 >,4; — e —] 1.4
Wis | — — — 10 Lg — — — 27 —
C/wW ‘ — — — 1 .3 - —_— — 1,0 o 0.7 e 111 -
TH) % SARDEARE b - THEOR & Ui,
No;e) # ¢ Substituted index the healthy seedling ratios for survival one.
HOEFZOND, TLBEDLOMFIRLTNT Edbirb, 188, C/W O, -9
RULEEDICENTIZ LOBTFBE LR -TL 24, SMHMoBEBE T2 EHRZINOhicEENS
HEE, bbb L HRZBEDEN RO EHEEENL, CDT &
3, FER -1 X0 -2 THS ? EAMMBEE DRGERO T BYDSIR TS D AL D RS T L
TWBELERELDLEREBICEBTELCETH %,
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4) RogER

BODERABLTCCS AT LHTHDE, Table 28 DX HICIEID, FLAENL.0~2.0D[EICHD,
20 LIS ASDRBOMBERTSEL.38 L5, ChICHL WISIZSH K THBL0, 1.2
2.7 120, 1HREGDPREVEST TS, D 26d C/S ZDINSVEEE TN D, F,
CS DB OoNED» - (LD ERTIE, 40w CIW Q% E-THL LB EAENLORAD EER
-72e UL, BHIFLOLTOLDOR IFNGRERNECAND, REIDHABOAA > THIENHE
ZHEOFBERER L DEREIENE VLS, COX S ICMELMOEFERIT HETHL VLTS
FELIBY, LhbEREBESELECOVEITCORRBEL B, cOT ki, TOWMMTOERTHRKE
FERHICH - THEEABDPEELTL 20 IR SR - 2 H %R L, T/, Sorensen, ef allo®
hs Abies procera IC DV THIATIT » e B TABFEREBIZERRDO LSBT L A EZBBNEN S HE LS
RISE, COBBVEEMEN S MBNRMTARGETORERICENT, & CTIT - 7o R K
HWEOIFEUVOBETT/TON )i, ORI ICEIE 12 - T AMERITEFEARENE { @b
TREEVIRERICE e bDEEDLND, Lichi- THIBTRELDIBREER L TEL S &, EH
ELUTHRZEPHAZMICHANTHEZDOATFREIBD TR L2 3D EHEEINI S ZOFERD
2 id, BIOETH-h, TORICEEE, BREBIUCHEOHAHE LD -/, FERO -3,
M-4 TR, FRCE->TE - &Y EEIHNOWEENNTN S, O, FHhFPZOMOBRESY
KERAPWESEZ ONINC BT ERTEWEPD SN TN, WIFRIK LTS BREICHERT 25
R, ARG EERETFOSBICK DEFESET L EEZ ON5,

5) RMIEFRBEKROFEB

HEEEAXRT 2EENEERO—2E UTHER T LB RETBH 5. & O TEER -1, -2
M-3BLT M-8 ICENT, REFRELOBRTLGEREEHRENHOBTREAN . CTTHEL
TWBEDD bRBHFEHEBETFIEE AT - TRATIEATHD, Lrd I SEBILRETT
B 5T EIRFELOWEDC L THEBSN TS, Fir -1 EHFRBG L LA SRB LY, £
NLENCHE LRSI N L - tlBaShbe b D, BBEERBHLTDLIFRLIEL -/, UL, i
D3 DODERTIE, 73 &b 30% LLEDOFRICENT O 5, 585, M-2 2 O HARZH M Uik FHkD
CE->TERDY, T M-2, M-3OHEPLR, BA RXARCL-TLEBHZCEBEDOENS,
S5 DBOBEFONRFRELZZHERINCLE LT AL E, T-2, -3 &3 BEFH I DMFER
EOHICHOTPRENOL L -THAEY, ChIFEHNIKIZEE TR (EEOMICERD 5 SITVWATD
Sico FIMEERO BBEBEES M2 05, SFROBFARLEZEELLIL, FROFERBARKE
HET 2L, 1HRATRAREZNMBERE L OE LS B ST, o 2 W3 TRISICE K328
ORI DT ICE LI > T, FHEREZH E MRS OLRTRE -2 T2 (A LHERAT
Hotedi, M-8 TRERXRZHOFBABERBEH D HBBER BT, TCiKBNERE
Bad Tl L E—SHBET & L2ES, BERNICE ERINRRDO T PERZNER K DHH R
GO RBHEENELE 2, 305, B—BILRET KON TZORES ¢ &35 L8R BICH MR
TREELLTVOTHERROEAE P242Pq (XL P=1—9) OHRIT1/2 Pq OFHEREDs, Fofh
ZREDH AL PHHAPY AP QTR P2@ O FUEFRENENTNRERT L L1858, LT
AEICED 3 5EREDRRBIAZLRH TR ¢/201+9), FRLETE @/A+D)2 &Y, 0<g<I T
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Ui - 25 5%0 (1-1) WoSEEHES [
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L7 FRIMB UL ERICIEANTh DI EI/NE
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WCHRIFARB D Z O, BRI

THhbE1g Ui OFEFAEE (1-0) MOWER SEH o

MBS LI Tt 10, M-8 T 1 FOWARERO b TR DIES ~FTn OFTHEAELT
WAREZ K v—7 L 0N~ T EBNC EBERSN TS, COTHREARENEDD 5

chAHH, (1-0) HOHE

L3 - HARBMERO S 2 ACRITEHT RETH D,

6) HERETER
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SR L NFET% 7 — v Uic i, BITEOEE
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DHEIED TN, OIS

t TRESNTNS
1A ABNC DD LEEbDEBLEND, WL T, ZOARMICDLD
ROV v v E DT - R EH O D B, BIEGENIEsE O o2 mt LT—
UL, REFZME L, TR0 Yaresi®®, Grirrmed®, Hay-
W DI PIL DIERD B - Jo o AR ATIRFHE S AT CRBLRY
WA 2SN 5 Scaarrer 5% O 0/ 5 AHBEEFEEN TN DD, T - 2RREOZR
TSGR EEN T 2135
LTl T CTHRRHRE & OBBRICE DT, RO 2 DOBEEEE L
Jic & Ewnic,

® MAHobhbEitks R EIERDLIEAIE, CNOBEICKT AEEHASDE
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BEEDPD 5 HEE LT, ZERRICBNT 22 ZH0 DI E » OHEERERO ST EBSE LT
VT, LPdRVIELDRBERERZRY, 2 000 FEEZRELTAR, chick s & HEZR L
CEEDEERAADITOSEENIL LEE LTI 6HIOS BEHERBRI-10 (1-1) HOHEDHDS
Hotco

C DREMAEDEDOHFICONT Havman®® (3, T LICOHEERDE DI, Ipy Lis D3 DDEK
BELF AR FEARELTCNE, €T, (3 PHELEESE L3 r BEOBRKES LN BHR
7 Fi, LB r BEORME s BEEOXBEOREH yre &2 OMMZELER ysr OMDOEMRZED
3B L PAORECEDZEDEL, TDIB L TH, ¥ BRARDILIIRINTNT

= 2ty —nye)? (2. —ny.)?
n(n—2) nt(n—2)

7KL, ¥ BELIEICEBY S »r BEHORBREMO TN TORBERE LRREGE Lt D,
Yo BF 2 REICBY 2R EOHE
B ERROARHED 2 £

n
b :;lyrr C A ;"IQ?\%O){:}@O

BEMASEOEORMICHT 5 ABEORIAVEZHEL TS, UL, MRTRENRE 7 o—YDFEIK
1%, v OEBNCITAMBEHIC L 2HRNE LLENL EEL LN 0T, FilsabEoEEFEZICN

Table 29. #f Hic 2 WV T O M X K #
Diallel table of tree height (cm)
(1) Experiment No. -2

SR e, Male paré}i{ No. | t ‘

i

Female A Repricétidﬁ . ’ ) ! | | |
parent No.  \TEPTETHOR N
‘ H
3 | I 2.0 | 2L9 ss | 2.3 24.8
\ i 26,1 | 215 26,0 | 3L9 22.0
|
11 I i7.4 | 152 L2667 160 27.0
I 23.7 15.2 26,0 | 28,1 | 154
12 I 25.9 | 25.8 21.4 23.5 30. 6
1 23.7 | 25.8 10.7 25.4 | 217
18 1 24,3 | 28.4 24.8 16,4 17.7
i . 267 | 262 | 280 13.7 26.5
23 I 255 194 | 289 20. 1 22,1
I 158 222 | 202 | 212 17.2
(2) Expenment No }]I 3
B, Male parent name | | 1 -
Fem al;ﬁ NIHONBARE | KUMOTOSI AYASUGIL \ HONNASUGI
parent name \Reprmatxon ™ 3
. O —— " T —
NIHONBARE I 8.2 140 | 135 | 12.5
I 9.0 14,7 13.2 13.0
KUMOTOSI I 11.6 9.3 10.8 13.0
II 12.1 9.7 9.8 9.2
AYASUGI I 11.3 8.6 | 5.1 9.8
il 17 10.0 ‘ 5.0 7.1
HONNASUGI I 8.0 9.2 7.3 1 6.1
il 8.6 8.6 | 7.1 1 6.5




2 X REREOTEMERICHE T Z FyRtaE Gl i) - 91 —
Table 30. = T 2 W © 4 # & It %
Analysis of variances of diallel tables
(1) Experiment No. -2 (Tree height)
Factor \ S df m. s. F
a (G.C.A) | 79.77 | 4 19.94 0.529
b1 (D 279. 66 i 1 279. 66 17. 644
b2 () 152,71 1 4 38.18 2.120
b3 (rs) 56. 91 5 11.38 1.986
b (8.C A) | 489, 28 ‘ 10 48,93 4,196%
¢ (G.R) 39. 96 j 4 9.99 2.930
d (S.R) 30.17 i 6 5.03 0.214
t 639. 18 | 24 ‘
B :
Ba 150, 88 4 37.72
Bbt 15. 85 1 15.85
Bb2 72,05 4 18.01
Bbh3 28. 65 5.73
Bb 116,55 10 (11.66)
Be 138, 64 | 4 3.41
Bd 140. 82 ‘ 6 23.47
Bt ‘ 421.89 l 24 \
(2) Experiment No. II-3
a 81,16 3 27.05 46, 64%%
bl 57,04 1 57.04 211. 26%
b2 24,16 3 8.05 36. 59
b3 1.22 2 0.61 1,97
b 82. 42 6 13.74 52, 85%k
c 29,12 3 9.71 64, 73%%
d 2.95 3 0.98 1.03
t 195. 65 15
B
Ba 1.73 3 0.58
Bbi 0.27 1 0.27
Bb2 0.67 3 0.22 |
Bb3 0.62 2 0. 31
Bb 1.56 6 (0. 26) 1
Bc 0.45 3 0.15 ‘
Bd 2.85 3 0.95 ‘
| i -
Bt 6.59 | 15

1

Note) =: Significant level at 5% and =x:at 1%.
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Table 31. F &[5 5ERMICHERINS T TORRKOBDRE

Decrease of number of families from sowing to out- plar\tmg

{ | i
Pollina- No.of | o of No. of | Number of families
Expt. No. tion Ci}r%)gic_ted | carried out (fgg;g:g | -0 - Usable
type nations . pollination seed | seedlings | seedlings plants for
B | i i g 8% lout-planting
(1) Diallel cross
M1 S 7 7 7 7 6 6
‘ C 49 32 3z 31 31 31
T 56 39 39 38 37 37
g"/t%l) L 0.143 0.179 0.179 0.184 0.162 0.162
Index — | — (100) 102. 8 90.5 90.5
-3 S 11 8 8 5 4 4
' C 88 41 41 36 36 34
T 99 49 49 41 40 38
S/T O0.111 0.163 0.163 0,122 | 0. 100 0.105
Index — — (100) 74.9 61.3 64,4
m-4(1) S 6 6 6 5 4 3
C 30 21 19 19 19 18
T 36 27 25 24 23 21
S /T 0.167 0. 222 0. 240 0. 208 0. 160 0.143
Index — - (100) ! 86.7 66.7 | 59.6
(2) Irregular mating design include self- and cross-pollinations
-6 S — 5 4 5 5 ; 2
C — 119 101 101 99 ] 83
1]
T — 124 105 106 104 ‘ 85
S/T — 0.040 | 0,038 0. 047 0. 048 ; 0.024
Index — — (100) E 123. 7 126, 3 ‘ 63.2
-7 S — 13 13 13 7 1
C — 90 90 82 50 25
T — 103 103 95 57 26
S/T | — 0.126 0.126 0.13 | 0.123 | 0.038
. X L ] ,
Index | - — | (o) | 1076 97.6 | 30.2
Average | | i i - ‘ —
B lnde‘( i 3 | | (100) 99.2 J‘ 88.5 | 61.6

ATHBEBBC LB RES MAONLEINETH S, BEETICCOFET, FHRIM-2(D, BIUIL-3
O (1-0) WOWHEICHT 2EMD S BEAL TEHRR &75 - T3 Table 29 (1), (2) OEHERNT

AT 5 Ezhen Table 30 (1, (2) @LHiCLb. TNIKKBE L D2 (1D Tl L
HRE RV, M-3TR1%Y THERMAERLTNS,

8) MR AHEE LU HMEARBEOHEE

FE -1, M-3HX0 M4 (D RIEREARHE L, ZOBR» GILTSHARLRE L TORREE



Table 32.

* AT S bk R &

DI ETLICE T A R

M (i)

% TOMEB OIS

Decrease of number of individuals in each fanuly from sowing to out- plahtmg

Number 0( svedlmgs

Pollination Sown seed ‘7 - o B
Expt. No. weight | ["Usable plants
type | 1-0 seedlings | 1-1 seedlings | for
(2) f R . Out-plantatior
(1) Diallel cross
T : - .
M1 S 22.8 275 | 147 | 58
C 106, 9 2,839 | 1,743 i 1,405
T 129.7 3,114 | 1,891 466
| |
S/T ; 0.176 0.088 ‘ 0.078 0. 040
I 7 S B — —
Index ‘ (100) | 50.0 [ 44.3 | 22.7
—_ s ! 7 664 283 46
C | 1.7 5,747 | 1,827 1, 882
T 1.4 6,411 5,110 1,928
s/T 0127 0,108 | 0.056 0. 024
Index (100) 81. 1 44,1 18.9
3 ! 50.2 | 222 113 4
m-e) ’ J
| C | 213.8 72, 497 2,497 1,213
T 1 264.0 72,719 2,510 1,217
S/T i 0.190 0.083 0.045 0.003
Index (100) 43.5 23.7 | 1.6
(2) Irregular mating design self- and cross-pollination
-6 S 17,1 444 116 \ —
|
C 376. 4 10, 848 9,662 | -
T 393.5 11,292 10,078 —
S/T 0.044 | 0.039 0. 041 | -
i o e _
Index (100) 88.6 | 93,2 —
_ _ 1 L _
-7 | s 28.0 264 61 -
C 384.1 4,209 L0101 i -
T 412.1 4,473 1,072 ‘ —_
S/T 0. 068 0. 059 0. 057 | -
. Index (100 86.8 83.8 |
Ai‘;%reaxge (100) 70.0 57.8 4,4

LUBRZROHAM

#,
B & A 72 BASH
Mg S AR ZHm O &

(XTI ADT, T
Y &B I OHARAHEAEED LD TAHT,
DEMTHL2r6HEU L,
CEEDTHI, TNILLB L,
MAEHEOF I RSSO EORBESFE L - T 50,
72H DI DT,

Hila 4

F pe

AT—HOXRES

TRBRICBNT

O%kHe  Table 31, 32 ICRT X3 KRR O R H
-5, -6 1 ZHARITIETE - TN
FREFELHT LT, BEFT T
EENIRL A S &k D JAT
R OEERER NS -

IR T A DR ] UM AT U T BIEOM A A b e B iyic D
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{ 2cfedThH B, CCTHFMEONLRRIHAZEOBAIC R UL D ICEFBE i SIREL
T, TOBROBEWBRICEY 2 ARZN LAEREDFERE B LUHARKONES A 5120, 2hEh
BRELEREZ ML, COMED BEE Az, TTERBUEDVTRETFOBONILEREOEES 100 & L
T, (1-0) #, (-1 BB IR LROEFRMAIEH TR Lic. T, MEROEELS S DICE
AEETOERICK S HAMEARE 100 & LTHLEL (1-0) #, (-1 WE X0 BEAD HAH®D 3 B
I UTHEEEREERB TR Uiz, CNICE S EABERREL, BEALELBNLDOLHY, KBHE
AT & HICIE 5 TH 60~90% DB -T 3B, UL, M7 DL3ICRERZLIAREERE (B4l
B, BEE800m) THEM UKL BHAWE FRML 0% KL T 5, chic LT BEEEAD BOREIEL
<, HMRETHRZE 100 &5 & FHLT (1-0) T 70.0%, (1-1) HTR 57.8% Th 55 B 21T
5 &4 AB BT T2, COERMBOHEREEKRICIE, PRORIBENSD, BOSDIT 22.7% TH
B, HIIE1.6% S0 EAELTTESHOBRETI, AENBEAB-TLE-EMEH 3, ¢ D
EBRTE, BFEEEY, e EhoRREMN LI UTEM Lc O TERWKIZEC B1h - 7o EREMIC
REeXRoRAETEE{OTERFAND D, AMBEOLEIESIEL LI D EMESLS,

WV s0-YOEGHETERENOEZLERZER TS
BRZDEGEOLTE

CNETONCERD S, BEGR SN T 2 RERE CRBERLICE » THMENED 5N T D
T/ a—YHOIEMEMPIARE—ICE - T3 & &, 7 a—vollaabeicEtoEzsdD, Fh
MOAEBFEICE LR ZET 2 EEMER L. UL, Cofiicb RO EZLEE LY LRREL
UTREEBNSDICE 7 0~ Y OETBEIOENS b0 COREWSPICT 700, YNV VREIC
L BERETID 7 0 — VHED SRO AT - 1o

I ## & F &

1969 £Fip 5 TAEE T 6 DEMICh e - T, BERABEESEEL TN 90RDDAF 7 v—-V0D
9B, 4127 0—CONT, YNV VIBIC L 3 ETERNO BN EEN, COKBOTEENIZE
70— VDERETZHEL, BOTEEREOT R/ a—YZRERIL EDHBRLCETH s,
CCTREBENBOEG NS n—YOELEHOENENEND I 1 — VEMBEDETRE LIZEAIK
HFEERE EOBRERE—ICT 3 0ERIT LTH, CoBRIMEES AL TONRBET,
EX2%5cm OF%x 17 o0—v¥7ch 10~15 AR, 50ppm O Vv VIEKICEAKRERZERELT, 16
FOSEREL, BREEFTN L D TH S, CORENE 69 F5E, HHREI~ISERBLTOS
DTHHIUIFETDH Do Uil CHIEEN S AR BT OEEMICAZFEHTH L, L) v
RBEORHERAE L7 Alc 1, 8 AIC1IETH -72hs, FILDELHH LTV, HEEDOH
i, MEFERIEERCE, EHEBEBRICE L L L OB B E LT, ZnEh 25 cm BORKICD
WTCOE DA, S, COMNBE LiBMEORIZR, BHEEASHRELRS ONEh -7
B8, 1971 4RI MBI B ARBIENE D - 7 DT, WEBEEKIZ DN T AR UEHOREZREY, 25cm &
OBIC2WTO BT L HIEOBERE R A 7oo COMEBEICS EDNT, 4127 0—vE 1BE LTH
TEREL B v~ VEEOAITP S, YNV Y VI K B FEOMEBREDL I BESEZ S > T L H
TRE Ulco S THEIELHETREZ D COELBEILZC LD, HBEOHBBRIK SO TEREL
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CRAHDH D
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j\ /J\U)w \H/\l Lﬂ){\L‘ ’L,tb&/ bf:c

DT RLIC

B9 2 BEp At Gl

LE A
'ZJ (=)

WIS BT B

2. x
9, 6 PEORBRIREENEN, FEIICE &, WA R LcfOGBREAT (4 O¥ESHR

FT1HANPL T BETCOR

AUREE) AR & Table 33 DL HICIE 5,

¥l BEONE Y o— VB LU n— Y OIIEO B EHETED T & 29 T5Rd & Table 34
Table 33. &% B4 12 B 1 2 GA LB © I &
The date of GA-treatment and Lcmpemture record in each year
e : s S S
Year ! 1969 1970 1971 ‘ 1972 1973 1974
st Middle | 6 to 18th, | 28th, July 18 to 20th, 9 to 11th, | 23 to 26th,
Date of of July July July July July
‘ 7 T i - R 7,) :7 - F l 5 o ) } o
treatment = Early 10th, 2th éath? July  25th July | Untreat-
2nd August Aucust August to to 3rd, | ment
(Obscurtt))\ g Augus Ist, August Auquqt | o
Mean temperature ‘ - . f 5
of April °C) 13.2 \ 12.5 12,7 12.9 g 14,4 12,1
“Accumulate ) \ N I i
temperature 2,809.7 ‘ 2,631.4 J 2,708.1 2,899.0 2,819.0 2, 870,7
_January to July o ) i 0 ) o
Table 34. GA JHIT X 5 MBS SOHTED R MBI 5
HERRER B LU oEHH
Statistical values; arithmetic mean, standard deviation, coefficient of
variance, skewness and kuritosis on number of female strobilus and
male flower clusters in the case of GA-treatment
(1 unit=20 strobilus or clusters)
,,,,, e ‘ e B S
Experiment year 1969 1970 1971% | 1972 1973 1974 ‘ Total
e — ‘ ‘ L — =
No. of clones | 119 86 | 197 L sl 02 13 | [ié?
i ; - . S S —_— ‘ . N S S—
5 | Mean number 39.7 40.5 1 61.8 (8 0) 59.9 | 84,/ 42,4 52,0
Bk  s.D L2601 27.2 0 4001 (7.6) 37.8 |  se.1 | 416 38.8
_3“; C. V. | 0.66 0.67 1 0.65 (0.95) 0.63 1 0,66 0.98 0.75
*?e’é Skewness (gl) 0.94 1.33 | 1.60 (2.89) 146 | 1,83 | Les 1.48
H & | Kuritosis (g7) ‘ 3. 38 5.11 | 7.33 (11. 19) 5,73 1 5.85 | 6. 08 6.90
T . — - — — ‘,‘ — — - — i e e —— SR —
N ' Mean number ; 66.7 97.7 137,7 (9.6 ) 93.9 103.4| 89,6 97.9
S& S.D 29.9 4581 766 (12.7) 48.3 52.8| 59,1 58.7
8 GV L0045 0471 0.5 (1.32) 0 0.51 1 0.72 0. 60
B H
23 | Skewness (g) 0.7 0.47 | 0.56 (3.08) 1,20 0.49 0,95 .06
O = | Kuritosis (gz) 3.88 2,98 2,88 (11.51) 4,24 3,07 3.56 | 4,43
ok () W@ﬁmit{%iﬁ%m?o
we (412) U7 0 — YT 412 TH AR 2AMERL 7 n—vEROK O L H 5700 6 DEOATN
691 &755,
Note) =# () are that of natural flowering.
wk [412) Number of treated clones during six years was 412, but some clones were treated in

twice or more in different years,
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Clone frequency distributions of female flower bud and

cluster of male flower in each year during 1969 to 1974.
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Table 35. 15cm E D i

Range of flower amount bearmg on one twig of 15cm length

e — : {
Year L1969 | 1970 | 1971 1972 1973 1974
No. of female flower strobilus | 1-118 0-167 0-243 10-305 3-214 0-220
i
No. of clusters of male flower | 0-178 1 9-223 0-413 | 17-243 7-313 1-300
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Table 36. EERE O/ DICESIETEEREE TS 0 — VY DEHSER
Percentage of clones which have effective amount of flowers

for random mating (%)
Year 1 1969 1970 1971 1972 1973 1974 Mean
|
Female flower : 57.1 57.0 77.7 80. 4 88.2 48,8 68,0
Male flower 93.3 96.5 95, 4 98.0 95,1 79. 4 93.0
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Frequency distribution map on vield seed amount in
ecach family produced from reciprocal diallel cross
among 412 clones, showing model population was
calculated with products from the number of female
flower bud times that of male flower cluster. The
denoted numbers on map are showing 1,000 units
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Studies on Pollen Control in a Seed Orchard of

Cryplomeria japonica D. DON

Takancbu Furuxosmr®

Summary

In the last two decades there has been a decided trend toward the increased use of pheno-
typically superior tree or stand as seed sources. Most current Cryptomeria planting programs
in Japan have gradually become based on seed collected from seed orchard of plus trees. The
essential work of establishing seed orchards is now almost completed in this country. Although
many ecological and genetic problems associated with seed orchards are still to be solved, the
field techniques of establishing and tending them through their initial stages have been com-
pleted.

In the next stage, only minor improvement is expected from improving the genetic con-
stitution of seed orchards by eliminating inferior clones. Major improvements will come from
research on genetic problems. Experiment on natural pollination in seed orchards is a most
important problem that will be carried out separately on one of several parallel lines. These
include pollen control problems such as controlling rate of natural self-pollination in seed
orchards, differential growth among families derived from seed of different pollination types,
and variations in proportion of self-pollination families represented in a wind-pollination popu-
lation.

In the forest tree population genotype numbers, the factors which regulate adaptability
as a basis of productivity are fitness of each genotype and its frequency in the population.
The number of genotypes represented in the seed orchard in the outcome of artificial selection
by an index of growth rate on each individual. There, however, is the possibility to include
higher frequency of a genotype of poor adaptability depending upon unsuitable pollination
type, after recombination of genes has taken place and a new genotype is bred. Therefore,
in order that a seed orchard may achieve the objective of forest management, the pollination
types which may elevate the genotype of high adaptability and its frequency in the panmictic
unit should be enhanced automatically in the seed orchard. In this study, the author divided
the pollination types into self-, cross- and wind-pollination mixed self- and cross-pollen, and
discussed the differences in survival among those types. Another purpose is to study the in-

fluence of various proportions of selfed seeds or seedlings on the whole population. Adapta-
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bility in this paper is defined as the overall general category which includes evaluation of
seed production, germination energy, survival ratio of nursery seedlings and of saplings after
plantation. Effect of competition among families is entirely disregarded over the whole period.
Consequently, the result are somewhat different from that of seedlings derived from an actual
seed orchard. However, as it is clear in the other wild population where competitive power
of the families from self-pollination are weaker than that from cross-pollination, the deleteri-
ous effect of inbreeding depression of offsprings from seed orchard as here presumed is the

maximum. Hence, in practice adaptability would be underestimated by these results,

1. Experimental metheds and procedures

The experiment of this study consist of 4 parts. In Part I, the pollen dispersion in a seed
orchard of Cryptomeria was investigated and the effective distance of pollen flight was estima-
ted through 3 year’s. From these results, it was revealed that the degree of selfing results
both from pollination between ramets and geitonogamy within crown. In Part II, through
five experiments in the five-year families from self- and natural-pollination were produced and
their practical characters were compared. In Part III, from results of a set of 8 pollinations
including two or more pollination types, it was assumed that each population is a mixed unit
that has a given number of families. On this supposition, an examination was made of the
process accounting for loss of individuals belong to each pollination type, through the stages
from seed yield to selection for outplanting of seedlings. In addition, studies made compared
growth difference of progeny for several years after planting in forest conditions, In the
particular study in which a diallel cross was undertaken, whole families obtained from re-
spective experiment were pooled. The pooled populations were assumed to be a panmictic
unit produce from the seed orchard established with the same clones. In this population, the
fall-off in number of families or individuals due to selfing were estimated in each stage. In
Part IV, estimation was made of skewness of a 412-clone population for flowering ability as
one of the causes of great variance of number of each family included in a panmictic unit.
In addition, an assumed population calculated from number of male and female flower buds

was compared with one from control pollination.

2. Ratio of natural self-pollination in a seed orchard

In a middle-aged forest of Cryptomeria, the selfing percentage was close to zero. In a
young stand planted composed of many of the same ramets, selfing percentage reached 60 to
70. In a seed orchard of 3~4 meter height, where ramets belonging to the same clone are
artificially isolated, and different clones were mixed, it was found that there was 20 to 30 per
cent of self-pollination within a single crown (Table 1, 2). Although I could not find previ-
ous research records in which natural self-pollination rate is directly compared in different
stands, there is research work underway on natural forest of Japanese red pine. According
to Ousa ¢f al. (1971), albino, xantha and light green seedling appear from recessive homozygous
of single gene at segregation ratios of less than 5 per cent under natural conditions. However,
in the crown of a solitary tree, a 40 per cent rate was reported for Japanese black pine (Ousa
et al., 1971) and 100 per cent for Pinus nigra (Jounson, A. G., 1948). Concerning Hinoki cypress
for which morphological feature of pollen in quite similar to Crypromeria, Mivanva (1962) in-

vestigated germination percentage of individuals in a plantation of a cutting cultivar named
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Nangohi. He concluded for individuals located adjacent to a Hinoki stand of seedlings, that
the lower the genetical purity stand, the more the cone bearing and the higher the germina-
tion percentage. This suggests that self-pollination percentage differs primarily on self-pol-
lination conditions in a stand. From this array of ohservations, the rate of selfing becomes
higher under some pollination conditions than in the middle-aged forest tree planted with
seedlings where self-pollination rate is negligible. In stands which many ramets belong to
the same clone, the chance of self-pollination occurs freguently as the case of the above-
mentioned Nangdhi cultivar. Self-pollination is especially high in cases in which the mother
trees are planted in high stands when given ramets are planted in several lines. Another
reason concerns the case in which flower bud differentiation induced with gibberellin solution,
because the treatment brings an unbalanced flowering of male and female., Concerning the
natural pollination of a seed orchard, if perfect random mating takes place in the case of
seed orchard composed of n clones, self-pollination is expressed by the ratio 1/n. As a conse-
quence, if geitonogamy does not occur, the higher the number of clones, the rarer the rate of
self-pollination. In the case of n=4, the rate should be 25 per cent. However, as estimated
in Part I and Part III, in spite of sampling a coosiderable number of clones, observed values
were much greater than 30 per cent, so that majority of selfing is considered the outcome of
geitonogamy.

The effective distance of pollen dispersion in Cryptomeria seed orchard is unusually short,
It is less than 10 meter as estimated in Part I (Fig. 1, 2). Crossing between ramets of same
clone is almost absent in seed orchard designed so that the ramets of same clone are separated
1 or 2 strips. From this observation, it is concluded that geitonogamy occurs easily in an
orchard. As Sato (1934) points out, some saplings bear only male flowers and some only
female ones, but after attaining the adult-age, the female flowers were born always high in
the crown and male ones lower in the same tree, so that both have habitat segregation. In
the case of a seed orchard, however, the vigorous sprouts bearing much female flower-buds
are removed by man. Both flowers of male and female are mixed at same position, which

accelerate the geitonogamy with orchard age.

3. Inbreeding depression on several characters observed in comparing

control self-pollination with natural pollination

Paired populations from self- and wind-pollination were created from the same clones
under the similar conditions of seed orchard. Germination results are summarized as follows :
the field germination percentage of seed derived from wind-pollination is 1.7 tims higher
(range; 1.35~2.33) as compared with 1.00 for self-pollination. The survival ratio of seedlings
from wind-pollination is higher by 10 to 20 per cent than self-pollination during 1 to 4 years
after germination. However, the difference becomes slight and almost none after 5 years in
the nursery conditions (see Table 5). For one thing, of the performance, the environmental
stress in the nursery was more mild than those of field plantation. The difference in height
growth between both progenies became larger with time, and the ratios of W/S (means wind-
[self-) were calculated 1.38, 1.43, 1.53, 1.64 and 1.84 respectively, as measured for 1 to b years
after germination (Table 10). Such ratios increased by ca. 0.1 every year from 1 to 4, but it
increased by 0.2 at the 5th year. Pollination types strongly influenced frequency distribution

of individual plant height. There was a great difference in skewness (gy) between self- and
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wind-pollination (Fig. 6, 7). Distribution of individual plant height from self-pollination
changed from (-+) to (=) through time (Fig. 8). Pairing of deleterious genes that suppress
the growth of seedlings are more frequent in self- than wind-pollination, but such genes ap-
parently diminished year by year. The frequency of visible deviants in self- population was
higher than wind-pollinated ones, so this made us suspect that frequency of pairing of dele-
terious genes including invisible ones in selfed population were higher comparing with that
derived from wind-pollination (Table 7).

4, Fitness of self-families and individuals within a

panmictic population

In comparisons of self- and wind-progenies, and self-, wind- and cross-progenies in Part
II and Part III respectively, it was found that self-progenies, compared with wind- and cross-
progenies, shows little difference in the quantity of seed produced, but shows considerable
lower capacity in field germination per cent and survival ratio. In respect to growth, self-
progenies is the least among three pollination types and became higher with self-, wind- and
cross-pollination in order. The reduction in ratio of individuals from selfing was greatest in
the nursery, particularly at the time of selection for out-planting. Therefore, in order to
enhance breeding effect of seed produced in the seed orchard of a given genotype, attention
must be paid to lower the selfed individual percentage. Wind- was inferior to cross- in re-
spect to survival ratio and growth. The difference, however, became gradually smaller after
out-planting. Together, these observations suggest that selfed families which were included
within wind-pollinated ones, were nearly eliminated naturally at the time of out-planting.
Therefore, it was concluded that if the rate of self-pollination was not too high within a po-
pulation, wind-pollination families are almost converted to pure, fully out-crossed families after
out-planting. In order to probe deeply into this observation, the author assumed the set of
diallel cross experiment in Part III as one population from a random mating, and researched
the process of decrease in selfed families or individuals included in the putative population
during the stage from seed to sapling after out-planting. From this data, the author estima-
ted how much self-progenies remain at the stage of out-planting. The ratio S/T (self- vs.
self- 4+ cross-) described in Part III (Table 31, 32), were averaged in each age from the stage
of seed to the seedlings as illustrated in Fig. 22. According to this diagram, self-families
make up to exist of 60 per cent of the population until the stage of cut-planting. However,
selfed individuals survived only 14.4 per cent at out-planting. Since this percentage is the
accumulated value of Sd (quantity of seed) X G (germination percentage) X R1 (survival
ratio of 1-0 seedlings) X R2 (survival ratio of 1-1 seedlings) X S (selection rate of seedlings
at out-planting), if those values, G, R1, R2 and S are constant, the rate of selfed seedlings
at out-planting is determined by the S/T ratio at the stage of Sd. In order to represent this
relation, decreased selfing percentage of families and individuals are shown in Fig. 23 divided
into four stages from the yield seed quantity to number of seedlings for out-planting. Accord-
ing to this diagram, if selfing percentage is less than 30 per cent at the seed stage, individual
percentage of selfing at out-planting is less than 5 per cent, and if selfing percentage is less
than 5 per cent, the selfed individual is close to zero. But the decrease ratios on number of
families are limited to family size having 20 g seed of each (about 5,000 grains), so that the

families having few individuals is naturally diminished on the way.
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In a panmictic population, theoretical frequency of self-pollination is determined by the
number of planted clones in a seed orchard. If so, since selfed families in the seed orchard
is 1/n (n : number of clones of seed orchard) of total families, the ratio on quantity of seed
produced coincides with 1/n of total. The rate of selfed families or individuals can be obtained
from total number of clones by referring to Fig. 23. In Part II, it was concluded that in
established seed orchards with some parent trees which were artificially controlled to a height
growth of 2 to 3 meter, there is almost no crossing between different ramets of the same
clone, and most selfed seeds are produced by geitonogamy, and ratios are over 30 per cent.
As a consequence, the rate of self-pollination is not determined by the number of clones. The
ratio may instead be determined by several conditions of pollination i. e. tree age, space of
planting, height of seed-tree, location of orchard, and topography. If the ratio of self-pollina-
tion is less than 30 per cent (ratio on seed weight may be less than 30 per cent, if embryonic
lethal genes are considered) based on the results of the experiment of Part I, the ratio of
number of selfed-to-total seedlings at the stage of out-planting should be less than 4.3 per cent
as indicated in Fig. 23, and moreover, if there is competition among families, the ratio may
drop to a negligible value.

5. Pollen management for a seed orchard

The results of various pollination experiment stated in this report clarify that charac-
teristics concerning fertility, germination of seed, survival, and growth of seedlings are best
in cross-poliination and worst in self-pollination. Natural wind-pollination is intermediate,
suggesting that this intermediary is the result of self-pollination. A quite essential element
for seed orchard management is to upgrade pollen management to achieve nearly that of con-
trolled cross-pollination. For this purpose, various problems on pollen management should be
studied and the appropriate solution should be taken respectively.

In recent years, concerninng pollination control in a seed orchard, Frawgkumw. E. C. (1971)
and Dewson, N, P. (1975) provided the conception of pollen management. Then as a part of
the conceptions, they discussed the pollination control in a pine seed orchard and summarized
past research on promotion of exchange of pollen among clones, prevention of contamination
by foreign pollen, avoidance of self-pollination and supplemental mass-pollination. Ousa, K. ef
al. (1973) classified seven kinds of mutant forms in Cryptomeria, thought to be the result of
recessive genes being held in mother clones heterozygously. They also clarified the hereditary
nature of those genes in a series of studies. Moreover, they assumed that many deleterious
genes which can not be recognized visibly are concealed, and many small subpopulations which
some recessive deleterious genes suppress seedling growth are held in the population. From
this point, the paper referred to genetic management in a Crypiomeria seed orchard and listed
the practical problems divided them into three parts as, genetic structure of plus tree, the
reason why deleteriousness exist, and hindrance of inbreeding in successive generation.

Theoretically in an ideal wind-pollinated seed orchard, crosses among clones planted in a
seed orchard are equally compatible and produced seedlings to make a panmictic unit. In
practice, the best conditions are seldom realized, and the frequency of self-pollination within
the crown of the same tree is often high, leading to irregularity of seed production among
combination of clones. From this point of view, the problems concerning seed orchard manage-

ment in Cryptomeria are arrayed. Effective countermeasures which are considered at present
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are discussed as follows :

1) Isolation from the pollen of surrounding unselected trees.

In the seed orchard, fairly low seed-trees are usually cultivated to promote convenient
collection of cones. This measure is a weak point. In the case of Cryptomeria which is an
anemophilous plant, pollination is carried out by air flow. Much foreign pollen contaminates
the lower seed orchard. Attention should be paid to the following points concerning pollen
flow in the natural conditions.

(a) Productivity of pollen of each clone planted in a seed orchard should be reconsidered
to change some weak flowering clones for others having vigorous flowering ability (see Fig.
19, 21). But extreme prolific ones in young stage are not always desirable for this purpose,
because it is considered that they make a great variance in genetic share of each genotype
included into panmictic unit (Fig. 20). Clones that have not flowered by ten years of age
using GA treatment should be eliminated from the orchard. Moreover the density of seed
orchard pollen is enhanced by applying effective GA treatment, girdling on stem and fertiliza-
tion.

(b) As another step, surrounding unselected individuals of the same species should be
removed from neighboring stands. Trees of different species should be planted around the
seed orchard to make a control zone for interception of stray foreign pollen.

However, as above mentioned in Part I, if effective pollen dispersion is limited to quite
shorter distance, foreign pollen flight is an unimportant problem. For such species one needs
only remove the unselected trees from the surroundings.

2) Equalization of crossing frequency among clones is important to assure equal contri-
bution of all selected genotypes to the next generation, and to upgrade genetic gains of im-
proved seeds. This should also help to improve percentage of filled seed or germination, by
lowering rate of selfing. For this purpose the following measures are required :

(a) Clones of both poor or extreme flowering must be replaced by other suitable clones
(Forugosur, T. 1974).

(b) Balance of flower production between male and female is required in all clones of
seed orchard. So seed trees should be grown as tall as possible by reducing the practice of
artificial hedging.

(¢) Because effective distance of pollen dispersion is quite short, pollen exchange is mostly
between adjoining trees. Therefore, spacing must not be too wide and ramets of the same
clone kept more than 10 meter apart at least.

(@) In Cryptomeria seed orchard, the position of ramets within an area can be randomly
assigned, but in practice the randomization has usually been modified in order to satisfy re-
strictions on the proximity of ramets of the same clone. In addition to the above modification,
it is more important that chance of planting in adjacent positions among clones should be
made uniform in a seed orchard, in order to make equal to crossing frequency among clones.

3) Prevention of spontaneous self-fertilization

From the estimated ratios of natural selfing in Part I and Part II, it is concluded that
the ratio in the matured forest as high as 10 to 20 meter tall is so small as to be negligible.
However, when many ramets of same clone are planted in strip or mass, selfing attains as
high a ratio as 60 to 70 per cent. Even in the seed orchard where the ramets of improved
clone were separately planted away from same ones, there is 20 to 30 per cent of mnatural

selfing by geitonogamy. This however, is of small concern, because selfed seed have low per-
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centage of filled seed, and also have low germination percentage and high proportion of loss
in the nursery bed. When they are grown with out-crossing seedlings as a population, the
ratio of selfed individuals in the population through selection of seedlings for out-planting is
low enough to be negligible. As a consequence, the contribution of selfed seed to forest pro-
duction is considered quite minor compared with the viewpoint of nursery management where
it is a great hindrance because the loss of seedlings for ocut-planting results in decreased
nursery production. For this reason, selfing ratio in a seed orchard should be lowered as
much as possible, taking consideration of the following points for seed orchard management.

(a) Crowns of neighboring tree must be open, and the air flow in the seed orchard well

ventilated.

(b) In some cases, an effective measure to provide tall pollen trees scattered in or
around the seed orchard in order to promote out-crossing.

(c) Minimize or prohibit the self-pollination through geitonogamy. Ideally seced orchard
should be established on a site exposed to strong wind during pollination, or the entire seed
orchard should be as high as possible. Management of seed orchard often does not permit
these measures, A suggested practice is to plant several ramets of different clones into one
pit to grow as a bunch at ordinary seed orchard spacing. Amnother possibility is to make
multiple grafting on one stump with scions of different clones,

(d) Although artificial crossing with bagging is a positive way, it is not usually economic.
Recently, control cross methods without bagging were introduced by Denison, N. P. (1971),
Fravkry, E. C. (1971), Van Der Svoe, H. A, (1971) and Haopers, G. (1975). They are referred
to as supplemental mass-pollination, mass-artificial pollination or mass control pollination. Such
cross methods are considered of potential use for Crypifomeria seed orchards., As mentioned
in Part III experiments, there is general agreement that poly-cross is excellent in germination
and survival ratios. Therefore, its effectiveness ought to be high in the management of
Criptomeria seed orchards. Furthermore, it may be easy work, since pollen can be collected
earlier than naturl flowering by water culture in a green house. Such early-collected pollen is
mixed in equal quantity per clone and is sprayed by sprayer at matural pollination time. Cost
may be very low. If necessary, it is possible to dilute pollen with some extender.

(e) On the supplemental mass-pollination, there is an important problem which should
be solved in advance of practice. This does not solve the problem of geitonogamy, since the
amount of pollen that could be artificially used is very small compared with the amount pro-
duced in a good seed orchard {(comment {rom Dr, Roy R. Siew, Forest service USDA.). In this
point, the rate of fertilization with supplemental pollen should be clarified, and also the ap-
plication of castration method should be studied in the near future.

In this section, the author listed the countermeasures when crosses among clones planted
in seed orchard are equally compatible and natural self-fertilization occurs at insignificant
rates for pollination management of seed orchard. The problematic points for tree breeding

as clarified in this study are considered to be almost solved by the measures above mentioned.
6. Genetical load by existance of lethal and semi-lethal genes

Concerning an inbreeding due to self-pollination of seeds produced in conifer trees, the
fact that the proportion of empty seeds is higher after self-pollination showed that genetic

factors are the important reason for the origin of empty seeds by several authors in different
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species (Orr-Ewme, A. L. 1957, and Sorensexn, F. 1969 in Pseudotsuga, Hacman, M. ef al. 1963 in
Pinus, and Koski, V. 1971 in Picea). Kosxi, V. (1975) has stressed the influence on decrease of
filled seed ratio and showed many of empty seeds were the result of embryonic lethal genes.
Ounza, K. ef al. (1973) suggested that in many Crypfomeria clones, height frequency distribution
of 1-1 seedlings from selfing is skewed toward a plus value. - There are several recessive
genes in homozygous state which have a reducing effect on the seedling growth. Their ex~
amination also confirmed that rate of selfing has much influence on seed germination per cent.
Also some recessive genes suppress growth of plants due to plus skewness of selfed population.

With lethal genes such as chlorotic or morphological deviant, mean height growth of
whole progenies from mother tree heterozygous for the recessive genes was lower than that
of whole ones without such deviants. Mother trees with lethal gene as heterozygous are
considered to have additively accumulated many recessive genes which deteriorate plant growth
in the process of its genetic evolution through selfing or inbreeding. Since loss of selfed
progenies from sowing to out-planting is remarkable as shown in Fig. 23, ratio of number of
selfed vs. whole individuals derived from random mating becomes quite small at the stage of
out-planting. Therefore, selfed seedlings do not directly influenced forest production. More-
over, there is the dwarf type gene which influences height growth of seedling. Such genes
appear independently or have additive effect. This type of deviant occurs mostly in the
nursery and most of them are discarded at the time of out-planting. But some genes suddenly
appear at the stage of sapling after out-planting (not published yet) which have an adverse
influence on forest production directly. These, however, may be of slight influence. Chlorotic
and morphological deviants may also result from not only selfing, but out-crossing among
several mother trees, these being heterozygotes of such genes. In the case of natural re-
generation, it is supposed that its lethal genes are perhaps useful for genetic selection of
their population and helps the control of proper number of the population. Eventually, it is,
in a sense, genetic load and it helps the coordinating function to prevent increase of inbreed-
ing coefficient of its population concerning generation.

In a seed orchard of Cryptomeria, it is difficult to remove completely those lethal or semi-
lethal genes. In practice it is considered enough to make an effort to enhance the ratio of

out-crossing in a seed orchard.



