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Genetic Studies on the Characteristics of Selfing in Hinoki
(Chammaecyparis obtusa Endl)
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ABRFESKOON, SHORKD L FEHERTE (XF, €/ +, TH%Y, 70
wY, A7V, V=Y, b FTY) BRULEEICONT, BER (plus tree) R
WM iabhlc, &/ FBRBRIEBKRT 221 K, BEEKRT 175 KosER s hre (BF48
£33 AKEAE, MERIERIEE) , 2 LT, BRROLKEBUIEEER, chdok
ERILOBERINT 7 0— ik 2EEEE (seed orchard) ©EIE (scion garden) %
R LU, ZhTHREROCENE, OBTRIBEHENABICTRIONES L, @F
BORBFMH—EILBONE L, @FEOLOLVEENICEBNEBETFBELINEC &R
ETHY, LICOOBENKEDHEEZEI»E T EBAEBRONTH S,

RERZEATOMER, BIE BEOBHEAMALLBIC, XALUEBHICEERS
BRIEBZHOEBRICH T HEERGLARER, BELSU ISR, Lo UK
HMEOMES EERRVEBEONA R SICE LERESTRHLN T 2 (FHEL1965, &iL1968,
Lyons 1956) . 7HhT#, HIEE (1958) © Sato (1963) Sk T, ZA¥PE /Ficx
LTYRVY VCKBEFMEDEESTREONE LI 72T L3 1 2OKEIBRE
Thb,

L LIRS, BEASZVREBEEELARKICOVWTORBEETEENHER, TR8+45
THBRICEBINMEETHS,

AT, b/ FRBEMORERBRET LV, AEICLZBENHE L FHBOHELE
KBLZTHEROZELHFE~, B, BEORER COHRHEBEEROHRELTE-LdD
<

BIETRE, HROHNEMKOFERREICET A FHERICDNTil~T,

HLETRE, £97 00— Vil - RO, ZHORELR~, THORMI
DOTHE Lic, 2LT, &/ FOHMBEMERRICIY, HRBEORKEETIVERMSS
BOMPEET I,

EIETR, £4T7 v snRicky, BEINCHEASDEEICOOTHRIL, &
CEREEOBREEZNODI D2, 3DEEDOEEFHTETIE -,

BAETE, BFRIFHORUORBRECO N N—FF Y F—F e T4 VHFS L5y
FORELT~N, e /7 FTHRUALNVFDI L, BENYFEELAT, Z050R-IE
FoMETE -7, T, TOEEESHASHIN Y FEEHEETF (marker
gene) & LT, BEOREERE, /o— vERBETOEREBEROMEETE -2,

F18 PHRAM

BEHETHEMAR, 2O0HEBEEBERTHEDTHEHEERZIAEL, ULrdlBKE
EEMTH S0, 3k, —BREEHDOX D TEENEECEBREOALNG @M XD
HDTHETHD, Licdi-T, RAFTEE3RPEHEBICOLY, KREBECLDELEER
ZEELTEBBEND S, BT, HeDERICONTS T LU HMTBENITZE
T, zhoofdrs+408M0, KROBENALEZIHS LN, SELOKAERE
BELAEDTOL LTHIZERINS,

BESOBKIADEENEHCETOTITRONIL DTS4, MHEEYTH S
fe¥y, WROBEERZIAEL, HHOEAGORICIZIEERKRINVEEZONS, B
i, ~ToEAKTHEIY, BRZEETEIE, TORARTRVHLYS HREES (in-
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breeding depression) DOZIERMBBEONT, —RRICHFF LIRWERZO LS THENE
WEEDLNTVS, 2DT &R, BEMNCEBNCEFLRENTACLZHMNE L, &
HOREICBNTEhH THEHERWETHS.

Fisbhh, —FTREFERS (heterosis) ZBME LABERETRL, A TRARRAE
BEFRTEIXPTEEL, T8 LBOVRERECLBNEIIC, Z2oREHAE
ABMWICaYy ba—w L TRBTEBRETH S,

B, MIAPKSHT, EROREEEDLHHBHANLNT VDY, CTLLBOER
REEx, 2ORBAZRAEVERICHH TS EMBPES»ICcEh (Lanner 1966, Silen
1962, Wright 1967, Sakai and Miyazaki 1972) ., FiC, A F¥FHEBEETORETLEN
BN A — PVOBRANTH S EBHLAICIN TS (i - H#k1976) . d L. &%
BENTIOLS BEBORESHEBRT - T EThid, BRZHORC 2 HEIIE
BICEEY, RARKFZE LS RWESLBXIETCLiCind, BE b/ +iCET5HE
BHOBE, MASDOERNIOKRE, b3VRBEETOHBREC PN TRE <A
STV, FIC, HEEROHEFELE DI HTHL, -T, O 5ORMEZHEN
TEHELERLHE b/ FOBEEED T ADOBERLLTEDOLTEETH S,

B2E B R R

B (selfing) & IFERKE (inbreeding) OPT, HOLBWIKRVEPKATH S, T2
bbb, CHI—DDOFERCEE LTV AERHSE LEKELREA—~7 o~y O LRER
BT3c&eT, COXINEEEARZH (self-pollination) Ly, ZOF#E, ZHT
A LA BARZH (self-fertilization) &5,

WADHEETES &, 20RRTRELETEORL, RFHO KT, HFHEEOH
B, AEMATOHRMNY. AREOMBLENAONG, KA HMICHT SHER,
CNETE2OFAMLLEDONTE I, 202 KINTEE, OBETFOLEER, @K
BORBBLUHEHORE, OHRAMEDRC 2EA/LBLETH S,

4, MAROBTAEESICET B H5EI2, Sorensen (1971a) i khid, 19374 Larsen
78 Pseudotsuga menziesii (Mirb.) Franco % AW\ TT - OMBEHT, WILAR»S
BOoNEBETREIRSHND D EHARTE LSRN EEFRE Lic, = ORERRBERY
HEL~RICHZELTZRTAUMCIBEAEREL, ZHTIBRETR S DI LEBRT
Wb, UL, Allen (1942) 12[F UMEIC DWW THERBRZTRVETOEERE R~
LA, HRZHOLDLIVRIHEMO L *OBTOAEENEL(ETISCLEHLR
T Uteo 2L, MATREBETEE KT MIZREILZEFTE L, ZDHE (OPE
HBiLE - T, BLOBBCOVTHBEBRBBTRON TS, 33hH, Cuffield (1950),
Orr-Ewing (1954, 1957b), Sorensen (1969, 1971a, 1974), Sorensen and Miles (1974)
513 Douglas-fir THIEMNEC 3 &, HMFEICH~TH 10%, Ponderosa pine (Pinus
ponderosaL.) Tz} 35% OREBTE LB LNILL L& LTS, F7, Franklin

(1969a, 1969¢) i3 Pinus taeda L. D\ T, Sorensen et al. (1976) i3 noble-fir
(Abies procera Rehd.) KCONWTHIREDIBEDKESF ULIE SNV ERRTNS, £
OHts, Fowler (1964b, 1965b), Fowler and Lester (1970) i Pinus resinosa Ait T,
F7- Koski (1973) i3 Pinus sylvestris L. {cDW\T, Orr-Eing (1965) i3 Douglas-fir
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T, Lindgren (1975a) (3 Picea abies (L.) Karst T, ZEDH (1973) 37 v~y (Pinus
thunbergii Parl.) <, ¥l 5 (1973) i34 5 <= (Larix leptolepis Gordon) T, &L
THsM (1964, 1966a, 1966b) 127 4 <y (Pinus densiflora Sieb. et Zucc.) £/ o=
VEONTENEN, PROBEOGEAERTFENET TSI LERHTNDE, L
L, 732»iciz Franklin (1969a) 43 loblolly pine (Pinus taeda L.) T2 TR~RTH
5L, HRICK - THHETHMETOIRERTEERICESTFDONTN DR,

H B3 Wright (1976) OEED LS —H ) L Alnus incana DL H5IKEE LT
ZORBEZFLAVHORESMONT NG, /2, —HTIRBBELALES, REME
T3 RRAEMBENICTHNTS (Orr-Ewing 1957a, 1957b, Mergen et al. 1965,

Hagman and Mikhola 1963, Hagman 1964, Ehrenberg et al. 1955, Forshell 1974,

Lindgren 1975b), = L CHMEOEA, EHOREFE, EREOMEEZIL, 50V EED
B A4 (embryonic abortion) 77 EMIBC B CEFPELHICLTWVB, £, ZOFRKE
BBEEICHERTHEN, 13- 20 ULBIZT I T (Sorensen 1967, Fowler
1964a, Barnes et al. 1962, Kraus and Squillace 1964),

HEEESITOWNTIE, 19094 Sylven #s Norway spruce (Picea abies (L.) Karst.)
S5EERICONTHIEE BRZBFHEBORB 2T - COREYITHS (Eriksson et al.
1973), dibH, #IFEH, 1EEHKOEEN, TOROEHNERENRE, WInd
BiEfEkHiE D, 1972 48 61 £ABROMETIE, BRAZHO OITHNTHEZFICL
PRLBNCEEPEOLICL, 253 EE% (inbreeding depression) DFRTH 5
Elk, 20%, AMEEMED S VIZHRZHOENICE 3 HAR~NOEEI, £ OFE
WWONWTHNLN TS (Fowler 1964b, 1965c, Hagman and Mikhola 1963, 5 H
1966a, 1966b, Mergen et al. 1965, Orr-Ewing 1954, 1965, Snyder 1968, Lindgren
1975a, Sorensen et al. 1976, Sorensen and Miles 1974, Koski 1973, Franklin 1969a,
1969b, Lester 1971, Anderson et al. 1974), 7, Franklin (1970) {2 = > 35F&iC
DNTELOMEENBTE - HEREE T LD, FICRRESE, BE, RIFRBIUBEER
TR-%Y L AEBEROHEANDE EERBH TS,

Fr—hHThR, FEEOEEMHMBATEICONT, EROKSPLFEETOEROR
BICk 2 BT OB (gene flow) AIEE L TBAMSEMSE U TER, HMIEHOR
BEESA RN CEDOHH LN, VAW ALLHETIERO RIS RS O s
fT7sd 7z, Johnson (1945, 1948) 3 Pinus nigra var. austriana (Hoess) Aschers
and Graebn. QI AN LB ONIHEFHETE N, REEBFBEALCZ N EDE2ID
DBEEMSEL > TWT, ERORBSMERIRONOTRREVHLEBERTVS, £ORK,
TAY =TT UEEBERCID, TAREICHEB], BEENCT) vo¥
FFVERHUIRATA ¥ 7 REBNTEROREERSCSHE M Z 3~ 7o (Wright
1953, Wang et al. 1960, Strand 1957, Silen 1962), #O¥#EE, HBRIMICIHEEICE <
ETMETEH, 2D EAEREN, BEBACREGHEEZRLICEBTNS,

Langner (1953) it Norway spruce (Picea abies (L.) Karst.) OGN TOEHRD
HEEFH, BEURBLRTFICEL - TXRINTHEREGBIE (light yellow foliage) %
2% (marker) & LT, 20@ETFAE > E#EEDLC, BEAPoZhZNELNL
BEOEROBRBSEHE N, 2ORMIZAREEE 20m PINTHS C LZPLPIT LT,
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Squillace and Kraus (1963) 3%tk eHEAKTH 5 GF1H (albino) ZHEHBIETF
IC L, slash pine (Pinus elliottii Engelm. var. elliottii) OMSRTO GHERAE T
Nz, MR ELL U EROBHBOS L, IRZIOTNSG S BRIk, HD 2K 28%~27%
EEACECEATHENRZ » T3 &5 nIC L, EiK, Fowler (1965d) 3
R EHRERTH S RHAHE (pale yellow) L AF#ZEHLERFE LT, jack pine
(Pinus banksiana Lamb.) OBBEENTO QIERLF I, HiEE ETCHT TH~
el A, ®ELPBELIBLRHO AR T - OICH LT, METBTIIMED26%
CdidcExPo T Lic, COE,LS, HEREL BRTZEE, SHoMEDOR
®, A—EEATOM « EEOEZEESH R ELFD LU TELCLOEERLRE L, £
Dk BrOE#BREFZRVT, Z{OMBETHEROHENHAA SN TE (Soren-
sen 1973, Koski and Malmivaara 1974, Sittmann and Tyson 1971, Teich 1969, 1970,
Franklin 1971a, 1971b, Sorensen 1971a, Coles and Fowler 1976, Moffet 1956, Mor-
genstern 1972, KEDS 1971c, KEE1972b), DIED T &hb, BEALOKBETMHIEE
H~AMTHRBEOEVECFBES &, BRERBORKERIEAICEL, BIHKTH
TOHBERPEOENEHAETEC > T3 EBHL2ICINT,

EE, FA4E7 7 7HICE - T, WARDRIZRENHFESTES b, & ICERBEERENR
TICEBNT, BELOBEMBINT S (Sakai et al. 1971, Sakai and Miyazaki
1972, Tigerstedt 1973, Feret 1974, Bergmann 1973, 1974 Rudin et al. 1974, Ras-
muson and Rudin 1971, =k 1972), —JF, B LSy FO S b, BENV FEED
i, TNODNY FOBEFHFMNIEEN 2255 (Lundkvist 1974, 1975, Feret and
Stairs 1971, Bartels 1971, Conkle 1971a, %} « /311971, Milller 1976), DR, H
BRFTEN Y FITBHLIE 4 v PV OBERRERL, L bikEME: (codominance) 0F&
B, — OB FRICESRARNEN T EBFASPICI NI,

Thbb, CNOEEREETELTHVSEREOE, MAROREKRIERNO SIS
THEANICHHEHET A CENARTHLC EERTBELTNDS,

B2E E/FORBEEBICKDIERLEDOER

I b/+0BREEEESHEDR

ALREETIEDEE, ZHEHOHEDY, SHEKS I VREBRERERLEEH5
DUDH > THE CERIERMTHEHERMETH S, HE, #HEHLPLELLLVANA
T, e HETEORERE N RIRND 2 VR BEENEERICEL s TR~ TS

(#&5 1970, Pattinson et al. 1969, At « (LA 1970, Barner 1960, i}t 2 1967a,
1967b),

HE, BONBBRIEBEICEEHE L OFFEE (seed orchard) 2S#ER XN, B
DEENRBEENCTBONDDHE, 4BHRINLOBBEROERICENT, HiK, #ROD
BEMHEZZI P20t QRFERT LD « EIEOELIRE, OQF—BIERTO
I - HEFEDBRTEIAOZ R BEIICE NS B 0 E D >, @D 7 0~ v EH~TEEREZH
HWICEDBHELEIDEE, BREBMICEFZIXTOREBEAOELLEIETES -
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TEABERDS,

g, WERAOREARIIEZLZL (random mating) ZFiHEE LTWE4, ch
ETILANEHDNTE BB O TR A HIC OV TOWIRERIC LN, BRI -
RS BRI RAGE IR C/NEIRICAH T 5 C & 8BS ik 8T B (Lanner
1966, Wang and Perry 1960, Silen 1962, Wright 1953, 1967, Sakai and Miyazaki
1972), REETZIOIIBEHKMSLE » TWB ETHIE, HHORC 2HRIZE AT S
EEZIONB,

AERIT, FEENTOHARHMEREIVCE 0 — v HOREOBEEZTE~E B TK
DEIRHBEDOWTHE L, @7 v~ vEiid B—FEOBMED #BE0 MBIk 3
- MEOELBOE, OR—EERK BT A1 - EEOBELEBDE, OR—HEKNICE
£ LT b - BIROFRFRED i, @HIEOZH N & 16 O REKEH D2 DH &,

1) BMH&E LUHE

AEBRTHN MR, AIMNRFRZBHEREROE / + /7 0~ vEBEICHEE SN
TWBE /BRI 0— T, 2O/BIII4ELE (197648 3 BBIFE) THb, BERE
2, Fraye(NO), HiF205 (K20), #E125(K12), AR 1E(F) KS1), AE1
Z(B) KUD, wki45 (K4, RiF15 (N1), EHISS (KI8), HiE2E (F2), &
55 (KS), 1BER25%5 (A25), HR2TE (A27), KR 405 (A40), EE1E (O1),
hE 105 (N10), HE115 (N11), k£ 75 (07), FME 258 (U2), FHE3E
(U3) BIUP ELXL28 (FI2) 020/ n—rTho-Tc, HEITE / F1 « fEEEEIC L
CEELUKI9764E 3 Bt 5 4 A L {IiCh i THE - 72,

RERTE U TARNEEBICE SO TUTO L 30 HFETTE - 2,

(1) 70—y il « EEOBFERESL, A—EEKRTOEE S,
BHERBE S DOV ANVCH T, ST, BESHRIBEE L « b« FickRIL
THELU X,
(2) &7 v—vilol - EEORBREOTE.
B « HETERIZ - E D ERDTONBE LI -3 A0A»5 4 LHCHIT
HWEL, AEIH - HEORBTEE L SBRE (stage) AU T HEE- THEN
2o LT, 70 —v &l ETEORBEP & ZHBER & OBEE g L,

LEORMERRICASNT, [Stage-4] ZZMEMPEAB L, F—BEROIE -

HORBREDOHR ZTE D C & TCEBEHPOEZIC DO TR Lk,

)% B

#AOE (D)
AERRRABRICE SN T, i - EEBICELBDOE D TRD 5 5D L ~v(quantity
level) 1IC4 72,
L BEAEBEELTORY EELTHTHEDLH TR, TLOEMAELTH
HEE),
2. BEBRIEDHTHLL, BHMICEEL L T BEE,
BEREBRIZHLEEIVEREZNVYS, —RLUTEELTHIRCENGD B,
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4. BHHREEIRE.
5. AEMICEBICISELELTOT, POEETETVLLIRELERZ S,
T, BEBMOBERIETEE b« FCHTTHE - 7208, EETRICHEESED S
NEBARZ, MMBAERNE LTBROE -7, B8, AK1IE5(R) KUD Z1EXLDR
, HREBRERNDOTEABEDOBHA Uiz 215 DFERIE Table-1 KRTEBLDTH
5,

Table-1, Indication of criteria for quantity level of male and female flowers

in HINOKI, Chamaecyparis obtusa Endl,

Clones l Sex Q‘fg\rllgty Position of male and female flowers Eéfgeht(m)
Nangohi (NO) ;gfr{fﬂe‘ 1 | Upper main shoot L4
Kasuen 20(K20) | Bale | 1 | Upper main shoot 26
Kasuon 120K12) | ol %% Mikidlo and wpner crown, ommippresence |y 5
Kubara 1 (KSI) ?::?rizle g \%lhoolleecg(r)gs‘;?ﬁespecialy concentrate in middle 3.3
Kanzaki 4 (K4) ?é?rigle g Whole crﬂ()wn,scarecely visible in upper shoot 3.7
Nagasaki 1(NI) | male | 3 | Whole crown 4.4
Kunisaki 18(K18) Ifré?rgle 1 gfhnoclzng%t‘inin middle and upper crown 4.7
Fujitsu 2 (F2) % Ifré?rﬁle % Ibglri)gglreca{gg%p;elf"egown, a few 3.7
Kaho s (ks | TSle |} | Gmer cron seareecly v
arass (a9 T 3 Yhidl and lover erown.a few
A B3 SRR Rarerea
aira 40 as0) | fmeie 5| MR and Tower crown 4.1
Onga 1 o1 ?;?égle g Middle al,fld upper crown 2.8
Nakatsu tooN10) figle | Eepectally, upper cronn 5.9
Nakatsu 11(N11) ?é?ﬁile 2 %%%elg z::rrlgwnﬁiddle, scatterd in lower crown 45
Oita 7 07 | ?;%ZIe 115 &?gg{ecéfg‘vlvpn? régnrcr:l:rilrtlrast}ézo?lg main shoot | 4.2
Uwajima 2 (U2) \I ?éfarlxgle %g %i}ilgllg grré)v\s/rxll, scattered in lower crown 4.4
Uwajima 3 UD) | BES 3| WIS IR e
Fuji 2 (FJ2) 1 Ifg?rllzle. g Whole ciown 2.3

BREEBISHEOPEECL s TEHOHZ CLFARDEBDTHS, HEADHE -
HIEOEBEBICEHLTRIEELLTIRLV Y YORBADEARL, BEHIVEHELERE
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DPBICE SO RESRINT &7 (HB 51971, Bk - iNFE1970, #LES 1975,
ERE1976, FHE1964), —75, FEEDS (1965) i35 =V HI3FE, 437 o —VICDNT 54
FlIChHI D « HEIED BAEEEE N, TOHRE, WITILORET /7o~ YLk ->THE
ERICENDZCEFAHFLMIT Ui, T2ILFE (1973) I3k / + LU CRBEREREEZE
¥, B, HESHENECHE (7, 8EELT) BHEOEFELEBEL N ERNTNS,
APEOHRTH I/ 0~ VIlk - THEBIKEND S EBBD OO, T, FA—HK
RO - EEOEEBIZFENSS, BR25S, BR2TE, HBR40E, k9 TR ETHIE
DEEENEIpote, LEOLENUAD 0~ v TRIZERUBEBEEZR LTV,

F70, A—EARTOM « HEDEETA I, BEPHES 2V RIIARBER LK -
THREDERAZZESED LN TS (HiE 1964, FKEE 1965), Fowler (1965b) i3
Pinus resinosa Ait. O « HEIEINCEERAHE~, F& LT, HERSEETELS
BEESERICEEL TS, HRRR - TRICELET S EABHL LTINS,
B/ DI, M #ERESHEDOL « HEICELL, HICEEBESLITVEE, #E
EEICRIE L, FULLADIWIEA (quantity level 1) (IREIBIBAEDAIC LARSNLE
hotce BIC, HERIEPEERTOM « HETEO S, SEHEICHETED, ThICBE LK
T GRIGHD WCRHEESEEL T,

A # (2)

AER, BRTHESE D& - BEORFEASRIBNICEHE TS 3/1TB 208
BITIS » 7o BREICHMNG T, M« HHORFERE L, 2OABHNBECETSHT, BE
HBIZ S DORE [AF—9 (Stage) | iK1, BRE (RF—V | LABREEMHE DR
R TLDOEEBDTH S,

i 7L
Stage 1: MifEOBIREZEZE L TV B, FTHETSICHELS, AHARBEL TS,

Stage 2 : fRBNSHEA, T W CEDAMBHE XD S,

Stage 3: E D AMNDTHICE X, IHITIIZBIE (pollination drop) ZH LT3 D
bH5,

Stage 4 BHARTAIHE, TNTOHREICERERDOZRELRONS

Stage 5! ZMHRFEVRHE LR LT, HOABPPASERUHLUTL % - REE,

7

Stage 1! KO K& > TBEMN, IBTORTEFIEADETFEATINS,
Stage 2 1 5T LTHIZEA KRS 18 - ToiREE,
3IEMEEREL TV, BHOERDOIDBEAL TAHRILEOBREAONS,
BIC, DI LTHLINERERI LS LbDEH S,
Stage 4 1 {5 THND LTEMBY Y FET T 5,
Stage 5 : EMMMOE > TLE - T, SRR - 7R,

& TRAF—v) KB B fEEDRET Photo-1 TR L, T, %2 o~ vE,
i« R ORHE Ry —v] LEEA L OBKRIT Table-2 TR LT,

BT YOm0 ITMRERS (dichogamy) DB B MON TS, L
PUHEMEBTE, COXINFARBEALERD SV, E4KS (1976) @77
D « EEFORBRELHE~N, ZOZHRBEHTZE-KLTHWEIELHOMIC L, %

Stage



Male flowers

Female flowers

Photo.-1 Developmental stages of male and female flowers in Hinoki,
Chamaecyparis obtusa Endl,
Upper : male flowers, Middle : female flowers.
From left to right, stage 1, 2, 3, 4 and 5.
Lower : developmental stage-4 of female flowers (notice
pollination drop).

7z, ¥EEE < [HH (1968b) ik / +DIEA, MDD BRI D PP RN EERT
WA, RAEOHF (Table-2) T, E—EENOHE - EIEORE [R5 -] KHF
LWERBD NI - T,

Fiz, Table-2 THHIO LD, E/F 70— VYHTHEE [R7—Y] BFnTH



Table-2,

Change in male and female flowers developmental stage of twenty clones,

Mar. i ‘ Apr,
Clones sex 17118 | 1920 {21 |22 /23 24 |25 |26 27028 |20 |30 (31| 1|2 |3 |4 |5 |6]| 7|38 % 9 |10
No Male LT T |Ls Ls/Ls/Ls 22|25 3 3(35 4 45[45 5|5 5/|5/5|5/|5 5
female cl Tt LSILS LS| LS 2 202 3034 (45(45[5[5|5/5|515]5 5
Kap Male bl bt 1 LS 2| 3 13 ]3(3.53.5 4445455
female 1 1|1 LS 2222|2525 3 3 [33(3535 4 44455
K1y ™Male t iyttt Ls|Ls(ns| 2251025/ 313(3|4|4 4l5s5]|s
female Lottt {22} 2|20225 313]|3 3535 4|4/45 515
ks Male 2020223 /3/3]3/]3/35/3.5/3.541/45/45|5|5|5!/5/|5/|5|5!5]1s5
female P11yt 1220202313033 4145/5 (55 |5|5|5/5/5]5]s5
xy1 male ool o fuslusfesl 222025 3] 4 |5 5|5 5|5 |s|s]|s
female ‘ L1 11|11 [LS|Ls{Lsits| 22234 4|5[5/5|5/5/|5]15
Kq Male L j1s/Ls) 2|3 [3(313)3131/35(35(/4 4/4|4/|5/5|5[5!/5/|5[5!5]s
female Ioy2 2272022233335/ 4/|4|4| 4las/s|s|s|s 5]5]|5]s
N Male 111 L5222 2125/3)313535(3.5/4| 4 (45/5|5|5|5 55|55
female L1 222222222 |2(25 3354 |4|5 5|5/|515|515]5
Kig Male LS|LS 22|23 3|3 3/|3/35/35 44,145 5 S|S|5 5[5 |5|5/|5
female Lt ry2f2)2/2 3 33354 4 4.5 s 55| 5|5 |5|505]5
gy Male vl el lel2 2222 s alas)s]s[s] s[5! s|s5]|5]|s
female Lt 2r202 222222253 |3|3|4/4a5/5|5|5s5!{5|5|5]|5]s5
ks male t vttt lrfri2f2l2(2130133/35/4/|4 4.5 5
female tir bttty 2220202331335 4|41 45|55
Ags Male Lyt 1t 1jnsf2 202020225 3|3[4] 4 j4as5|5|5/5/5]|s|5]!s
female L1t 1)1 |1 /LsLsfesi2|2]2 2534 4 (45555 5]|5!/s515 5
ayy male tltbr )1t 1|Lsi2! 22233535 4|4/|4l45/ 5|55
female bt rLsjusl2 | 2 120233 335(4 44455 5|5

8¥



continued

Mar, Apr,
Clones sex 71819 120 21|22 |23 20 [ s |26 27 |28 |20 [30 |31 0| 2 [ 5] o | 67)7\"7&*’7‘9#“_13
agp Male tpr el r ] lusfusins) 2 (2533 4|4 4]asias]s
female 11111 jrsi22]2]2]2 2"2.5 3013|3335 4‘4 4 14.5(4.5( 55
] H
o1 M2l Pyt ns|Ls|Ls|Ls(Ls 20223 3 13535 4 ‘ 414|445 5]S
|

female I T T T O O S W S U1 B AR O 2 3 2.5(2.5 3035 4 |44 4a5/45 55|55
Nip Male Pl |nsi 23133135 4 4445515 5{555555
female ppr a2zl a2l 2l2s|3(3si 4 |4 45/ 5155 5[5 5
Npp ale plrft 2222222253 4 | 4145 5f5 5155515
female |1t |LsiLs] 2] 2|22 2525 4 4 4asis|s |5 5|5]|5

oy Mmale 1 11111111111?111.512333133.53.54 4 4.5
female /I I R T N O A U N A R A RN A R A R A 1L L5 1.5 2|3 3[3 3.5/ 4 4 445

yz Male 1 111111.51.52‘222}334%4 40455 5 s|[5|5]5])s
female Dty nsp2p202[225 33 4[4 |4455,55|5/5]|5]5

|
U3male i 11112‘222‘233!33.5424 45 551555 5105
| | |

female 1|11 1111515 1.5} 20202253 |4 \ 4 (451515 ‘ 50515 505

gy Male 1 111222233334{4 4 145 5 55555555{5
female 122 )2]22525/3|3]|3 4144 450455 155 5)5 5|5]5]s5]s

6v



50

B EmFhB, Table-2 D5 H [RF -V | 3%2—[ROMEREEZ 51201, LD
BEOE b BEp -7/ n—viZ K4 L KIST3IH25H, BBl 0~ i30T T,
AR 6B Th-7c, T, BEOHBEHORP -7~ K4 T3IA2IR, EboT
HDIZ 0T TA4HA3ZHTH -7, W-T, BIEHPOEREI Y/ 0~ viTk - TH 2 BHEREE
OENADON, BFOO I/ v —vRCOPERICENTNEILET ST 0T,

Bl (1973, 1975), A « 1} (1969), HH 5 (1967b), #E:E (1968b) 52, =
DEBIIT B oL LEi»o20%4~5BTHAIEBNTND, KEETIHR
BIR5F—v] 4%, 0hWwa [l £Z22 T, HEHORLREL -7 KI8E, KbE
o707, BRUZOHMAERLE 01 D378 —-YiICo0T, RE [A7-V] L
B E B X UEEZR M - #ERNCR L (Fig-1),

Stage .
el g K18 o1 07
T
3t
2k
1§
1 1 L i L 1 1 1 1 L L A1 1 L vl

18 20 22 24 2 28 3 1 3 5 7 9 11 13 15

5t 01 07

i 1 1 1 i L 1 1 'l A L i 1 L L

18 20 22 24 26 28 30 1 3 5 7 9 11 13 15

Fig.-1 Graphical illustration of the change in male and female flowers’
developmental stages.

INE B

Barner et al. (1960) (3 Larixz leptolepis Gord. & . L. decidua Mill. T, &k

(1970), A« hE (1970) SEFAFT, EL A (1969) 37 a<wvETH<T YT,
Pattinson et al. (1969) 13 Pinus kesiya Royle ex Gordon (syn. P. khasya Royle) T,
Z LT (1968b) ik / FICDW0T, ZhENZREHIAH 5 0ITH « HIEORES
AN CHANTVS, LAL, TSRV TNHATIRELHIRE LERHPIETS
%,



51

AKEBROHNMIZ, BHEBEEROK I o~ VEATEFEEREIET - TOILEINEH~N
Biehic, £7a—vEORERRS, ZRHEHEHOL LA T EEFHNE
Lico L7cds- T, MBEESENERY, ENEHEENEROITLOT, KM - #Eo
FEERELLOBHERRICE S X, BiZ, AEILRNBIELEZ SNC19764E0 1 0]
DHITEEDHI,

AEOHE, R—EEKAOHE - BIEORE (A7 —Y] BEIEF—KLTHEN, 7o~
VETEZOBBEICHS DU ERD L BT -7, B, ZHEHME [RF -V ]
4L95E, M2BREOTNIDE ZEBHLNEN -, WNAZBETHEREEROD
b/ REEHERETCOHARASHERII 3 A28BE»S 4 BI0AEETT, K3 AXA
Po4ASAETIFTONIAEARERAE B2 TErAD, T/, HREHKETTHE
W, EREORTEIEICENLCBELIBRECL > TRESEE IS L, FEKEL-T
BRI TLBEAIN, [RTF—V] 4REBOEFNO2~3HMNT, BRI E
STLEICE, Flclf - BILOBABASETICHEL VI L, 0L, itk
&k (1976), Sakai and Miyazaki (1972) 5532 7T, Wright (1953) 2s ash, elm,
Atras ceder 73 &C, BT Silen (1962) % Wang et al. (1960) »% Douglas-fir <
HIZDONWTBRRTOB XD ICTER D REAMIE BAPO EETHECEREE ZEET S
L, BEREATREC > TOA3REREACRONCEHOBDTHE C EnFHEEINE,

B2 E/FTOBBRLLIELEORE

4%, ¥, tvEDaY, ZNARLERZRFACDOI - TREBRTIONTER, 2
ORNT, BIRDPREMSBROEIN, TLRREERCEB 2 OAANBEERMZONT, &
FHEESTREONBREC VT 51, ZOMKELORESEDHRINTE,

i, MARRHRARBOTIEITHROIESIN, TL—BE2RE, WHOWAIBAELE LTHK
DHFONT &I, LIchi-> T, WKITBEHICIZ~T AR (heterozygote) T, Mkl
MY (allogamous plant) ThH 3, DK I EHMAD, EHEZE (inbreeding) %1773
&, Z0HARTOHWS BIETEE (inbreeding depression) DIFH LTS EEhh
T3,

MREZDOWT NI TRARONTEERERRICEIT MR, 2. 30H4E (Orr-
Ewing 1965, Anderson et al. 1974, JH 1966a, XS 1973) %%, HEKET 3
bOMNIEAETHS, 2LT, ZLOBEBICONT, FRNAVAREEIC DOV THSE
ANTWAS (Langner 1959, 17 « 4 1972, Ehrenberg 1955, Orr-Ewing 1954,
1957b, Koski 1973, M 1964, 1966b, [ « ([T 1971, Diechert 1964),

INFETRTEONTELMAEABRERINTSEERDE I E, §1bL, ORERE
FEEBOE,, ORFELLHEBELERBNIACRAONS XH5LELE, OHADE
FRPHFHY, OHSPHEHVRMER L, 20KE, HEDCERNT, T MEEKI
k- TEDOBERENADSNS (Bingham and Squillace 1955, Franklin 1969a,
1969¢) 7%, —ICH K DHET, HERIZBERIOOLNLIT EAZHE LTS, 3
T, Franklin (1969a) |2 Pinus taeda L. DEEBFEIE T, =7 Eriksson et
al. (1973) 1% Picea abies (L.) Karst. OFMFEITONT, WTFNLERZBODITH~
TESLUTICUDPZELRRNCEZHAOHITTEELEBIC, KELTOEZREE LE,
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TOEHIT, AHEICEZHENEDOL S RHBTL—HICEC S L300, £BHED
BOMKICE T, 2ORBBIEOLHTAEL, MAOBREREED T {EE, BICER
INBENEMBETHEENZL D,

REEBTIX, v /% (Chamaecyparis obtusa Endl.) ®HFEIC X 3 HBR~DZEEH
ST B, HEFHEEMETFREEORRETE -, RICEBTRICEONS
BADEBICONTZDOEEDENETN, COMEOBMICET 2 8L KR L,

1) MRE LUHE

197242, 1973 B L TI9744ED 3 H4ER], b/ FHER 7 v — VHORERRETS -
too RERBICAWIEMENT, WNAERETMBEENKE / 7 0 — v EEEO KM
70 —vTHb, 19724EEBIIBEORMRRTHEM Ly n—vid, Table-1 iIRL
LODIBLME 122 LB AOBERN 1T /n—vThb, COWMER, VWbWYwbt
JEFDNEETH - e ed B IO NIRRT DB EMTERh T, DEI,
I9TMEDRBRBTER Lz n—viR, FvIave, M4E, ERISE, HE25,
BRB2SE, EE 15, FNE25, FNE 35, MIKI2E, ME205, BR27S, PE10
B, AKFTEDI8/ a—~VThbd, COERE /FOBEETH-icd, BE&LATV
w7 a ZAORTRERBRETIE - 2. RERBREEED 3 A TAP» S 4 A LAORIKITES
St TbL, 3AME, WEOELBOSZ WEERATHREL, “H/ —F X ¥ PR
ASAERNTEaAAS, BIEREAIP5-T, H5LLOBRELTCHERETERHET
BEALZREE, EROEARERETS LTRANKK 2GS -7, 2LT, 21 E
NOEDRK, KK LHKHEEL, RRBERL, BFEEZAUELT, TNZTHLOFOHE
E, BETHITEREREL,

197248 L1973 IR L. B FOBEHRE, WNKERZTHEHEKRDORENT,
FHI9TMEICRE L b Did, AMNKERZRON 7 ARENTITL - oo HEKIWVS
NOMANEE L1 % 8cm OEIWC DD BEA /Ny b (34x43x10cm) % #HH L
tzo % LTHERERNC N.P-K (13:8:9) EAMBIEE 158//vy b WM Uico &,
HEWEDID 44 RENVF RNV T4 =4 F] KRFHS 0.70/m! 28 Ui,

HEHRE IR, EF 10008 E, ¥R, KiE (hypocotyl length), TH#EHE (epicotyl
length), FEKE, 1EHOMAOBEERBIUV2ELNETHS, CNLEDDDH, K
E, TIRMEBLUTFERBIC OO TIRIIMED DI DNTTRY, FELTLLK
5 HB#E L7 8 A EMIICHEIE L,

BTEIRFERBIIMEOLDEFLEL, RBELL7 09— VITDOOTRAEIZEDSD
TH-%. BERIIAEDLDT, FREBOIERR L9762 A TH, 187 -V
KON THNT, T, 2EEEHICOVTE, BER I FHEETHEL, 197643 A
T4, WHAZEBEFHREREROEBICEME L, REION THAEETE -co Licds
5T, RERBRETE > THAKEZBET, RKEOKRBOIOBETBT+SELNITH -
frb DR, RIELTOEFTPRTHRBH LA OBH - cicwd, SUELED I v~V
BIIHdUBELUTRE D,

)& R
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AEREEZBONIETFLORIF LT, BHARICESL LENTIHOEBTRBICE SN T
DORETH S,

REGES U7 QERE T L MERF O & 1000 K EDHEERE Fig.-2 IR Lz, 28T
1770 —~vThb, HCHEXOBETELY, FAMBCHBXOBEFEZZ n— Vi
IR LK, IO HEMIEL I, £DOREHMBPR TR L MAaKRID THICELN
oo TabL, A—7 00— vOBEBEFLMERET CRABETEDOHINSNT EER
LT3,

BETEICHE LTiE red pine, loblolly pine, Douglas-fir, ponderosa pine, 2 ¥& 5 1>
B/ FICHONTHEINTWS (Sorensen and Miles 1974, Franklin 1969a, 1969b,
Fowler 1964b, 1965a, KEE 1972¢), # LT, WIN b HBEBFEIINE LKL B EBXT
W3, LHAL, FORBREIRZHTHT, Franklin (1970) <V EICOWTHRIERTHE,
MR FE 1 iIC) UCHEBFREIZ 0.97THIBRTH > o Ll T 5, F7z, BE (1964)
B7ha=r s a0V EO20THENIERTIE, BICHBETESPPRK &S - Ll
T, £/ FOEAR, ZOHRBH0.ITTY LDDPPETOHAMAENT MG
sfte COEIH, HEMBTEINICRKZIBRELT, Y1 FhBEHC &, BEIDHIE
BRICXDMRDORENBZPTRIL LA RELABTFSL BTN THELH EBEDLNSG,

(g)

3.0F /

25 b o

1.5F /

Mean seed weight per 1000 grains(self-pollination)
—d L
w
\
N
[

/i It i i i

0 1.5 2.0 2.5 3.0 (g)

Mean seed weight per 1000 grains(cross-polliantion)

Fig.-2 Correlation of mean seed weight between cross- and self-
pollinated 1000 seed grains from Hinoki plus trees.

RICRHFRICET 5 HIEX LMK OHBR% Fig.-3 {Tnd, £28T1770—-vTh
5, MR OREFRTH O SDIX32.9%, BNHDIB0.86 % TH -7, THEXTE
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EObHDIE25.4%, BOBDIZ0.4BTH-Tco WTFNDORTE7 0 —~VICEBNTY
FRALNK, UL, B—7 0~y TZOEREL~NDE L, FTEALEDT u— v DSRHE
TRULAEKABOTHICMMEL, HEBETIRFIBRENC EB8505, UL, ME,
AR ThE - THRIFERXDOBONEDMNAOLNTH, TOLH1EFHIZ Douglasfir (DT
LEEIN TS (Orr-Ewing 1954), U U, Pinus monticola Dougl. (Bingham and
Squillace 1955, Barnes et al. 1962), =z & (KEE 1972b, 1973), Douglas-fir (Orr-Ewing
1965) BLUTHTY, 7u=y (BH 1964) 2EELOMBTEDONTNS X DIT,
— B BT ORIFRIIET TS, Franklin (1969a) i3 loblolly pine TR EE
2T, BEICEARFIROETERIR OBEEIZEBRNTNE, T/, Koshi (1973)
iz Picea abies (L.) Karst. DR FORIFRI 65~T5 BTHH DI, HIEEFTIR
HDTEPIC6~8HBIBERP > T ERRTVE, &/ FMERFORFRIXFPwVIC
HARTIELS, FHX%BEEDNTNE Y, BEBEFTIIHIORTH >, B, BHEIKX
BRFROETRIZZ6.THTH - 7,

(%) s/
— Ve
= ’
S 2 b © Ve
S /s
2 /
= s
— s
2 s
w20 F /
— s
b3 °© s
< s
v
£ 15 b o y
§ v
° 7/
[=¥ /s o)
5 o 7
Vd
T oL y o
< s
k= P
g . ° °
) /7 o
i 7
= 5 o
3 /’0 fo1e]
= /
s [o] (o]
7/
-0 1 L 1 L - 1
0 5 10 15 20 25 30 35

(%)

Mean germination percentage(cross-pollination}

Fig.-3 Correlation of mean germination percentage between cross- and self-
pollination from Hinoki plus trees,

Fig.-4 (3F % (cotyledon) DJEEICET 5 BEX LMEX & OMERTH S, FTEFK
HBOFERIFED BEIICHTS BORTR UL, F/, Fig.-5 BIBEHMEE FHR#HERIC
15 HEREMER & ORERTHS . THBEOBE»D, Cho3REEX8 70—
VIROWTHENT, 3IEROITNOINARERIIATTHCMAE L, BHEROFIHNE
ot REDENC LD FEHRBEOEZRIT DV TORERASI OBV, FERBRF
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Cotyledon slenderness(cross-pollination)

Fig.-4 Correlation of slenderness which was expressed the ratio of cotyledon length
to width between cross- and self- pollinated progenies originated from every
Hinoki plus tree,.

BPDORBEOPIE S TNBLEND, 2ORDEBTCEELLIILTVEdDLE
Zbohb, £, EWEEIT loblolly pine (Franklin 1969¢c), red pine (Fowler 1965a)
T, 7 EE L noblefir (Sorensen et al. 1976), Pinus monticola Dougl. (Squillace
and Bingham 1958) # X ¥ Douglas fir (Sorensen and Miles 1974) Tzh Fh#4 X
nTwa, BE (1964) 37 o<y o LEERIIEKICHN4BRE/NS D ERNTH
5o B/ FTh, TNUSIBENTNHHMXOL WIS, MIEXD bDiCk~, FIH
EEIIS%, BRMER4BZ LTTREERZIBET LT,

BA=ER (survival percentage) i3, FEEHK 1 »ERB LRI OBEMEKEE RFEMH
HETHRUCEEEFETED L, TORRER Fig.-5 ICRLI, BERDETRRI
Pinus, Picea, Larix 3 X1 Pseudotsuga (Franklin 1970) 73 FiC>TH L, BF
OPICHBEFHBOFBRCOHASRIE D, £/ FOEALILRAMKTH -, 7KK h
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Mean length of hypocotyl and epicotyl length
(cross-pollination)

Fig.-5 Correlation of mean length of hypocotyl and epicotyl length between cross-
and self-pollinated progenies from Hinoki plus trees.
(x : hypocotyl length, (O : epicotyl length)

(Fig.-6), /0 —YICXBZ0RODNTYFBALN, BCHEXKO OB ENSDD

Avonih, TNRAEFTHHPOEKORKEP, —HERARHORBBNE U &lxE
LEkBbDEEZZONB,

2EAMEICETS T/~ vyOHBEMFEDORER%E Fig.-7 WWRLI, T7n—V
DHB, 570y THBEBEBRD LN, HEDO/NT Y FBLONIM, FHTE L
5%0DEMEEHESE - T,

MEDRMBHEICE L TR, wINnd KBRWE N BB TH S5, Picea abies (L)
Karst, (Koski 1973), loblolly pine (Franklin 1969a, 1969b, 1969c, 1970), Douglas.-
fir (Sorensen and Miles 1974, Sorensen et al. 1976), R ¥ (KEE 1973), 7 u=v &
TAZY (BH 1964) ZEZOBMBTHNONTNS, BICXF Ghbd 1976) £
rad pine (Fowler 1965¢) k5K, B L THINIERICARBOBNEEL, b
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Fig.-6 Correlation of mean survival percentage between cross- and self-
pollinated progenies from Hinoki plus trees,

SNEBANEET S LEFDENTN S,
RICKEBR TR TIREDOREN HiEsSB0EE (BEFHE/WEF 83 %

Table-3 iC/R Lo WTNOEE S, TOMEIZ1 X0/NE L, BICRFREBEROME
INE D5 T2o

Table-3, Effects of one generation of selfing on seed and seedling traits in HINOKI,
experssed as ratios of mean value after self-pollination divided by mean
value after cross-pollination,

Pollination / i Seed weight Germination | Cotyledon | Hypocotyl
[/ Traits [ (g./1000) |percentage (%) type (C.L./C.W.)| length (cm)
Self-pollination 1.99 9.65 4.25 1.68
Cross-pollination 2.21 14.79 i 4.45 1.84

Self-P./Cross-P, | 0.90 0.63 i 0.95 { 0.91
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Pollination / | Epicotyl ! Survival | Seedling
- /Traits length (cm) ipercentage (%) height (cm)
Self-pollination 1.13 L 6187 ' 11.78
Cross-pollination 1.18 72. 14 12.40
Self-P./Cross-P. | 0.9 o84 | 0.95
/
(cm) 7/
d (o}
7/
14 o 0 Vs
/
(o] /
7/
/
= 13F s
o /
"5 ,
S 7/
o /
2 12 + g
& 7
hs / %5
@ 7/
:’ /
< /
11
'E) : /’/
< ’
= 10 /7
/
<L /s
S
T -/
/ o o
d JL 1 i 1 L 1 1
0 10 11 12 13 14 15

(cm)

Mean height{cross-pollination)

Fig.-7 Correlation of mean seedling height between cross- and szlf-

pollinated progenies from Hinoki plus trees.
The seedlings were two-years old.

3 E =

AERTIEMEEMIEDENICK I BFEERBICOOVTOREEZR N, LML, T
HELHBROFBET TR L0 BESEL (O BBTRINTED (KL 1973,
Bramlett and Polham 1971, Mergen et al. 1965, Forshell 1974, Koski 1973), & <iC
Bingham (1955) 13 Pinus monticola Don i DT, REELERITFLEHRK TEITLW
D, REFBTFERIMEXD S0 BT Ur#E LT, 205594 F0850%0% L, FFEER
BEICET TS EBNTW3, /o, TFO L (1972) 7 H=VYEROT4ERBH
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RERZETIE - 1o HR, A—AOREEERIEEICL - TERS Y, Zhl L, TRD
B KBEZADTEHITERBDY, BILEHHICE > THENHIC LERH TS,

AERICEBE ./ FDBE, bAHALHOBET, H- 2D LEBEBBEOHRNS LN
7 (Table-3), FAEBCEULTCHE2E4AMETTICEEE 72, LirL, Sorensen
and Miles (1974) {2 Douglasfir OMEICE LT, OHBEBRBORELZREE ORE
LOENIcEC A, HETFHREOHMBEIMMED b DIcH~, 0.82, 0.72 L X5 0.68 &i
BELDITZDEBREINBEAREL TV, S5ICO6IFELD Picea abies (L.)
Karst. TIZHESOMFERIC UipZ Lz (Briksson 1973) ¢ & &5, &/ F0EA
b, MEBRICEER - TEOEBKRENLE bOETFREND,

% 72, Pinus resinosa Ait. (Fowler 1965a, 1965b) @ X 5 IC#ifE & L CHMSEE DR
BRPBEOLNICKVLDOBELEL, BICL-TZ20OBREIENHICLEETFLOINATVS,
Koski (1973) (% Picea abies (L.) Karst. T, Franklin (1972) (2 loblolly pine T,
X 5iC Snyder (1968) (% slash pine 13 & T, 2N ZNHBOEENA X EDNE T &
ZHHOMIC LTS, Franklin (1970) ZWVWAWARKEEL 4 DOBIKAT T, HIHEE
ORFEZLE L, Pinus T 0.90, Picea T0.91, Larix T 0.73, % LT Pseudotsuga
T0.68 THB EBRRTNDB, b/ FDEA, 2HEAHETO0.95 (Table-3) TH -7 L
L, Table-3 IR LI KD, A BADOERT, HE L BIEBEOHRELZLNS
TE, IOEHEIMBLELEDICZOENRENREZTERENS, £/ FOHBEHHO
BEEI»RORENEEZILNG, /2, A—BHTS, HEBRBOEERIREEEK
Ko TE-> Tk, THRZEBEEAXE T B ETFERBERICI - TELEN®ES 120
KEEZONB,

MARDL S ICEBTHHMOROAKELEDICBOT, COLIICHBERRBEDNE C &
A BOMABEEED T LT, BICEE T ~XMEcH 3, —F, Diechert(1964),
Eriksson (1976), & (1967, 1971) £ FH « FAF (1971a, 1971b, 1973) &k~ TL
LT, BRI o - VHOMARDLEENCERDZCL00, 4BINASDOMES
LEDTHABREELZHEDTOLARETHS .

BIE HASOEBENOEELLHREEGHORE

E18 47N RRICEEEHAEDLEEEDDIEE

HROEBZHRBFBEO—2& L TREBTEEND 2, MAOKRERERIT, »HDEHL
HofTRHLNTVE, LaL, =VEBERZRIULY, #7<VE, "I¥F¥FEHI30ITE /
FEBETHONIBEHRBECHT 2 HONBE W (FFF 1972, 1974, Genys 1974, HYY
5 1967, Nilsson 1974, Wright 1976), oD 5> H, HEBEMNELHREINILT A=Y
L7 a=yORBERE UMK 4H 1963, S 1967a, PR S 1974) itk 3 &, B2H
BREDARZRIVEEN, TH<w YLD 7o~y 2B#ic L BB, FIOLER
27 R=YXTATYOEBIEEPICEN, VWHW D HERE®RZ (heterosis) BFEHLN T
1L EREERHE LTS, T Pinns rigidax P. taeda ® F, (x Pinus rigitaeda)
REERIRIIZRD TS (Hyun 1956, 1972),
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HE, MARDEENHREEAZBENE LT, EBRIFEREICEERSER SN, EkoR
R, H5VEREERERICHDL- T, REELGOARNCEF LMK L2055,

i, MARD LD IKKEELEEMTIE, —EEZA 2T ONCOREFR Db > TH—
BAREZFKEL DI 20 THHMORENEE LICBXETHERI EOHTRED, L
T, BRARXTE2LXILEOET%, LobHEENFREOICNAET2EMUTES X
IBWHBERETH b,

REEET, SHEBTHEEME LTEEIN, 70— vlEXNE0TH S0,
Z DBEMRFEIT OO TOREIR L EIN T,

INFTHRDLOUTEIEENBEOWRRLLT, ¥, v/ F, BIXUVHEIELET
B{EE (heritability) OHFEBHADNI, BNONLEES, &, WEEE R
D, 132D, 70— 2BELTETEOIbEME, FHIE, KO, KERSICETS
SO, BICHE, BEERREOFEREIR, 0.24~0.80 LiExxd 50, HEHEOE
ERARTC EBPE L pc & (Toda 1958, 1964, HH 1964, A S 1972, KiED
1971, 1972, Steinhoff and Hoff 1971, Sakai and Hatakeyama 1963, Matziris and
Zobel 1972, Squillace et al. 1967, Nicholls et al. 1964, Sonith 1967, Hyun 1970),
HE T, SEBCEOHERIRTHECLEERSY K § 5 kAKE (progeny test) s
iz (BE - B 1975a, 1975b, BHA « #ik 1966, RIS 1966, FH « BiA 1963,
Farmer 1970), fHHC X - TEDH 2 C EBPEL MK EN, DT &L, HAEDLE
Ck-T, BWNEFTIREDOERNALBEINLOND T EERE LTINS,

—IC, AT R YREEETEROOT, EiC, ERHOLEICIY Fi 2{E0 T
HBERHD, Lrd, 2O0RLDICETELLTBENLAETFEZESE, LIrbERBIEOH
THEND B,

AEERTIE, THITOWENEATOROE /) FHEER 7 o — JHOELEL T L
78 2%V, TOBRRICKIBIEELHMICIZIEHNT, —BHEAEDERED
(general combining ability : G. C. A.), ®HEMAESHEEESH (specific combining
ability : S. C. A.) BXUHKEZHOIE (reciprocal combining effect : Recip.) &\
KODPOEC EICHTH N, 2 LT, REOHEROEEELRAT,

1) HEE LUFE

(1) #¥R, BUMELIUTELE

19744 4 § L), WHARZEETNBEREERE / F7 0~ vEEROBERIZ7 o — v
ZRHOTATIREAITE - 12. XXMM 13%X13 OF4e£L44T7v s uzBEL2EKNE LK
0, REORED, HAEGOEY ) OREEFROBEL LD, KRBICELNID
DiZ 8x8 D 64 MBADETH -7, A sm—vid, FyITve (NO), #5445

(K4), HEI8S (K18), K25 (F2), BE25E (A25), & 1%E (O, FAE 2
5 (U2), 8XUFEmME 35 (U3) Thd,

REIOHFAFEL, SOIREML, B1975F 4 5 4 H~108, JUNKFEFEHT 7 R
BEATHEE L, BEXIZMAMEE LWL E8cm OEIICOHEER Ny b (34x
43x10cm) =R Lo, #BERIC N.P-K (13:8:9) AR EZ 158//v9 b M
BLic, #h, HEDRD 44 REVF—HE =B [ -V 54 F] 80 KFuH%
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0.70¢/m* A L1z,

AERBRIRD 3 DOTH5, FIHFER (germination percentage) : #EMH 28 H i D Rk
Ze3EsR  IEEE (hypocotyl length) B X U TFIEJEAE (cotyledon length/c. width) : £
ek S n BB L7 8 B LA Helh R B4 B THlE L,

BEARIIBRES L, 1EMOOBERIT 400 K& Ui, RERRZT 794 ¥
(Sin™) ZEBLELOERAVL, ¥, RUREFEREBCHTLS IMIaDEHLO
B &Rz 22N 1sEET, 2ERE L.

()8 B

CHODOHMIZZDOETTORBTH IEMBEN L, HH 44 XAV F—EEHOTH
F L, 2£LT, 197643 A15H, SUMNAZEEBMBHEEROWM (1x20m) ICHS
ADRBICHBIE L, RFR, HNI1EMOBEZATOBED, FKECHERRANOHAHK
REDRDRBRBE L, HEBME, RRIICE Dl TXT DRLELAT 7o
ZFITH -1, 2NEFIE (1) TR EODH bFEME 35 (U3) £/ T7 70—
YThHb,

LEAADEL D OB AARBIZREME LT 100 A& L7z, £ULT, 19765108 L
1], HEOREEFIL -1, WER IHASDLELY 0KREL, 2ERESE Lz, BiE
%, HREELLZLORESE UIIY, 2RERKIT 2,649 K TH -7,

A4 T LI aRCLBEIER, FOHMICE > TOL DPDHENFEINTNS
(Hayman 1954, 1958, Jinks 1954, Yates 1947, Kempthorne 1956), KEERTIZ, —
BMASDEEES, BEMASDREN, HRLHEOHRL XVHEOHRIC DV TOR
WAXEME Lzt Griffing (1956) ® € Fuv GEROBA) OTEELBEICL, B
T, BIZROHEFEL Becker (1964) DFHEEHEC LT,

)& =&

AEICEL, &7 00—y Ol « EEIOZENET~, ZD¥EHR A Table-4 /R Lo
COEMPSHELMEEIIC, ENFLOREDOLFHELL~NS L, &7 v~ Olf - i
THZDDNTYFNRAOND, FIAZHFE (Germ. per.) DEFHME2L.59 %LV
BWMEAR LTV A HEIZ NO, K18, O1, ##i3 K4, K18, F2 Ths, Lo L, Hf-
HOThESBORFEELRLTHE DI KI8 DHTH - 7. BiEliE (Hypo. L) TR
NO, A25, O1, F#EEHE (CL./CW.) T K4, 01, U2 i - LI IBVWES
R Utce 72, 24E4EHE (seedling height) 10 L TAMKDESME 12.35cm XD b
WEATR L7z DR, MRS K4, F2, A25, #E T F2, A25, Ol T, M -#fidh
LEWEZETR LD F2 & A25 DA TH-7co TNFNOBEI K » TEWEERL
T3 70—vRAETLH—HKLTORBOBTFREOREEICE X2 B O BTN
KAESVHDEFREINSG,

WIT, ABZNZNICONT, MAEDLRICLZ BN ENE I DEFRI, 20
#EB(3 Table-5 & Table-6 /R L7z, RPSWS ML DI, 4BEVTNOEAED
& (Crosses (F))) THELCEHOER (1%L ~w) THEESBD NI, Tk, FF
KEEHD2HBICDOTHE « HEFHICHW T, TOEELT I HE%E Table-7 IT/RL
fzo (M (females) | , [HEE (males)] , BLXUNODOXEIER MR XHER (fe-
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Table-4. The mean value for germination percentage, hypocotyl length,
C. L./C. W. and seedling height,
Clone i sex Germ, Per, ! Hypo. L. ‘ C. L./C. W. | Seedling height
4 (%) Sin™! | (em) 1 (cm)
NO fernales | 33.79 19.96 ' 1.95 4.26 11.91
: | males 18.23  10.58 1.97 4.42 12. 14
|
K4 females | 20.25 11.75 l 1.74 4.57 13.36
males 23.54 13.72 | 1L.72 4.55 12.21
K18 females | 28.03 16.36 : 1.89 4.19 11.53
males 25.48 14.93 | 1.70 4.09 11.49
- females | 15.61  8.99 1.93 4.02 13.28
males 22.57 13.09 . 1.78 j 4.39 12. 67
nps  females | 890 511 | .87 | 46l 14.65
males 20.06 1169 | 1.82 4.43 12.69
!
ol females | 26.04 15.24 | 1.87 4.77 11.23
males 21,42 12.44 1.89 4.52 13.27
|
V2 females | 19.72 11.40 1.61 4.70 10. 49
males 21.23 12,35 | 1.86 ! 4,49 11.88
Us females | 20.35 11.80 | 1.71 | 4.19 —
males 20.15 11,80 j 1.83 : 4.52 —
~ - N . |
Average | TEP3eS 1o 59 1y 58 ] 1.82 | 4.43 12.35
males l
Table-5, Analysis of variance for germination percentage and seedling height.
Germination percentage Seedlings height
Souce df | SS | MS | F | df | ss | ms
Crosses (F)) 63 9140.3106 |144.5129) 27. 6215+ 48 ?342. 5891 7.1373 |7. 0897+
Replications 2 6.1198 | 3.0599) 0.5849 1 | 4.8494] 4.8494 (4.8171
Crosses X i : |
Replications 126 |659.2250 | 5.2319, 48 | 48.3225! 1.0067
H t |
Total L 191 |9769. 6554 | 97  [395.7610

** 1 Significant at 19 level,

Table-6. Analysis of variance for hypocotyl length and C.L./C.W.
Hypocotyl length ; C.L./C.W.
Souce | ar ss. | Ms. | F  ss. | Ms
Crosses (F,) 63 4. 8079 g‘ 0. 0763 9. 0833#¥ 17.5503 0.2786
Replication 1 0.0185 i 0.0185 2,.2024 0. 0044 0. 0044
%%ﬁisg:ﬁﬁns |6 0.5296 ‘ 0. 0084 2.4760 | 0.0393
Total ; 127 5.3560 ‘ | 20. 0307

** 1 gignificant at 19 level,
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Table-7. Analysis of variance for germination percentage and seedling height,
Germination percentage Seedlings height
Source ‘ , ;
o df | S8 | MS | F | df | SS | MS F
Replications ' 2 6. (198 } 3.059921 0.58499 5 1 4.8495 4. 8495, 4.8171
Females ' 7 3530. 8152{504. 4()22j 6. 4090%+! 6 3178.6186 29.7698 29. 5717%+
Males 7 298.2689? 42,6008 8. 1442%* 6 %30.0806 5. 01351 4.9801%*
Females-Males 49 5275,22651107. 6577“ 20.5771%% 36 {133.889711 3.7192[ 3.6944
ierae;lglsig\g%tegs 126 659.2250 5.2319; ‘ 48 ‘[ 48.3320 1.0067;
Total 191 1 9769. 6554 97  |395.7605 '

*% ¢ Significant at the 19 level,

malesxmales) | ONWFTHNDOHETE 1 BL RV THEENE D ON, FHEBEOEEED
ERiZ, s NFNOBEKOB OBEHEEICLZ LCABAREL, REBEDENICE-T
BREBERELLEASNS T EWBGH T,

WIT, MASHLHICLEFEEL, —BEASDEEET (G. C. A), FERIADEEE
71 (5. C. A) BIUMRMAEDLEOXE (reciprocal effect) o1 CTH~IRRE
Table-8 IR L7, ZNFNOEHDOWTNOHTOHIEEILEHOHEE (1%L ~n) TH
EESED LN, 7277, FIEKE (CL./CW.) © S.C. A. D&4i3 P=0.25—-0.50
THBEMNEWL, G. C. A, & Reciprocal OZIFTRAEZEMSAD SNz, LlEDC
R, PABERMREOLIBERELRAV T ERNENCTHBELEETSC L,
s OMASOEEICIIMENT Y 03550, 20PRKBEFCEN T FEEZE
EL, VWHbYWRAEDATFoYRE RTEDBHECE, BCH~DMAEHLETH-T
b, WEFNEH - BT AP TEOTFHRBICEL - B8 e BXITTCEBEERLT
AV

Table-8, Analysis of variance for G.C.A., S.C.A. and Reciprocal effects in respect to
germination percentage, hypocotyl length, C.L./C.W. and seedling height,

Mean Square

Source i
‘i d.f Germ, per.| d.f Hypo. lenght CL./C.W, | d.f Seedlig height
G. C. A. 7 82, 6088** 7 0. 0914 0.6009%* 6 9. 0866**
S. C. A. Lo28 39. 6921 28 0. 0148 0.0165 21 1. 9479%*
Reciprocal | 28 18. 5307+* 28 0.0376 0. 1929% 21 3. 1014%*
Error I 126 1.7440 1754 0.0022 0.0147 2646 0.1021

** : Significant at the 19 level,

RiC, 4TBBICETSE G.C. A. 31U S.C. A. DZNZhOYHEEBE~BDH
E%%m%ﬁﬁ%mmfk%bt%%%'hmﬁ9K%Ltoﬁﬁ,Cﬂb®&iﬁim
T, LOrHZOENSKEVEZOMRIIAEL, ADBEOEARHORENSL &%
BHRLTWE, FIAE, BFEROMEICET S G. C. A, %Rz Ki8, NO, O1 5&
iThkx<, S.C. A, DFIRIZ K4xO0l, F2xF2 12 &tk s0n, BGEICE L TR,



Table-9, General and specific combining ability effects for germination percentage, hypocotyl length,
C.L./C.W, and seedling height,

Character gl\"ge NO K4 K18 F2 A25 ot U2 U3 G.C.A.

NO —14.6813 —2.8150  2.1394 —0.3944  2.2700  4.4231  4.4337 46244 2.6831

K4 —5.1388  0.5706 —2.5631  0.4013  7.4594  4.1400 —2.0544 | —0.0181

K18 ~-9.4000 —1.9088  4.1656  4.6438 —2.8456  2.6850 3.2125

. F2 4.8250 —1.6931 —0.5150  1.3506 0.8913 | —1.1538
Germination Percentage g —2.9888 —4.6259 —1.7700  4.2306 | —3.9981
o1 —9.4025 —0.2069 -1.7363 0.5588

U2 —5.6313  0.5294 | —0.3519

U3 —9.1700 | —0.9325

NO —0.1744  0.0469  0.1281 —0.0662 —0.0237 —0.1006 0.0856  0.0569 0.1264

K4 —0.0919 —0.1206  0.1750  0.1550  0.0156 —0.1713 —0.0068 | —0.0900

K18 —0.1994 —0.0037  0.0462  0.0069  0.0681  0.0744 | —0.0163

F2 —0.0681 —0.0131 —0.0824  0.0688 —0.0100 0.0381

Hypocotyl Length A25 10.2181 —0.0725  0.0038  0.0750 0.0231
o1 —0.0269  0.2344  0.0257 0.0575

U2 —0.2044 —0.0831 | —0.0888

U3 —0.1319 | —0-0600

NO —0.1937 —0.1712 —0.1487  0.1669  0.3313 —0.1206  0.1300  0.0062 | —0.0863

K4 —0.3387 —0.1563  0.1293  0.1637  0.1919  0.0075  0.1738 0.1812

K18 —0.0863  0.0219 —0.0538  0.1493  0.0001  0.1012 | —0.2862

F2 —0.1925  0.0869 —0.0750 —0.0193 —0.1181 | —0.2218

Cotyl. L./Cotyl. W. A25 —0.1337 —0.4407  0.0150  0.0312 0.0937
ot 0.1725  0.0781  0.0444 0.2207

U2 —0.3762  0.1650 0.1700

U3 —0.4037 | —0.0713

NO 2.0622 —0.0256  1.5215 —0.5213 —0.2349 —1.5163 —1.2856 —0.2358

K4 —1.3735  0.1487 —0.2642  1.2522 —0.1042  0.3665 0.3220

K18 —1.3892  0.0530 —0.0506 —0.9270  0.6437 —0.8251

Seedling height F2 —1.8449  0.7865  0.6951  1.0958 0.5178
A25 —0.8820 —0.2435 —0.6278 1.3063

o1 1.3651  0.7308 —0.0472

U2 —0.9235 —~1.0380

¥9
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G. C. A. O%RIZ NO, 01, F2 1 FiItk&<, 8. C. A, T 01xU2, K4xF2, K4x
A25 B X THICKEVHRBAE SN, TEEED G. C. A g 01, K4, U2 DJFT,
S. C. A. Tl NOxA25, K4xU3, NOxXF2 i Thkx<, 72, HEIKETS G.C.
A. OFHRIZ A25, F2, K4 DJHIC A X<, U2 ®» KI8 TRBIT/HE KoL T,
#75, S.C.A. 12 NOXNO, NOxK18, O1x01, K4xA25 DIFICK X< HSHNT
7zo BiC, 4ED S. C. A. DH3HT, HICABRXIRZZOREAENAT, Lrdzd
B ES A S ONMEER LTV, 22, WHhY3 HEEEORDLNTH 5,
F12, HEBIKET I HEREOHRIC OV TIH R E Table-10 TR Uiz, RPD
iz 7 DHESA S VEBHEKEASDORMICENH ST EERL, EiL, ZORIBIHEE
HAEECL TS, ZOEMETRENVEE, RO [17] OFEHRIC LIEH
VT EERLTVS, FIZIE, BHRIEMEERL K4x01 TiF 2.600 27" LT
34, thdid O1xK4 L0 ¢ KaxOl OFHBOFBEN TR EERDL TN S,
Eh, RO YEBNREONBH, Ol BRI, 7/ A25 BEERICLIZED, ¢h
ZROFDOEESLD SBENIERL LT CERNENHL L ER T,

Table-10, Reciprocal cross effects for seedling height,

Clone 9\ NO K4 K18 F2 A25 o1 U2
NO 0.000 = 0.630 | —0.490 | 0.180 | —9.625 | 0.830 | 1.160
K4 0,000 | 0.270 | —0.375 | —0.040 | 2.600 1.420
K18 ; | 0.000 —0.515 | —1.290 & 1.840 | —0.130
F2 1 | ? 0.000 | —1.100 = 1.486 | 1.105
A25 1 ; 0.000 | 1.445 | 0.740
o1 i | | | 0.000 | 1.215
U2 | f f | 0.000

Hic, BPE, FERESIC 28£SO 3REICET 3 5E D #EEHE (narrow sen-
ce heritability) (Becker 1964) x3RKw7: (Table-11), 47 b b, 7, iff - HEIICE
mREzhzhRD, KiICaEE LTOEERERD I, IBEVThHREOFIED
EHELN, BESFHBCBIZTEENROCENT s, Tk, 2ATOREERI
0.33—0.34 OFTH -7,

Table-11, Narrow sence heritability on the three characters, hypocotyl length,
hypoctoyl types (C.L./C.W.) and two year seedling height which
were calculated from Hinoki 7x7 diallel crosses,

Characters Hypocotyl ‘ Cotyledon type two years
Parents length ‘ (C.L./CW.) seedling height
h? male 0.207 0.109 | 0.032
h* female ! 0.454 0.561 { 0.634
h? male - female 0.330 0.335 0.333

NE B
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MAOGOERENT, $TR Yo a v B EO—FEEEYTHESHL, ~FovE0
BEBHEIC I N, © L THM R (male sterility) 2F|H33C T, FLORE
EBIDTODS GREE 1968, B 1969, 1972),

BEOHE &L LT, Gritton (1975) 3= v Ky (Pisum sativum L.) OB B 8 Bkt
RBU, ENSORTEAT Ly a X470, HASbeIEHA~NI, 20T, G.
C A, S CAVITNOIBLAVTHEEESEDONCE, BEXCTHETRLEE
BEFEEREIIFESSE (average mid parent) @ B (height parent) & H~T, 2
NENSS. I BELU 2.0 BbETEICELLEEHS piT Lk, £ Dfliic, 282
(Nicotiana iabacum L.) (Fan and Aycock 1974, Huang et al. 1975), tw®ux
> (Sorghum vulgare Pers.) (Kambel and Webster 1965, Dhillon and Singh 1976),
#4 X (Glycine max (L.) Merr.) (Paschall and Wilcox 1975), 22y 5% (Caspsium
annuun L.) (Lippert 1975, Marin and Lippert 1975) &2 M2 5 v+ 4 (A » Bk
1970a, 1970b) 2 LICDWT, £NFN, WANWAREESTENLIL, HASbEEDIC
FELOVERBDY, AT o Vv RDOPREBAONI EBBEIN TV B,

—%, BB EICRERBERINAEBE, 20200 REOBENEES X 0 HiE
CEBUTECBESE U TE I, MADABHHRIERECEN LD, TORELR2E
TRERZET S, UL, COXIBBROIECBHRELENEL, Bit~Fo
YAMRELF LA E DS ENCETIMESRLICED SN TV S,

Nilsson (1974) (21950, 75 VR ERY . —F v TE & Norway sp.
ruce (Picea abies (L.) Karst.) 2V TCEMDEL ZFEHBEIOESI LA T L LI 0R%
T357c ZLTRY 2 —F VO, BEHO S i CHIEHRBR AT - 72, 20EERKOK
F, WEEREEE 2 ORETHAADLRICLBESBAD N, BICHE EHERE—E
WADSDEED Fi X0 &, EHMMED F, OFH0% 6B, ZOHKOEAIEH»DS
BT IICONTAREL LB EEASMC LI, 2OFAELT, 77 v RAEDOAE
RAEAY 2 —~ T VEOWERSEARDIN LR TH 5 LB~ T 3, Eriksson
(1976) b cEBRILC 2R RTNB, %7, Wilcox et al. (1975) |3 radiata pine
(Pinus radiata D. Don.) D& A4 7Ly a R%EFI0, 20 Fi BASbEORND
TELVEBHBLT LEAZRBHI, BiZ, 70 —vFvN—96x550 F1 BENRITRTO
RETERLEN, BIIHBETRBLBLEAL, ~F oy 23R 4BHEBEEFHE L
TR RIOEEL 2X2 HORBEAER L THAETH B Ek~TW 3,

REBOMRRRAE LN 2 VEMICRONKLEREDOSIERTH B, E- T, Wil
cox et al. (1975) BHEL TV B LIBWFLOAT 0y ROHRITE D ST
W, Fi ORFEERMAEDEDOENC L VR SRBELZT BT EH50 - 7z (Table-
5. Table-6), M UL I EIL, AF, £/ FBLUYHTOIRINTVS ({1973,
F M - B 1973, B2 1976, Critchfield 1963, Bingham et al. 1969, &M 1972), B
I, i BERBNCZ ORBATE <D L, BEOKMREDOEHA S S EbN T (Table-7,
Table-11), Morgenstern (1974) |3 black spruce (Picea mariana (Mill) B. S. P.)
T, EFH RN (1971b) SR (1973) RAFTRAULL I BEREEBTV S, YLD
Epo, EFLMBIFICHBEOZENRK TN BT,

T, G.C. A & S.C. A, BXU Reciprocal DFRZNFIICE NI BE T &0
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Foti. MUK D KR, Kraus (1973) 43 slash pine OA&ER L H&ER Y ©F (fusi-
form rust canker) #EHif:i1Z DT, Bingham (1968), Bingham et al. (1969) /s west-
ern white pine @4 £¥F (blister rust) EPLiEIZ DT, FEiC Wilcox et al, (1975) 1%
radiata pine ORI EPRHERILEDOELEIC OV THE LT 5, HiZ Morgenstern

(1974) 13 black spruce DOFIFHEIEH (germination rate index), FIFHHE, FIEH,
BERBIUL1, 2EAMELE~S. C. A, G. C. A, BLU Reciprocal ORI %
NENEND DT E2BY, BCRFRLIBERLBRVIIEEOMBEZERIT 0.42—0.59 T
HoTEBMELTVS, £/ FDOBERICNELANTOREDL - 7203, MIRDKEE
BB o5 (Table-11),

PEDX51HERMLS, G.C.A 2 8. C A IZEVBHICERIEFERECBNT
EBICEENRCETH S, - TH4OBEAROEZNFEZTEL, BFEEESLERE
FORER G C A OFNLO, EHEMHEIL S. C. A ODEVEBARLEEL THIRE
THbH2.

F2H b/ +ERREXERHORR

EHORBLB I EBENERNTHRE S, ERINEBEERNICK > TR EE L2
T3,

MR KELENEYTHY, MWEREYTH S, 2/, Z2OEBETFEEI~TF o ESKTH
%o BT, MARRBWAWARHEANETZ LI RELRFE~ToORETHBELTY
3LEz2605,

P AE BB ETFORSELERICE - THEINTVAIE ST, HENEEEE
RABRETEHICET, CHODBEDOEEHA N =ZA L2 RBTECENTE S,

HE, TOEINVEZDHEL, MRKICHBIN TV IHEREEOHKR L, £hicHE
THREETFAMBTRONDDH 5, MERKREINTEEIZT LI L TH S, BT
& < ¥ (Franklin 1969b, 1972, Steinnhoff 1974, Donald 1972, Khalil 1974, Johnson
and Critchfield 1945, 1974, KEFE S 1971c, Sorensen 1971b) %, R ¥ (KEE 1972b,
Ohba 1972d, 1974b, KEES 1967b, FIE 1953, R[E 1964, HiZE 1975) I DWTOH
EMB, TOR/RE, FHEETFIRL-THXEINTVBELI LN OrOREKETS
BEFHNMBTIL LN, £, —FHTRIERBESOALNIRIECX - TERELFR
L, ENhoDBEFHFIETRY, BCKRAKOFTEREOERGNI A A =X %2BBLELD
EFTBRRAAMLEINTNES (KEE - F#F 1971b, KEE 1967a),

t/ FRAFPTVHICE~E &, —RICATEENERCZ L EEDNTNS, B
EH, £/ FOERBECETIELETIHTIIARE (1972¢) BRE LTI F12 0,
UL, &/ 3BEHDOI o~ VIBERBROER, BE/ o0~ VT, LrbhRDDHE
ETERVENBET S, LAMB-T, CHoDERBER vV RAFELEALES I,
BB EETFOMSAHLECKEINTNE EEZ LN,

KRXTR, £/ FOEBFNRICERONE 2 OERBEOEMNE, FIZ, 25D
HD2, 3OERMEZBREBL TN/ o—VvEROTREERETEYL, Zhb0BE
DEETF AT ERS T,
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1) MMBLUFE

1972, 19734E 4 A, AMNKRESMHERESHE / +EBEICS T 28EM /70—
S LA —F vETE 7 0 — VHICERE L, ZRVEORBZITI - 7o, BI19THE 3
A4, ZRBESERIN—TO 7 0 — vEORERRETE -7, £ LT, FLEL0
ATH, MARDEINCEEL, RI9TSE4H S, 9 BIMAZEERY 7 RBBEATHE
BRBRATTS - 7o, BEIKE LTIRIBEA Ny b (34x43x20cm) PICiIENNE LB+
2%, HEERIC NeP-K(13 : 8 :9) FEALERILEL 158//%y b Hifl L7z D&M Ui,
—WIILBEOR+ Ny ¥ CHERBRAETTIT - 7o BRINCwL A [4—V 4 FJ K
TRETEEEL, BhSA27A, 44 KAV F R CHHONBEETE -, BEABT
RAREIN L LDT, BHCREFEDRTHTE - A sbEbH - o0, BRE
LT 1HAAADEY Y 1,000 K4 #ERE Uiz, AEBRTHA LRI/ 0 — i Table-1
TRULELDD S BIRE 405 (A40) Ak%x, BIRAKLIE KU %2z 197 0~
VT, £/ 10— vOBIAER Table-l TRULBDEHEM L, BFROBPER, BE
B1EBXICHL A ABTRY, FORBEAERA UL, 4, ZEVEORNITERN
KIS Tt 72,

Table-12, Detection of chlorophyllous and morphological variants in open
pollination progenies of HINOKI plus trees.

Clone | K K K [ ,A [A |4 N [N i KU [KS
NO F2 o1 07U2U3NIKS FI2K 4
Kind of variants 20 12| 18 25 27, ‘\ 10, 11 | 1|1

| | |

Cotyledon and primary o
leaves yellow

Primary leaves light O
green

Xantha \ O ;
Albino olo | !
Cotyledon light green ! \
and hypocotyl white ; 'e)
I
E

and pink

Obtuse leaves

Weeping leaves
Fused leaves ’ ; O O
Drooping primary leaves | | O ‘ ol | ) | O

Thicked and white ‘ o |
leaves X |

Numerous primary ! e
leaves Lo N }

| | | l O

Dwarf seedling l | O ] L } O
©)

O

Needle-like leaves O: Ol | L |
Three cotyledons OO O OO O 1 O O | O OL |

))& R

AT OEEGHTHERAMERKE, WICHBEREETEO &, REBTHER, RF
EHBEVRERBREDETNALNG, BIC, BRAXBERSPEEREB/EKL LD,
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WhWAERBEDOREIR LN,

RERBRICEFTATEBIUF AEICE / FHEEBD 7 o — VElA - VEFERAL
TERVEOKMM AR Tz, 2ORR, HE/ o~V T, HIBOEERBESNLIEY
DOHEETHET B EMS - Tt T1bb, CNEANTEERDLITH D,

(1) pEERIEHE (chlorophyl variant characters)

REDE, TEDPELES ZVIIEHRE (K3 O@BEREERE L~ o hicsi
380, FlZiE, AFH (albino), iR (light green), FHFM (xantha) 71 &,

(2) HrEERE®EIE (morphology variant characters)

EECEBEEOERKBRON, BIEEBNERIIZVLD, B/MLLTIEEAEER
LIEVH O, HEBRBERICENGD, KEBEL, £33 FCTVE3EDHEVERF
BOHELZ LD E,

(3) FEHOER

BEOTEI2KTDHEH, 3HOLDOBEVIIBELTNEHDILE,

197 0—vD/n—vRHIERZMETFHEERROMRE, s O0EREVASBEINT,
ZNCOERBEOHMEBE LI o — v EOFEE Table-12 IT/R LTz, TP
SERBEEEOLNS EONMBE LI, BEESBSTER L7720, HBEEENED
DT> DTHRA LI, T, BRIV OLOERFHEOKEEZ Photo.-2
R LT,

TNODORNT, BZORBHAEIE L, LrbBIEEN 4 DOERLE OB
KON THEN, bbb, 2213 A27 & Ol OFHBTRONKERELEELETH
5, INORIFEFBTHULTOEN, BELUTHE TS EABICHIITES, A2TTRS
NdDIE, FEIMAERESICHBROT, BELACEERTHN2VARCHEETS
(Photo.-20C), Ol THRENA DI, FEIERTHLEEDANERET, £ERE
HT2HABE»SERMDADEM LT % (Photo.-2D D, E), 3DHIZ NI TRS
NIEEREEETHS. RAROTEOHBIDOPRFT, b/ +HORELE LLHE,
BRI (R¥E) OY FHROMSHIPANENCEM L, £ANICEIALZHUOTMLRA
% (Photo.-20Q), HHD bDIF OIXFI2 TRONKERELRIKRT, MHEIED S M
B (PPER) T, BEiCHFAFRICID, BIREAH Lk IcE, #EARAL LT
% (Photo.-2@R), cNb 47 n—vEM, AEEEGAKKHRRERBRATIL 12, &
MASbEIEIC, 1,000 HE, BENHBIUORFRLE EHT Table-13 (TR L1,
HIMX OFREFRIIDPPEWVEABRONDS, 72, HIC FR BEKRLLHEAS LXK DR




"

WHRIZE L RV, IRICBFRIEFEERER E TN FNOE BILE FEREE H~7c (Table-14),
A27 BEERICE LTI 2 AR BRATE - 72, b L, CNDDOEREESE—HHE
EFICE - THXESNTWER O, ABXTRESMEREERS3 1 LI EELREL
TLBRTTHB, A2TICHETH A4 HE (XD REDKRIT, LINERNIEELE
MRETACEMTEN, T2, TNAT—LVLEEATOHBETH -2, LEd->T,
AT TR SN ERRLERBRI NS Fs2EARTH I Lo -7, &




Photo,-2 Various kind of variants which were detected in open and cross pollinated

Q

progenies of Hinoki, Chamaecyparis obtusa Endl., plus trees,

A - G : Chlorophyllous variants
A : Three cotyledons B : Albino C : Light green

cotyledon and light green primary leaves
D, E : Light green primary leaves

cotyledon and white (or pink) hypocotyl

H - Q : Morphological variants

H : Drooping primary leaves
J : Weeping leaves
L : Numerous primary leaves
O, P : Dwarfish seedling

R : White apical shoot (at two month after germinated)

7z, Ol THRIHBINAEREBIC DO THEBEHERENES
RONFAERBEBCELTIE, DR

i,

F : Light green

G : Xantha

I : Fused normal leaves

K : Thicked and white leaves

M, N : Needle like leaves
Q : Obtuse leaves

LaL, N1 & FI2 T

REYTRZFST, HodEzERERICX s TnE EE

Table-13. Seed weight, number of seeds sown and germination percentage after
selfing or reciplocal crossing of four plus trees which seemed to have
chlorophyllous and morphological variants,

Cross combination

1000 seeds weight

!

No. of seeds \

Mean rate of

(g) sown | germination (%)
A27 » self 1.89 200x 5 ‘ 4.30
O 1 -self 1.89 200 5 6.80
N 1 eself 1.99 200x 5 10.70
FJ2 »self .65 200x S 0.40
A27x0 1 1.97 200x 5 8.50
A27xXN 1 1.87 500 11.20
A2TxFJ2 1.99 900 ! 0.22
O 1xA27 1.95 200x 5 13.00
O 1xFJ2 1.93 200 5 5.50
N 1xA27 1.99 200x S 2.67
N 1xO 1 2.19 200% 5 4.67
N 1xFJ2 1.52 200 5 0.20
FJ2x0O'1 1.49 200x 5 0.50
FI2xA27 1.68 200 5 0.20
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Table-14, Segregation of the seedlings with yellowish or light green leaves after
selfing or reciprocal crossing between four plus trees,

Cross combination Reiteration Segregation ofﬂs»eedlmgs x2 for 3:1
Total Normal Abnormal
A27 - self 1 43 33 10 0. 0317+
{ 2 46 35 11 0. 0289%*
] Mean 89 68 21 ] 0. 0936*
O 1 .self ) 68 53 15 E 0.3136*
N 1.self | 107 92 15 % 6.8816
FJ 2 . self ] | 4 4 0 } —
A27%0 | 8 85 o | -
O 1xA27 ; ; 52 52 0 | —
FJ2xO 1 i ! 5 5 o —
O 1xFJ2 j L8 40 15 0.1514%
A27xFJ2 ] j 2 2 0 i —
FI2xA27 i | — — — ! —
|

*k % Nonsignificant at 1 and 5% level.

Zbh 5,

Wi, A27 & Ol N TN THH INCERREELEVBR—BEFICL > TR &
NTVEIRESDLERE LIz, ZOHE, A27x01 BLU 01xA27 DWThicd, C
NoDERBERAONE LT, LT, A2 & Ol TRONERZELER 20Z
R SEBEEFCL - THXEINTNBE T L85 -7, Fh, O1xFI2, FI2X01 048
FARBETII OIXFR2 0T 3 1 1 OSEBED Sfehs, FI2 0HEK & FI2x01 032
BRI OBRERBERDIE L, 2008BKRERDLY, COBEERZIVED
LZARYTH B,

NE =

MADERLECET2HRER, WHLABMETEE (LIN TS, TOEHITI
FXITHBHH, T, B, S, ERREOBHEELERICET S HD (Sorensen 1967,
K EE 1967b, 1972b, Donald 1972, Johnson and Critchfield 1945, H13f 1975, Franklin
1969b, Carlistle and Teich 1970) &, FREDIEAE, HFEIR (cone serotiny), &IEFIT
EOFIENERICET S b (Duffield and Williams 1963, Khalil 1974, KEE S 1974a,
Ohba 1972d, 1974b, Teich and Holst 1969, Teich 1970) 1T KBITX %,

205H, HBHEFD D& LT, Steinnhoff (1974) 12 Pinus monticola Dougl.,
DHREDBORBEICDOTHNTN S, £ LT, —HOMNILBILT P & p BBE5 LT
T, P/P & Plp Ok S3HREICLBY, FErE (p/p) D& SFREAITILSE I EZH
SIMC Lice F7o, KREE (1972a) EFE (1953) BAMITHHEMREEZRDIFY R
FOBEFHTETE -7 2LT, I FYRFRFHATESE ¢/ THY, i
BWEFRES LTS EEIR (R/R, R/, LB OKRBRICIEECEFHLMIC LT,
FBio, ARERBEO—-ETHET7rE/L, HADLELOEPTERDON T 5 M
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(Robertson et al, 1966, Smith et al. 1959), MK TENL DHLDOHENRLINT IV B,

Franklin (1969b) (3 Pinus taeda L. T, KFE (1971a, 1971c, 1972b, 1973) 32 & &
T h=Y T, ¥t Sorensen (1967, 1971b) 13 Pseudorsuga menziesii (Mirb.) Franco.
BELONT, ZNENH—FE e EERTHLTLEZPOLLII LTS, AKERTD
K20 & K12 O HRZBTHBORTT v E / SR &, /7, K12 03DR%ELT
WE ) ThHo-7ohs, KW TR SORFESRFAETHEHBE~L Y 7BEELTH
2o KEAHDIDENENDEBEWEHRT S ETICELL P -7, L L, Franklin
(1969b) i loblolly pine O TN E 2 ICDNTHIMIEE ATV, B, FEEHICH
BEIEZHO, RMBBA~C Yy 7 BTTFEIRREBEETSIHOM8HD, chiblBE-1%
A2 DBEEFICE > THEINTVBRZ EZPALLICLTVS, LIt - T, K20 &
KR2TRONZ2DD2A47TDTE /i38l4 DBEFILXEINTNE EEZL N5,

L/ FOERREBICBLUTRAENBRELCVI2DHTHEH, KEBHERE (Table-
14), A27 & Ol THRHONK 2 ODHORGHREBOELEELZASMNCT I ENBTET,
ARz &k, AF (RE 1967b, 1971a, Ohba 1972d, 1974b) % <= v (Franklin 1969b)
THH|EIN TN B,

Wi, KERTHRBINLHERFHOEEIL Table-12 IWRLAXSIC8DTH -
too ZDOBEMRVTNETLPETIE L, LHL, KES (1973) OHMEIC LB ERF
Thd, RKARFRRE, Tvav 2+, MESEHIVBENELSEIEE (HBETEICE
ZHRE LTS, Bic, 3 VRFE (Cryptomeria japonica D. Don var. araucarioides
Henk. et Hochst. form spiralis Makino) OB LR E—BEBAETICE - THRTI &
A S IC Lins 7, Lotan (1967) 3 Pinus contorta DEEER (cone serotiny) T
>V, Franklin (1969b) % loblolly pine #:f§ CH &1 5 crinkly dwarf, pale droopy
cotyledons, fused cotyledons, singled cotyledon & 3 i3 dwarf 7z iz —EH+ =+
BAETHB I EEHOLMICLT S,

Jo— VRPN, BELISZn—rD5b, 107 0 — YT b pOEREHH
BT EMBPh-7c (2L, FEMBIKDODORKRN), chsDEEORIIE,
FEOENL, T BBV fused leaves 12 E DL D RHILBEETF, bR vAL

(drooping primary leaves), &/, FAEEBEEICL NSO (numerous primary
leaves) DX S ICAEMHIILED FEBEGFE~ToORETREL TR EMBSh-
2o BIC, AEALHCTECENTENDP - IRERDOEERXOER TSI L, MBS
COBERFERELTVDEBDEEZ S, LD ER, SBROKABELEDTNLS
ZIC, +HEBERTNEHETH 5,

BAIE TAETSLLEIBEFANEBREDETE

B8 YI4EISTE
1) AbEE (74 VTS L)

TAVHFAL A (isozyme) &3, E—HEBAKELEL, LrtRCEEHEREELE D4
VRIBDI LRI S GFHEEEDZ VI BED L L TH B (Markert and Mdller
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1959),
2RIV BRIN0RBEIBEBOT I /VBREFBRTF FEE& (—C—NH—) %17

(o)
ﬁw,Emﬁu&f%vﬁ%%d<ok%®fﬁéo%@~%k$ﬁﬁ-4ﬂh§—HN
0
—mﬁk-fﬁ?c&ﬁ?%,%@%¥§@1w~m“6&50%bfcnéwﬁyﬂaﬁ

u,g%,ﬁ%,%é%&aétbf,%;%E%&@&na%mwmwwﬁﬂﬁmiﬁ
AR LT A,

INEDEYNRIBEDH L, HEDEGBERTEELH X2 O0IED, ZhHAZE
fbd b &<, EENTHEFERAEZ LTS —HD 4 vy BAXEEE (enzyme) L E
%, BEOBEHEBREMONTVA X TH L0000 LI LA L TWna, chdbiRIBK
My 2REICESNT, ORILEIHR OEBER, ONKSEEERE @Y7 -+,
GORMHLEEER, ORABED 6 DIKAHEINTNS, B, thbOBERH3EEDL
AYPOFERIGICE L TOAMBRIEERT, CNEBEOEERHFEM (substrate speci-
ficity) &2, i@, BRI IEHOEDEEELT50, BHCbEEENIE
BRI 2 2P EOREARELT2EE6bH 5, CORABREBICESHT, chdo
BEIECEI S SBEINTV S,

BIC, 19554 Smithies I &k - TEB Y VEKKBENEA SN TR, BB
BBRLZ VNI HIKBTIMENRA LI T, £20ORE, B UAEHODRE UHERCHEIC
H-T, ARUKDEREEY, REREREZRTICILLOL T, bIMLIGE - S FEE
ZETHE—HOBMEL VI BERSEENGP T, T LT, TNOEOBEE VI E
BESHUREEDFOREZIDOLTLRENDIDEEICHSHLTL S, 2L H—F
DL L2 v IBEDC L4 Markert and Mdoller (1959) 3 EAIEEE (isozyme) FIEA
2o THROEDTAY A LRBMBEEPHERMEIEUOXLOC, 2V BORENEERETD
-T, BELTHWAERER, ¥ibba—~FLTWS3 DNASZFDSH1Dh2DDX
JUAF FOANEZTHIET ST 3 /BAER L EDICHECEEELE & O T H
5, LbTNoDTA VYA L, BEO FEERFERIC2RCAERLIZSDTIRI
, ZORTHEOERI TN TEETOXRAEZI TVEDOTHE, MERIHEED
STVBEHIHMTHY, HEPEENEIEEBRRORVEETHL LRI MbN
TWd, COXSKCHANREKCRENSEELBIIT SO C LT DNA 2&EICEHEAR
INB 2V BICIBOBRET, BEF VS 7BDEENERICZ0TET HTIT T
%,

—F, BEFOMLENREZTA+ ) KKK (DNA) THd, BT+ ) K~
REVHHE (S) &V v P) »oKSFHROEMI —P—S—P—S—P— L»HED
BATEAEZLAELDTHY, BELFAF VY A—RADRZLTF=v(A), 731 (D),
Fr=v (G), BXUVI Y (C) O420EEDH> bLFdh 1l 20EEBENEFN
Db DTHD, CO4DDERE A, T, G, C DHMAEDLENNDWYW B EEHER
T, ZNH4DDEHEDI LI DDEESMAAEDLE S T1I 207 3/ BOEFINEF I T
¥E5DTHbB, 2o, BAND DNA OFEDHEEFERIT ) XKR, T80 vy Py —
RNA (m-RNA) QY F—2ZFESLLTTF=v (A), w730 (U), 77=v (O),
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BEUOY Yy (O DADDEHEDI B IDOEEEZME L TERFNOERBEE X
3, BEERLHEE Lz m-RNA GHIRRES D S100 & )R —L1KBD, CCTE
TEUYNITEEBRD O DEERF VX7 BEERT S, £ LT, BB Y B (t-RNA)
K-> TEINTE- BT/ BRICNSOBELZENE LU TESTREALE V%V E
PR TEDTH 5, :

BB T VERKBERBAINTLS, TAVFALCETIHEEIELOREEL LY
7oo € LTI, I TOREE b LI LTEHEALFEESA (UB) OAMEGEE
B& (CBN) 3« OBRIIH LT T 20O58ETE - 7o (R « &/ 1967), £ LT,
TUVBIKBELRETHA 277 7{banicBFE4Ld TUB-CBN OEDBRSEES
(ECES) I ->TRBINTVE, KERTHEH LILBREB/ —FFv4~€THY,
ZOBEDSEESL ECe1+11-17 T% 3 (Endo 1973),

BEDT 4V ¥4 L0 ROHEALRMARI, @2 v/ HOHE, v72=9v O
%, OBECEE LTV AHEETFEEARI DV TOME, OFBRBETFLERETIE
HLBEEHTTE, QORBFELHEISICDOWNTOER, EFHIE, ©F v 7 BDRE
BREECHBSENRECE T ZHE, £ L TOEET Vv~V TOELIC DN TORIRLE
THd (B 1973b),

T, ERICERAINIBEOEELH L, IBHEHbEe POy F3 ORI
(Brinster 1973,, Chapman 1971), v a3 W ¥ awoNzig X OEG$H (Birley and Barnes
1973, Pipkin and Hewitt 1972), B¥2 A% (Gregory et al. 1971, & 1973a,
1973b) L EFICB LA TS,

UL, MBI 1277 7EMIGRAEANICOREENH L, 19604 Schwartze 23
by Ewmay (Zea mays L) DT RF T —€« T4 V¥4 L%50~ Est-1 BEA TR
BEFILE-TEREINTOENYIFBBELEERELLOBBIVTH S, 20K,
FwEO Y, 2LFE, A4, FNAREDIELFEYD, €43 TTHFERED 244
HEYICIBRE RN, BICEBEFOSFTELOREBA ST a7 (Shaw 1969, Shannon
1968, Scandalios 1969, Whitt 1967), Z DR, T4V F L & « NV FOBEEEFVAD
ADOEIDEERERNS LT ENEFSHICINT GERE 1974), 72, —HF TRABBL %
& Lo BSIE, REFHTRL ERENH LOSHOMESTEbL>DH 5
(Efron 1971, Gupta and Stebbins 1969, Chen et al. 1970, Hirano 1975, Steword
1965, Scandalios 1964, FFRY 1969, Bl « L& 1973),

KEMEHTH AMREEBTBEBEOC D HROLZASE UCEL, shomiElEsIA
KTHBH, BEBHEFEMNTIENE LLERL T, LaLEMNS, EFEF41Es 77
BEOBAK Y - T, BEZEOWY (Hirano 1975, L 1975, 1976), {HAD/Y FOD
BT D ENEEENDIZE (Mikshe 1976, Sakai et al. 1971, Bartels 1971, Feret
and Stairs 1971, Sakai and Miyazaki 1972, Bergman 1974, #b « it 1971) 72 & 0397
b, BrOREEBIH TS,

2) RERTHW-ESKEN®

19384F Tiselius NEIKAKBEELZR O TMEL » 7 DK TIHFEREZETLR, ©
ANADHBETCOFESERINEDI., 20BNV T LEBRBMA Sh, FBED
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BEBEN - TEl, BAEBADHFENAOONTV S, BEHEBENTARNT S L,
KEX, BER, BERO3FRA N5, F/7, 2OX/KE LTI, #E BY, =
K BYTIZYWVNTIF, 00— T 75— MEBEMEDN TS (RE 1974, &
RS 1972)o RERTHOIFERZ KERBR S VESKEET, Endo (1966, 1973)
% Scandalios (1969) DFEEAREARL LT, ZHREFOEERMZ I FEK Lizdi-
72, ERFEEDO—RITWICTRLIcEBDTH B,
(1) BRI HBREE

(a) EEE, ETERRERE 0~1,000V, 0~80mA 14

(b) HESEBAEHM (F240 X 40 X 200mm) 28

©) KBASFVEE (H—4) (AE6X20X200mm  12{8

(@ FrgliER (D —f)  (F%6X21x200mm) 118

(e) BEBLUKFEGMAI v » & — B2H

) #w e k& — (729 uigtisk) 1 {8

(8) BBH/ v b (F+xH) 6 &

) H$53v5 9 FETLIE %30 % 200cm

(i) b=—w o5 _F 1%

@ #HF - % BE
2) & ®»

BT VESKEHERT EHT 3 BRI TICINKMEI N OB THRISA TN S
GRE RN, RERZEEKK), LA LCNRAMCHERT, EROERETRLIC
BRBEETH 5, AERTRWEINTOB LA & 2 B (L2, FdLE TEKK.)
ENUKSE LIz b DA G Lice MKSBOIDOME, BREMEZ0 HFREICONTE
e

HHREBR)
N4y a BB (B%¥A, FEHMiE TEKK) 1,000g
Ty 1, 300ml
BiE® (35%) 10ml
TT7F e n— bARE 11H
3,000mle — A — 28
W®HE (No. 50, HAEMPKK:, 777 « o— rOOBKICEB) 2#

(A3 EOFE)

(a) 3,000ml &——iZNL 4> 3B 1,0008, T 990ml ZANYT VS5,
7, TN IBEOIEC A N—F B, (b) ERIC (5120.2)°Cit+ » b SN tEEKiiC_F
L@DE—-H—EANEEL, 4BHKELUMNET 2, () EREKEIcANEETOR
BTYHS V79 FETMIBEED U, BIER 10ml 22, #5XBETH 0.5~1 &
L, B N—F3, (d) 20T TORETERIC 90 SRIME LIBT3, (o)
ERAMPOE—A—2ROML, 20LEK (Tt Y, BEROEBAK) 2&HricE
T3, (f) 1,000m! OEBKEMZEBEL, 50 UDEEABEINTHE T 7+ o~
PRI LRSIEB L, 3lakx 3,000ml OEMKCHBT 2, (8) b53—oDE—%
—ICT77F0— FAOEBEB L, 2,500m] OEBKEMNI TEE LY 1 BSOS
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T3, (h) LBEAGHENICETT, 5 UDEERSEIMNTNSET 75 n— b TRSI
RT3, () RBIBKkb-75, FIC 300ml D7+ b yA2#IICESECRIIERT
%, () WEEBNTERICKD - BRI ERK (60x60cm, RAERE, No. 50) CH—
WKILBESIIES, BET—BRE®REEDS, K HRLULCEBIEZIOORVLIK
Ay va (No 40) IKEBT, HREN LBBREBKCIEELMEITBDERITD
W, BEAUHBEEATREL, BB LUTMYOHTLIICT S,
(3) BBy vOFHEK
WA VEBRIRERFICOVTIEET .
(2) 2,000ml QJET 7 2 21T ks E#EE 608, SUREER (@FBR) 0ml &
KUK 450ml 2mA K #BHTE, (b)) Li(@D 7 FRa% 80°C REFICAN
R LN X CEHETZ, H3~473135 LT, EBPELOHOIMBE - 2%
XEEEHIOMRMMEAT S, () BETMS 772 a2 L, EHICY v H—TRE
LELIKEER . (D) YLVEHL, ohlbr=—nTF—TTEEHU, K/
77 4 VEESTEL, BHLEBRBERRCD LT DR LAAS DL HICIT B L5 ICHE
T3, REEFH UKD - L oEIFICKIEL T IBALBNIIEREL, TP LK
T 5B, (&) SlcZhbBEKRbO- oo MHIZ DT TEFEOS VERBZIE, EL
ZUCERORET—HRKE LBERFERT 2,
(4) BEHEEBEROFR
BERRCIERREANEERO2EES 205, KEBRTHEA LORERRTH S,
AERTHE - BER'T, KBRS VEELGACHAOT S VREER (gel buffer), ¥k
FhicERT 5 7Y v VRBREWR (bridge buffer) BL U Y FRERICERTS Y X
EeEREE W (Tris buffer) O 3BHETH %, TN o OB OVTET,
(a) ¥ VABER
KERILF + Y ¥ 4 (NaOH) 2.1g, v (H;BO;) 18.0g <7 M/K%EMA T 1,000ml
43,
() 7 v VRBEK
NaOH3.4g, H;BO,18.5g {C#&M/KEMA T 1,000ml iC 3 3,
(c) MY AEEREEIK
FYR (eFafowAFu) 73744y 12.1g, KE# (CH,COOH) 13.0ml i
#EEKEMAZ T 1,000ml i3 3,
(5) kBB LUHEHE
N_FF L — FBERZEARE UTLENZZ 7+ 3 — v (Guaiacol), vo o —n
(Pyrogallol) X EMFEAIN T, L LEEREELTERERETERVELD
T EBR N YV v (Benzidin Acetate) ® A4 b « 7= Y (O-Dianisidine) 73
Ao, LaL, CNORBEH VY EHEOBNRESZE O HIBHMS, BETIET 3
/¢« By — 0 (3-amino-9-ethylcarbazole) MfERIN TN B, kEF V12K DY
BEOIEVDE, BLUZOFEZLTOEEDTH S,
(&) 73/« Hwsvy—i (3-amino-9-ethylcarbazole)  126mg
(b) X~—4& —+ F+ 7 } - (B-Naphthol) 86.4mg
(¢) 7% kv (Acetone) 30.0ml
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(d) * YR sy 75 (Tris buffer) - @R 30.0ml

(e) BERILAKRK (H:02, 3%) 2.0ml

(f) ThSICEBKEMAZT2AK%E 300ml ICHET 3,
5°Clic2 y FANIHBEOH TEEE 350V TR 2 BHB30DXEETE . BXNVDOE
B4 H—IC 4 3% B. P. B. (Bromophenol Blue) &35 R CTHE L, KE%H&
Dot VRS (12R) BEMEHLOROB L, BEKSVABNDOY VEENEORED
Lesd (BRBASLSEREAENL 0.5cm O E) TREVNBS  vh v 2 —THHL, &
PPN XIS ICEEBLREBL S ER DB LS VEIBRASANCET, £ LT, KEH
TICHE LT v O A2 Di-bicfES,

LR3I BEBRILKFEK (HO,) AMABVRETEMLTE S, REOERIC HO,
2.0ml AmZ XS EFBELER Ny PROTF NV ERELICE S, YAV BBEEICHBKICE -
EROE TN IBETEEY, FOEZTORET—BRKET %5, BR, Efisy PROY
WNEF VNS —TRIIEZ, KEBEKTI~4E®RET S, ks v ED,vF
W3R (FAR) KT ->THd, CNLDTF VR ENWVIKENTEREEZHED, KO
THBEECZR T v FLTHEL,

BIH E/FORBEEBCEBIBZZAVEAL NV FOBE

MARIAELEEDTHD, TOEBRAMRBERCED, COXI MRy 1=2s 57
EEIGHT2EA, BICRE - RENBESEZE 0L LM - TEBSEND B, EE,
HRAKDFELEZ PORAREI T T A VWAL o 2 —BREDEHICEL, HFCHDOEE
FBULKISE ~VERTEDLREDPICDOTHERONIZMERIBEAEADIZSLN,

KEBRTIE, E/FON—FFIE—® e TAVFL L « NV FDBEFHFETES
BIREE LT, MEORETRBECLICTAVF AL « %2 — v OBELEFE R, BE LI
2 —VERTREBRE S 2OBPEALPITIENT, COHERETE -7,

1) BEE LUFE

HEMEHL, Fryave EREERAB L SOATRE B O HEEEZRA W, I18b
B, 19724E 4 F, WMAZBEETHEEEARATERARMICERIN T I RELD S
vave (NO) 2RHEL, XBELTHE2S (822) OEBERAVATIREATE -
7zo RAEIOBMAEEL, Z UCERPMAERT A0, —BIZI9724E128 220, H¥E
HEMOBRZATEEL, BVOBTRBEIIBE L ATAFATERE L, WTIho
ALBEIRICEEBEM vy b (25x35x10cm) iCmEiiisE Licibt+E2 o0, BERIICI
Ny PMD NPK (5:4:3) BAMK 9.58 2B L, KMFHEE «- BERUICEEDRE
ZHOKRIIKME 25°C IKi83 X H1C+Ey b LI,

4 AR OTHEL, BEARZRAEBTREZBE L, ATEENICKEIRELBED D
NBETESZ, IATHETTRICERT I~BDORERAT —VARUEBRMRATR L
t2o T, REOEAUERZABED FHEEHT Stage 9 & L7z, REEFER L 920
RERT—VIERDEBDTH 5,

Stage 1 : FEFH353E L hypocotyl #3# 1.5cm ¥z & %,
Stage 2 : hypocotyl 1T+ & 5 T B 5% 77 seed coat [TE - T3,



Stage 3 : cotyledon st U & &,

Stage 4 : primary leaves P34 U7- & &,

Stage 5 : primary leaves 234 |5, epicotyl 782 B3 X DT -7 & &,
Stage 6 : secondary leaves 254 Utz & &

Stage 7@ BREHM 120 BRB L7z & &,

Stage 8 : BFE{L 160 BB L1z & X,

Stage 9 BEEHN 280 8B B Lm & %,

FHEEEROMEEIT 3 MR E Ucds, g Stage 1 55T 2 TIREEMS T AR
TTAVYALHOBRBBEESIBELCERETH -2 /cdTH D, T/, Stage 3 5 9
ETR—EERTDE L,

MREBFAIE LTEDBAER V., ERBR T — VTR UAHBRERETLED %
T —20°C DR BIENICHRE Lz, AEBROBHR S~ F 4 —¥« TAVHF L L
T, KERAE —F « YVERIKEBEICK - 0o TREKNBEGHELSHORFRIIE
3%, Bl THS,

) #E %
B ORI I £ 4586 2 7 — v L OBIRE Fig-8 R U,

1

72 Dec. 22 73 Apl. 18
é Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
Stage ey Y v v —r T Y -r T T
!
el { — !
- 1 '
3 : I ——————— |
[
4 : e e— )
- !
5 : |
6 1 1
1 |
7 ] ]
t 1
8 ) »
H 1
v
i [

Fig,-8 The relationship between the material sampling times and nine
developmental stages.

AREBERTF—VEBLUTHERINIT AV F AL « Ny FRBHIKRTH -7, BEL
feenyFD5%, BBATROBHEOR ML /v FE2 a &L, UTFIEK b, ¢, -
E L, BBATEOGBEHEORM NV IE K LU, TRHELLEENSY FOE
DR/ K > THRIRWIC 6 DICR 4 Lic, ZD#RIT Fig-9 KRTEEVTH B, X
h, AW a 5 k ETOZ Y FORKMHAEL, A FACEEOARNE, 21T
PRRICEZERTF DT AV FA L« 9% — VAEBERICR L,
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INSDNRYFROTNGRAETHEZF I oedh, TLELETHIAB2 2 CEE
MICHELTWVWS, 373bH, a Ny FOHEIR a ANBREELDICHTNS a &z
FiT, b AMNBEZRERICLT b BEFICELUTIER k ZFOBEFE THRTHBOHIC
RBELTNWBEEEZEZOND,

b L]

TTTTIIIIIT 1 1 YT Il

O o0

Origin

i - - -4

[

1 2 3 4 5 6 7 8 9
Stages
Fig.-9 1~9 : diagrammatic peroxidase zymograms of NOXxSZ2 progenies in nine
stages which were examined during about one year after germination,
Left : whole bands which were detected throughout nine stages,
Right : expression of enzymatic activity.

Fig.-9 o O R LI, RBFRF—JOHEBEHEN SO (Stage 1, 2, 3) 12,
AR ENSY FBPETERE D -7, T a, b, ¢ Ny FREBEBENEL ED -7,
UL, BEHEOBWEBMO/ v e, f, g OBRIIERHE, I Stage 2, 30
e NY FREENRE» -7, £/, a, i BXY j /N Fid Stage 1 2»5 Stage 32 TH
HHNId ST, Stage 4, 5, 6, 7T Tix e, f, g Oy FHEHZEEL, b, ¢, d ®
BNYIEOERELBDEZ > T AL D >, BERAITRFHLIC h NV FBHE
L7, Stage 8 Tid ¢, d NV FOFEURDPDE L 72 b NY FOFEHOHANES
Ntco FRFSMLIT a NUFBHEL, g h, | Ny FRERBETELEL T, B
EEBH280 BB L, EEKIERICE 7 Stage 9 TRAKWICEESEZY, b, d,
e NVFRDPRVBEEL TR BT EWG Pt £@XF~YDSHE, Stage 1, 3, 5, B
FUIDTAVYHF AL « X2 — VDY T 7% Fig.-10 IR Ui,

NBEENICER DL 9 DDRT VR ELAT, ZDOT AV HFA 4L« 88— DEAL
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- O

f
il
Stage 1

Stage 7

Stage 3

—

Stage 9
Detection of peroxidase isozyme bands with the developmental stages
1, 3, 5, 7 and 9 during about one year after germination,

The letters of a—k showed the each band.

O. :origin, + :anode, — :cathode

Stage 5

Fig.-10

ZREARIER BRBRTFT—VRIBBENVFOBEREEHROEBRND S &80
fzo LBL, BBRTF—INEH, ERKEPICGELLE SR IFEERTE-ThZ

DORIPOEENVEF (HZ21E d e XY FRE) BEBEHEZELTLEEVIRBLEE
2o

NE K

BE—EBERDT AV F AL« 2~ VYRIBERREPRERT —VTEMAT S &0
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ShTHh, chdOBRZ 1 EEERE TLE LTI T3 (Efron 1971,
1969, Gupta and Stebbins 1969, Chen et al. 1970, Hirano 1975, BE&(l » (4% 1973,
Steward 1965, Scandalios 1964).

Scandalios (1964) (3 b= o a2 VO, ¥, BHWF (young ear), F(corn silk),
B (husk), 4B, BBLUEDN—F F v £~ LR ELETA4EOBERICT DT, Hirano
(1975) 27 7 (Morus spp.) OME3 BEOES, BN, * BRBIUERO -z
FUL—RIZONT, Eig, Bl B (1973) BKBRE T8 FE] 0% 1 - 1 B
BIUE IEBPOMEMALE 2D BE, BLUBEIETHRE L BEEED RSB O
N FF L= e TAY YA Lo 2~ VDEAETN, ZNENHFEICI > TE —
YISBLTOES CEEPFS M LTV S,

BT, Chen et al. (1970) 124 = 3 (Xanthium pennsylvanicum) DEDNANAH
BREATF —VELLL, N—FFVE—ED, TATF 7 —ERELPTHURORRICD
T, Price and Stebbins (1971) 13:k3E 0D 1 5hFE Hordeum vulgare var. Bonus D%}
EECREBOERE R (calcaroides) S EHE (awned) O 2HOH 1 EP OB 8L
TE oA LE (flag leaf) O/¥—F F ¥ £ —LIDONT, FRENRBHTOEETH
TW5b, LT, RBMEBEDICONT, 2oy FOF®RREBAL, ZELTK
B EEXFPELSLICL TS,

HARD X SICEFTHEHOBWKEEFEBDT AV A 4« 28 —VvEIFHE DL,
RERT—VDBWCIEZRELZTIHDENHIEEAOND, FHHE(LICOOT
12, Park (1972) 237 H <Y, Perry (1971) 75 red maple, ST (1976) SR FiIT D0
THN, ZRNEFNEERICREESREET, TAVFA L« 2 —-VOEESL LA
NBEBRRTNB,

RERT —JICHERIT AV HFA Lo NV FOBEECET A%, Barnett and Nay-
lor (1969) #% Pinus palustris Mill. T, %7z, Conkle (1971b) 55 knobcone pine
(Pinus attenuata Lemm.) [ DOWTEHE L THWBDHTH 5, HiC Conkle 13 H3H 1A,
ABEREOENICESORINORERTF —IT, = F YV F—CEELETS DOER
DT AV FAL L 98 —VDENNETRT D, £LTHRBEAT —VYBEQICDONT, /v
4~ HEMOBRBE LT B EEPLLIZL TN S,

KEBRTREHOEMMSFI TR, HEMBSRICHIBIN ), EERMOZLE
ARECHNBCENTERE DT, LHLEMS, LROEREZI—FHL, RIFLS
BEELRICELILNEQOLEBHPE O Stage 1~7 FTOEBEPMICBT 3,92 — VIIRE
ETHY, THERICSEMABR SN, LrL, ERAILHOREEERE (Stage 8, 9)
TO 2 —vRELEEOERBAHD SN, NSy F blEbBEAAd BLY e XED
BENY FREELTL B EBTP T LEM-T, 1EEHETH->Td, ERIKE
EBCESRELZROLE, 25D BOEENY FILK-T, BEFAFTHHEHREL
EZiohd,

EIH N—FFLH—F - TAVUY S LOBEFHI

AYORTIELENREDS L, BI2UETRLHO HOBBERENAOTEINS
BoE, ENOoRTNTHEENMHEELTEV LTSN 5, $c, HEREMEETDH



NERIIEIVEERTHBERAICEITNBZCERZVIETHRE,
CNFETORCEEFNMREES UTEEN, #EN, (ZNEETEKETS 0
BEMoTee LBLEDES, Y4277 7ECEINE, EBEFBICAET 3 NIEETF
VRWVETROD T THEEZEZ BT LM TED, T, ERHBELTEHLDTOED
HEARHEMEBR P OBRESEFERTACETHNTARTHEZ T E, LrbZzoEKRIEN
NSHBNASTHE2 LR EOHAIOBHNRFEELEZION S,
AEBRTRHEMBICET AHAEO—BELT, £/ FHEEH /7 o—VvEOXRILXYD, £
DRERKRONZE—FF VX~ e TAVHFA LNV FILDOTERBED SN, L
LEBENBROEENY FEELZ, 200N Y FBEFHBICEDIICRETILEL
IBEF AT ERA

1) BRELUFE

FEBRHMEE LTER L e/ $id, WHREERTHMEBEERO 7 o — VEREICHETE
INTOEIREER I/ -V EZOFHBETH S, 1974F 4 A LA, v/ $KHHI37 0~
VHDRELAT VNI a R BTl T, AL/ e—Vvid2EDLEDTH D, T
bbb, M 45, ERISE, KBS, FHNE2E, Frave, HEIZE, HE208,
BE2S, BR275, BE 15, hEIS, k775, FNE 35,

E4E108 the], Wi, FI19T5FE 4 A L), WMNKEBRZERS 7 AREZRNTHAED
HENCHERE Ui, BERRBBEA Ny b (34x43%x20cm) WITENE LB 1% 2,
EHERC NPK (13:8:9) #HALRERE 15g//vy P AL D THE, HBRER
154D 200 DFFEEEL, 1%y PARITIONE T2, BEIZZOZ 3T OWET 147
BHiLfz, L L, RYBRELUICEDL-2D, HEELUTHHFERARPTHIELLD, $12
RRICEOBEE LI SOMRMEYRE U, 2ORE, HA4808ICK - TRRBKMSED
720, $HTLDBOFRUIBOINLE L7 dDDH - oo BI9T64E 3 Brhf], LMK
FRPBHEHERENOWEMIC T X TOBEL AT LIV« J0XDMTB LIz, 7202
0—YiRRDEBVTHB, $Rbb, #4455 (K4, EHEIE (KI8), KB5S (A
25), FME 25 (U2), 7v=ove (NO), EE2% (F2), #E 15 (01),

HEERIEIICE ULI9766E11H 4], §iit37 o—vd—FF v 8 —+F« T4V H4
Lo NYFEHENI, TR0, BENALAIER (F) B3XUHEK (P) »omikiE
(BEE) 28BRL, Abtyh—0OhT ~20°C KEBZERBO B U TEREGTE - 7o

FAES 7 7EREIKER, FER, ERO3IFRCKINTE22, AERBRTEE
BishEpE (1973, 1974) % Scandalios (1969) MEPIC Lizhi-te, Tibb, KFE
REBR T VERIKBFRT, XEEREIIWKGE LI BENRZOER Y VvER W, R
R ER SO EIRIER 0.38 2EDAMKTTVOEL, 20 LBKAER (6x9mm, H
# No. 50) ICRBEZI R BOEKERATSy VRICHEA Lic, k8id 5°Cict o 3Nk BF
BEDHOTITIE 2o T kBERIZ 350V T 2305 & L, BBEHELE—ICT
%7:% B. P. B (Bromophenol blue) BELZBNTHEE L, AERTHEA LS VE
BB, 7V v VARER ) AREROBESIO N N—AF VL~ - T4V HF 14
NY FOREBHERIE4FE, FIH, 2) TR EBYTHS, EEEKEO Y FOb
THRBVEBRBTES X5ICT 3D REABB 7 VERFINC 24 LB OkES
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RTERETE - Tco WBAR P THEA LIcBEFEEREREEREEES (IUB)
DEALEASZEFES (CBN : Comprehensive Biochemistry Enzyme Nomenclature) i
EoTHED SN FEICE Lz (Endo 1973, ZEiE 1974),

)% =B

FEL 70 —rDIBN—FF o —F e TAVFA L « NV FODTREHEEZDT

DICRICT BNV FBHD, T 5 DRTHERNEESG

L dARMICZDENE

RBICHBINTExBE NV FBREEALE 0 & ULIEAOEEA Rf 36—41 ofic BT
R EMEERsN, FOERANIT Fig-11IRTEBVTH 2, BERN»LH4B LD

+

T

—

0.
e "
Phenotypes F F-S S
Genotypes F/F F/S S/S

Fig.-11 Schematic illustration of F, F-S and
S peroxidase isozyme bands and
their genotypes observed in Hinoki,
Chamaecyparis obtusa Endl,

F : fast migrated band
S : slow migrated band
F-S : fast and slow migrated bands

i, ZOBHBEBENLDOLEENLD, BX
V2Dl DSV ¥EF- TS 3 DOEM
HBEMPLPEE T,

NG 2RD/NNY FE, BEIEOEREICK
> TE#FNEFN S (slow migration) BXU F
(fast migration) & Uiz, AREERTHEAL

fc47v—v03b, FME2S (U2)
F FoNvEa, 1AR255 (A25) 13 S N
KA, #4555 (K4) SEFEISE (KI18) i
F&SOLRDNY FEZNThE-> TH
oo WE NS 2ERKD F, S5V FhE—E&
EFECHD, Lrd& L2 DO EER
T (FBXU SNV FEXETI2HILEETF
FHEETFEEST P.F BLXU PSS EEDLT )
K-> TXEINTHWEETHE, U2 & A
BRI zhEhtEEARLEEZI LN, Thb
DO/EFRI P,7/P,", BXU P,S/PS &
EbaNb, K4 EKIBRZ~TuHEAK
LEZ o PF/PS LEbinb, £/
—VEFBIXU SNV FBIUBETFRLE
DOERIT Table-15 IKRTEBYTH B,

BATCRONIF, SBXUF &S (FS

O : origin EHRED) NV FOBEELZRE TS D,
Table-15 Phenotype and genotype in four parental trees
Clone Phenotype Genotype
K 4 (Kanzaki 4) F,S P,F[P,S
K18 (Kunisaki 18) 1N PiF/P,S
A25 (Aira 25) S | PS/PS
U 2 (Uwajima 2) F P, F/PF




85

U2, A25, K4, K18 04 /7 o —YRDELF AT L 7 uXTEHLNITFHEL B,
NSOV FOBEELH . FHAE5OEE D OFAEMIKEIL Table-16 IR L7
EBVTLETA2ERTH B,

Table-16 Number of progenies for peroxidase isozyme analysis
Clone 5 | K4 | Ki8 A2S U2 Total
K 4 39 ‘ 20 21 | 26 106
K18 28 39 30 20 117
A25 26 20 21 28 95
U 2 22 20 21 31 94
Total 115 99 93 105 412

29, 470 —VORABFRBICONT, FNYE, SNV FBED FoS v FERE
AR ERELZ M~/  LERD X S KRA—BETEICH 3 2 DONIERTF P.Y
BEUPSWKEoTFNY vE SHNYFBENENXEIN TV L3, BHADHE
(BB ps P,F/P,F & PS/PS T2 U2 EA25 DRMTFHEHI 2 h ZFhd~T PF/P,F
ML P,S/PS Btz 339 ThHb, i, BIzTRM P,F/P,S ThHs Kb £ K18 0
BFHEE TR PA/P,Y B PF/PS B PS/PS RN 10201 WKHBELTL B
29T, ZDEEBEREI Table-17 1€, %72 K4 OHBTHBCHONAZE Y MR
Photo.-3 7R Lic, £, BETHBFEHAAKTH S U2 & A5 3T ~ThreELK
PF/PF & PS/PS ThHote, Tl
T aiESK (P.F/P.S) ©h % K4 L K18
DHBEFUHEHOSHEEN (1121 1)
XN BHhAERME (XD FE2hThl.30
£ 1.08T, z0E#E (P) 120.50—0.60
& 0.60—0.70 %R LERME & B —K
LT3 T ERDo T,

RICHBER ZBRWD 121203 ~TOHEH
AbRICONTEDOEEMEZRE U,
FOFERIT Table-18 It;xR L&D
T, PA/PSXPF/PS OMHLhE
Tt P,7/P,F® : P,F/P,SH : P,S/P,S
HOMR/EICHT T 5 4 4 HFEME (XD 13,
WIS EIIME & HRES R —F UE
ROBEL L 0 2 0 11K - TR EMBahd, BNMEEZR LI KI8xK4 OffAEh+
TZOWRP) 1Z 0.30—0.50 TH -7z, £, P /PSXPS/PSR, 31 P,S/PS
X PP BOMAEGHLETS P,A/PSE  PS/PS BIOKMSIZIZ 1 0 1 Bk,
P F/PEXPS/P,S MBI UZDHD P,S/PSXPF/P,F BMOMAAEDLE TR T NT
P.F/P.S BTz AT &5 n -7 (Table-18),

HiT, Table-19 TR LI kDT P,F/PSxP,F/P,S, P,FP,SxP,S/PS(P,S/P,5x

+

B ST S S S S

Photo.-3 Segregation of F, S and E-S iso--
zyme bands in progenies after
self pollination of K4,

O : origin, + :anode



Table-17 Segegation of P,¥/P,F P, ¥/P,S and P,5/P,5 genotype progenies after self-pollination of four parental trees

Parental tree No. of Observed genotypes | Expected genotypes )

Parental tree genotype progenies | PF/p.F ]:;@pg‘;gs*@;?ﬁaﬁmpp pﬁfp}s/){}g;sjpgs*!\ ) Xy - ,,‘,“Ij *
K 4 PF/P,S j 39 7 20 12 9.75 19.50 9.75 : 1.30 0. 50-0. 60
K18 PF/PS | 39 10 23 6 9.75 19. 50 9.75 | 1.08 0.60-0.70

A25 P,S/PS | 21 21 21.00 | — —

U 2 PF/P.F 3] 31 31.00 3 — -

* Chi square analysis of observed and expected ratios demonstrated no significant deviation between the observed and
expected segregation pattern,
1 : Expected segregation ratios is as follows, 1:2:1 for P,F/P,SXP,F/P,S, 1:1 for P,F/PSXP,F/P (P, F/PSXPS/PS),
1:0 forP,¥/P,F x P, ¥ /P F(PS/PSXP,S/P,S),

Table-18 Segregation of P, F/P,F, P,F/P,S and P,S/P,S genotype progenies after cross pollination of four parental trees

Cross Parental tree } No. of Observed genotypes Expected genotypes | X1 | P
combination genotype | Progenies | pF/P,F P,F/PS PS)PS | PF/P,F PF/PS PS/PS | T |

K 4x KI8 PF/PSXP,F/P,S : 20 6 9 5 “ 5.00 10. 00 5.00 1 0.30 0. 80-0. 90
K 4x A25 P.F/PSXPS/P,S 1 21 11 10 ; 10. 50 10.50 | 0.05 0.80-0.90
K4xU?2 PF/PSXP.F/PF | 26 14 12 | 13.00 13.00 ; 0.15 0.60-0.75
K18x K 4 P.E/P,SX P,¥/P,S 28 | 5 17 6 7.00 14.00 7.00 1.36 0.30-0. 50
K18 x A2§ PF/PSXP,S/P,S 30 14 16 15.00 15.00 0.13 0.60-0.70
KI8xU 2 P,F/PSXPF /P, T 20 11 9 10. 00 10. 00 0.20 0.50-0.70
A25x K 4 P,S/PSx P, F/P,S 26 12 14 13.00 13.00 0.15 0.70-0. 80
A25 x K18 PS/PSx P, F/P,S 20 12 8 10. 00 10.00 0.80 0.30-0. 50
A25x U 2 P,S/PSX P, F/P,F 28 28 28. 00 — —
U 2xK 4 | PF/P,FxP,F/P,S 2 11 1 1100 1100 .00 . LO0
U 2xKl18 P, F/P,FxP,F/P,S 20 9 11 10.00 10. 00 ‘ 0.20 \ 0.60-0.70
U 2XA2S | P,F/PFxP,S/P,S 21 21 | 21,00 | — \ —

* Chi square analysis of observed and expected ratios demonstrated no significant deviation between the observed and
expected segregation pattern,

1 : Expected segregation ratios is as follows, 1:2:1 for P,Ff/P,SxX P, I'/P,S, 1:1 for P, F/PSX P, ¥/P.¥(PF/PSxPS/PS),
1:0 for P,F/P.FxP.F/PF(PS/PSXPS/PS),

98
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P,F/PS), P,T/PSXP,F/P,F(P,F/P,f X P,F/P,S) BLU Py /P," X P,5/PS(P,S/
PSXP,F/P,F) D4 >DEEFHESEHEFNCLETO HEEREBZTINTRE L7z,
ZOWE, SEBEFEEASLEINTOAAHEE (X)) BXUZzOMR (P) & 1.15
(0.60—0.70), 0.01(0.90—), 0.05(0.80—0.90) BLU—(—) =L, BRlEL ETbLD
TEL—%L, EBROEEMELNT EBFP5,

BAHASHEY D O FHBEERKIIZ O SO TIEEK, DO TER0EXRTHLT L
b—RTREM -1 TRBEREEEVAIBENEBDLN S Table-19 IR LICL D
CAKDEEFRMASDEITO N A HRREOERLS, FL DT 126 ik, 2
WHDOTOREKTHZH 5, REBREBEZFOENEERLLDEEZLONS,

DIEDRENLS, £/ FDN—FFVE B e TAYVFAL L« NV FOHRT RI=36—41
ORIBICHET 222DV F F& S BA—EETEICALET 52— OMILEELRT P’
E PSS ICE - TENEFNERINTOBLEBD DT LIci-T, F NV FERE
S ANV FDONThD I ARULE DI B8R U2 & A25 BTN b A EHEARKRT, #
EFReEcEb-E, FhTh P,S/PF BLU P,S/PS L13b, —F, F &S 2K
DNV FETRLEEAR K4 & KIS ~FuiEAET, wWIhd Pr PSS LRI
%, - 20BEEERITE /= —& (monomeric form) THB T ENHh -7,

NEE

~FOBEAKRTH EHRAROETILECET 2 EETHNT OWRILE 3 &, F2HiICB~N
72EBDT, BLDAADBNAVAREKBICOVTHREL TS0 Th, KE (1967,
1971a, 1973, 1974a) 12 R & (Cryptomeria japonica D. Don.) iZ DT, ¥z Franklin
(1969a, 1969b) i3 Loblolly pine (Pinus taeda L.) 12D\ T NN ML S ZT
B, CNSOEEFRBEOEILAELY, HB—SHEETFrEEEETHETLEHLLIT
LT3,

—F, A= 7EERAOMRERELE LTIy E 0 a v/ 2B ED 1EE TR
2EEERICEOTITROLNT X, TAYHF 4 LOERICET BHEIL 19604 i< Sch-
wartz i b wena v (Zea mays L) BMILDIRF 5 —E4FA~N, F, TOTNOME
KWHERONEM s FHE LNV F N BELZCEEELMICL, TONY FEERRE
% (hybrid enzyme) LIEA Y, £ LT, ¢® Est-1 B{rTid Ef, EY BXU ES D3
DOSIBETFHES LTI EERELLDOBBIT D TH S, T D, Schwartz

(1964a, 1964b, 1965) I, EL{ v EnavDxRy 7 —¥IcE LT Est-1~Est-4
FERTE T, F7-, Macdonald and Brewbaker (1972, 1974) 3 E#%iC Est-5~Est-10 %
TOERELDVTOEEFIIZITE - 72,

¥ 7z, Shahi et al. (1969) X Oriza sativa & O. perennis i» 5 AHKERA TRE
ATV EENY FORBEFHNETIL - TS, Bic, Chu (1967) 3, BEFSHOD
WMERABICINEADNNY FOFHEICEINTA 2 ORESCOMEZTIE - T 5,

—7%, #EE Miyazaki and Sakai (1969) R FHERRED 7 o~ yHORAEICEBNT
YA TS5 7EEGHALTLSE, RBESIFZES Rasmuson and Rudin (1971) ik - T
b, THEMEEEHIIELE L TRES (Sakai et al. 1971), KR4 (Sa-
kai and Miyazaki 1972), FEHufG%E (Bergmann 1972, 1973, Hans 1974, =k 1972)



Table-19

Segregation of all progenies in four genotype combinations

Parental tree
genotype

PyF | Py X PoF/ PyS

Pyl /PoS X PyS/ PSS

Py F/PSX PyF | PoF
(PpF/ PpF X PyF/ PS)

P,F[PFX P,/ PyS
(PsS/ P8 X PyF/ PoF)

|

|
{

|

No, of Observed genotypes Expected genotypes
| Proeeniss  [pF/P,F PF/PS PS/PS |PF/PF PF/PS PSPS|
126 28 69 29 31.50 63.00 31.50
97 49 48 48.50 48.50
88 45 43 44.00 44.00
\
49 49 i 49,00

X)?

0.01

0.05

0.60-0.70

0.90-

0. 80-0.90

* Chi square analysis of observed and expected ratios demonstrated no significant deviation between the observed and

expected segregation pattern,

t : Expected segregation ratios is as follows, 1:2:1 for P,F/P,Sx P, */PS, 1:1 for P,¥/PSXPF/P.F(PF/PSxP,S/PS),

1:1 for PJ,F/PEFXPzF/PxF(st/PzSXPJ:S/P:S)-
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HANIEMBLOETFOD 2 v/ BICEET 2815 (James and Naylor 1969, Bergmann
1972, Saito 1970, Durzan 1966) 30 A A DKETHON TS,

LdL, MRDT AV ¥ A LICHET Z2EBEFHNTNOMER, REDON IO TE
DHERS EhHTLRY, 2OFREDICDONTHR~S L, Feret and Stairs (1971) 23
v~ 7= v (Ulmus pumila L.), Lundknist(1974, 1975), Tigerstedt(1973), Bartels
(1971) %8 Picea abies K., Rudin and Rasmuson (1973) #3 Pinus silvestris L.,
Conkle (1971a) 3 Pinus attenuata Lemm. % |, C Feret (1972) 3 Ulmus pumila
L., U. rubra, U. pumilaxU. rubra, U. pumilax U. japonica 4D F1 x>
TENZENHEENY FOBETANERS TS, £, AORBEROERDS, —2+
E~EEIFTUHEL, TRARF F~+, LAP (Leucine amino opeptidase) %, ACP
(Acid phosphatase), ADH (Alcohol dehydrogenase) 73X X FXFTH3B,

ZORR, VTNLBEML A v T Ao ETR L, Btz 0B EHRET, R—E&ET
BTt DML B FHBAE L, AHROE >NV FERRKZDOFFIEAONEE, v —
I (monomeric forms) &, WHOFEO/NY FOEMiC, D LisY v F (hybrid
band) £43 54 4 v—& (dimeric form) D2 >DBEHRRE NS S LE ThTh
#HELTWS,

TAVHF AL LAOBEHRIET, PYEDI VDA X% - LR TT TN DHOFEOD
B EBMONTINE M, EFEE (1974) K& 3 & EBLIAC, 7 b 7 =— (tetramer)
2, NYFELTRIRUDPEL ZORECEFEZBEEHD, H20EA~N4 7Y »
FenRYFDHEEETEHDONRELETSDOHDH S ENREIN TN S,

KERTRE ) FD—FF Y E—F « TAYHF AL LDOBIEFHITERS D, ZORK
£ Rf 36—41 ORicE LB Ny FReE/ =—ROEEHERICLB NV FT, Lhbe/
FEEIIODOBEFHOI BTN 1 DIKEUT I EMGD -, TNETHER
NTELRERER 0TnbFlseHEART, BFERBHZH 311 LE55
B TULBERTACENTET, BiIK, CThhODEEREEERRAETIIEG UL g
TRAETBIEANILALTH B, T, ChoOHELERE LT L TIEARTESE
RICE-THoDPLDNTeDHAREZELTELAAENE S, LHLEMNS, /—F F
F—¥ + TAVHFALZBRERCHELTHYTHY, £/ v —HOBE M L BEFH
CEFBRIZED, WHWBE I FIF v+ (codominant) THY, Lhdk/FTRE
BEBSOTNLOBEFHAERF - TB, T, KAKOX I CHAEEFYTH->TH,
EHEOBOWEELEENVYFEELZ380E, EERKEHIKES 21, 2E4EAKT
LT AFHATES, LD -T, £/ FTRONKIDNY FIZ, WRKOEBRBEZENTH
R, BHEROHESD 2 VIEIKAROZTERRZT L OHEMEEHHE LT LT, AR
BETFERBVBLC ENG -1,

B4EW b/ FRERCESIZIARABEOHT

MR ORI TSR & EYEME S CARITE %, BEDBARROREL %
DEEZITHNTOEBHIEDES, BTERERZDIEZEAENRER (seed orchard) I
Bkl RROBEEERIEOLDTREV, T/, KWARRMEYT, BEFRI~F o
EHTHD, COLINTHAOEERATED X 5 10EETIEE (gene-flow) MHEZ -
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TOBDDPNERETHHEIZINTHIEN,

PHEATOETAEER, BHOMAEhEEE] (combining ability), fafE (ferti.
lity), &tk (compatibility) & %W IZFERKE (inbreeding) B EICL > TR ELER
END, KERTR, 2ORPOERZNE FCHREERNTOHREEROBREICDNT
MEAEITIE o 720 TNRHABRICE T 2EANRED 1 OTHD, 4%, WADEEN
BEEZEDLIIDICHBICHEEINSEIEHMETH 5.

CNETIITRONTELHRABEROMEEIZ, RAKPAIROGT OB % 55EEERIC
By 2 RmENKESTH D, i, Eih#/zT (marker gene) & LT, BHFH (albino)
(Squillace and Kraus 1968, KEES 1971c, Koski and Malmivaara 1974, Fowler
1965d), ###E (light green) (Sorensen 1973, KJE 1972b, Moffet 1956) L BAREK
(cone serotiny) (Teich 1970, Sittman and Tyson 1971, Lotan 1967) XX DB —45
HREFHELZANTTR I FEL, RERBREANE - TEFOTELSPHADERER
EDENVIO BMEELHTE T S (Franklin 1971a, 1971b, Coles and Fowler 1976,
Sorensen and Miles 1974, Sorensen 1971a) & ICkBITE 3,

7, BEMRAKOEABEZHHECBNTYF A€ 7 7EBRD AN WES O
Ltz XT3 (Tigerstedt 1973, Feret 1974, Sakai et al. 1971, 1972, Bergmann
1972, 1973, 1974, Park 1972, Sakai and Miyazaki 1972, Sakai and Park 1971, Ru-
din et al. 1974, Rasmuson and Rudin 1971), —F Tik% { DBFEIC DT, WANA
BT AVH L AMNBESLN, TOHORENY FOBEFANBITEDONDDHS, €D
R, »2HE Y FIHBRHERMIERERICE SO TS T &MWL hic L/ (Fe-
ret 1971, 1972, Lundkuist 1974, 1975, Bartels 1971, ks 3 1971, Conkle 1971b,
Rudin and Rasmuson 1973),

TAYHFA LOBREKRRCE, WAVABEDHZ T ENMONTNEBGERE 1974),
WM THRER, =/ <— (monomer) DIBAIIEEICBIZ Y FEKRERT, CC
THEEITN&C&IE, 6k AEREERESRERTEROBERMICOARON, L
b2 OEBBEGTRIE—-FHERTF (3:1) IKXE36DTH-7co ULHLEKS, £7T
D/ FEEICNLONY FHONWTNLELTBEHCEDL, Lrbl DY FROAF
o BEARMAERTHAROHBRATIR, SEELA Y FRICK ST 12 1 1 ETHENTS
CENTRERCETH B, LT, / <—HONY FRENETOFHELRFICK
ZELEKIC, H2VRBEZNLDLCERRESRBETFLE LTORBERTI TS T &M
o LR S

AKX TRINS 3 DDONY F(F, S BXY FS) 2EFE#HE LT KEOFEERLE Y
0—VEBBETEDEREHEIEC » TWEpEHFH~ T,

1) BB LUFE

AL TE 1 DORBEE 1 207 0 — Y EEBRERRELGRE Lic, 1 DERIBERAS
BHRRRE, ZEREETHS., ARBER T X THRORBET, MR Y OMER
BIZEETHD, REERNOK 7 0~ v & ZDEE & DOBFE%E Fig-12 KR Lk, #HEHZ
WTND T FEEBAL OB ONISE (BRIE) 2RV, 19764 3 A dhf), LEEROD
ZRROHMEL, BECLCEBRINTARZHTFHRBOHEL1 7 v — %D 20~30M
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R, &WT I EEP SRR Lz, B, 2hEi@Blic, a4 50HRSHFHE
4TERDOYELRIN Uiz, T/, BITE LB PE, BUXEERD 6 B, N2 8
hE2s, BRF15 BE1S ERk3s BIUHE1S0Z% <« OHRZH FHEL
5413 & 100 BA L OSEARR Ui,

bH5—o0RIF, MMAKZEZBHEHEERDE / + /70— VvEERATH S, 23
Jo—VERBEIB TV EDE—70—va 1HI0AELIEL, BEICEELADLET
2~3FIBHERINT NS, BF207 0 — VBEBEINTOEBREBRBEL, 709~V
KE-TRI~2ARULDPE>TORNbDEH 5, MEBIIIAFEETHE, ZNHD7 v —
YOhR LT 45 EFNE 2B OKEREN» SBER L ARZHFHEEE 4« 200 HE{& L
EPOHELARR L, 2HBEEABO o—vyOREEMFRITIZNEFh Fig.-13, Fig.-14
iR Lo

BB ULSEDL DThoBadEDIC —20°0C DR by H—DHITEEL, FRIY
B UTERITH U, EERIZ19764E6 A Lo 9ATAIETE, 197724 H TANS 6
B EAOMICIT - 120 BRI N—F F V4 —PRMBERTH S5, RIKNILERE
B FRAERBLIUCEARBBECOVTRELE, F1H [F1275 78] TR~ E
BUOTHD, LT, E4E, BIHTZOBREESHS»ICEINIL 3 DOBETRF/F,
F/S 8XU” S/S OREZEKRT &I~ AR, BBICHBE L&/ Y FOR Y
v FETIEV, BICEHEBFEETE - 1.

2))#E B

(1) P, & PSS, 2O0BETFHE p g ORE
EIFERASBRARE, ZEEERT X THROBMOKXZNENH ST LR L
N A RS E BT AV P By FRF T, B4, B I TERESY 72 RE 36—
41 ORI HE T2 P,5/P,T, P."/PS BXU P,S/P,S (#hE F/F, F/S BXU
S/S EBREE) D3I DOBMEFEICOVWTOHBEKEE BBEEEAFA N, FOHRRZ

Table-20 K/RL7cEBDTH 5B,

Table-20 Estimation of F- and S-gene frequency (p, ¢) from forty-nine mother tree
genotype frequencies at Nagasaki pref, Agri, Forest, Sta,

Genotypes FIF | FJS 5/S Total
Observed No. o 18 | 31| 4
| | \ 1 —0.1837
Observed Freq, | 0000 | 0.3673 | 0.6327 | 1.0000 s
| i
\ T g=0.8163
Expected Freq. | 0.0337 | 0.2999 | 0.6665 | 1.0000

Fit, choDBEFHEECESHT, CORBERTO F & S ©2o0BETFHEE
(ZNZFh p BEU g £93) 2RKdD1c, p & g ZARDZ7-2DORIITHEOEBD T
b5

p=FCF/F) +——f(F/S)

4=f(S/S) ~——fFIS)
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BarL,

P g FEEARO F 3L0 S #EZFHEET, prg=1

fF/F), f(F/S), f(S/S) RERANDOENMTHEEI WK F/F, F/SBXUY S/S3#&

EFH O L BRIERE

ERIcESNTRD I p ¢ DL p=0.1837, ¢=0.8163 TH -/, FiC, T O
BEAN CTEZCE (random mating) ROk L T2 E, COREELAKRILELONS
THED 3 DOBETHNOIHFEE IR 20 E4 0.0337, 0.2999 88X 0.6665 TH5b.

I, N ARZBZEMBER IR, £/ 7 0 — VEHEBR TORGTHEEIIp=0.2601,
q=0.7399 T -7 (Table-21), /v~y EFEETHZ7H, 207/ n—ryzhZThbs
2~3FNTHIRER ENTVE, b LEESESTEbIE, R THREINS F/F,
F/S BX0 S/S BrTFREEIRZNF4 0.0676, 0.3849 B XU 0.5475 L1253,

Table-21 Estimation of F- and S.gene frequency (p, ¢) from mother tree frequencies
at the clone stock garden at Expt, Forest, Kyushu Univ,

—

Genotypes L omFE | RS S/S | Total
Observed No, N T T E T 198

J ! i £="0.2601
Observed Freq. ! 0.0303  0.4596 ' 0.5105 | 1.0000

) q=0.7399

Expected Freq, ’ 0. 0676 ] 0.3849 | 0.5475 | 1.0000

(2) BRBEREZRD 3 o DHEER

HBELLE / FDNR~FF Vv E—F e TAVHF A Lo Xy FDOH B Rf=36—41 ORT
30DV FEBHBRT I EBTh -7, ChoDNY Fid—xto F S HiEEF
k> TXESN, BEFEETIR F/IF, F/S BXU S/S LERTE3, LEkh-T,
CNODNY FEFEBRERTE U THEREMET 284, IRETEEO0EBE TR
&, BAVIESARTORVIKE - TFROXHIRENFNEL - KEERNEZ S
ha,
@ BHEOBETHEN F/F Th 384

FEF=stpa-9 - s=LELIZE «qon)
@ BHOBETEN S/S THEEE
£(S/8)=S+q(1—S) g:-ﬂ%/%lx (100)

BL, EZLO, @DHE
0<p<1, 0<g<1 £ fF/F)>p, f(S/S)>q ORMEWR LTI THEE
RAWETH 5,
® BHOBEZFEYN F/S THEHE
a) F/F BETFRHEC LS80
FER =25+ Lpa-s o 5= =L oo)
BL, $>0 #2p5
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i) 0.5=p>0, 2f(F/F)—p>0 Licti>T p<0.5, f(F/F)>-L-

ii) 0.5~p<0, 20(F/F)=p<0 LIzt~ T p>0.5, fF/F)<--

b) S/S BEFHEECIZIEA

.f(S/S)==-%—§i* —-q(1=8)

BL, $>0 #Zho

©S= 2(S/8)—q % (100)

0.5—¢

i) 0.5-¢>0, 2/(S/$)—=g>0 Lizt$>T ¢<0.5, f(S/) >

ii) 0.5—¢<0, 2f(S/S)~¢<0 Ltz -»T ¢>01_KSAD<v%~

Fik, @S, ®RRO F/S BETHTHBORESEREBD f(F/S)=05 &1
T OESEEFERAVHEE, bbb a), b) EbLohd HEETRT, 08
ADOMEMINS T—HKT D, &L FF/SE0.5 OFlY, #NENODOEEDEET a)

/i b) KH-> THESAERTH S,

(5 OHHD

S BRAEME

pg  BERIIEI/ u—VvEBETO F 3L0 S OBEFHE, 0<p<l, 0<g¢l],
D+g=1

fF/IF), f(S/S) 1 F/F, F/S BLU S/S BIFREEBINENDLLEULLERZH
FHBhD F/F BXU S/S BFRFRBORBMEE,

® o]
1

O [ ]
? e}
[¢] [¢]
o o
lo) (o]
(0] o

Fig,-12 Arrangement map of forty nine

o

o

o

o

o

o

(¢]

®
h

o]

o

[ ]
7

mother trees in Nagasaki pref, Agri.
Forest. Sta. seed orchard. Black cir-
cles indicated the position of seven
experimented mother trees, The na-

mes and genotypes of these trees
1 : Minami-takaki 3

are as follows ;
(S/S), 2 :Isahaya 1(S/S), 3: Naga-
saki 1(F/S), 4 : Kanzaki 4(F/S), 5 :

Yamada 2(F/S), 6 :0Onga I(F/S),

7:0gi 1(F/S).

HEEHEERRI ELOEBVTH S, L
»L, EEETIBETREE FF/F),
f(S/S) LK TOBEETFHEE p ¢ £D
MTEKRH B0, FNOOEEEEBRE
LIBONEHETIARATETH S,

(3) BREBEROHEE

EFERSEBNRERYE, REREROR
BHIRE 2 O BIZFREH I, T O
B, YRERORRIT F/SBETFRIZK
S/S BIZFRILKT, F/F BEFHOL
DIIEETH -T2, 22T, F BXU S
OBIETFHE p, g 2k 5 & p=0.1837,
g=0.8163 &7% 57- (Table-20), Bic,
URERO F/SBETFREES AL, S/S
BEFREH 2EKDzhENH 5 BRZH
FHEOHEATR Uz, R ELILTH
MO o— Vv EBETFRELUENL DA
EBMRIZ Fig-12 KRL7cEBUTH B,

B CEOFHBEOEEZTFRABERMA
ARBLICOHBREEER~N, o OHE
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ZESWTHREBERDMEELITIE - 12, BEOBIRTFEN F/ISTHEEEIE, . ¢ B
KU FF/F), f(S/S) OBED» S ERO#ER@—a) X THE L, T/ S/S BETFH
BHOBARORNIC L » THIERARD ., LHL, S/ BEFHEHOES, FHEI
5, HERIBRVTNE f(S/S)<g(=0.8163) LTt AMEOHEII TS,
- 7z (Table-22),

Table-22 Estimation of frequency of natural self-fertilization in five F/S-genotype
and two S/S-genotype mother trees at Nagasaki pre. Agri. Forest, Sta,
(»=0.1837 ¢=0.8163)

E—
Clones Genotypes | F/F | F/S | S/S  Total | S(%)
Observed No, | 13 43 | 48 | 104
Onga 1 (F/S) * | ‘ 20.96
Observed Freq. | 0.1250 | 0.4135 | 0.4615 | 1.0000
Observed No. | 15  s2 ' 41 | 108
Yamada 2 (£/S) ‘ | 29.75
© Observed Freq,  0.1389 0.4815  0.3796 ' 1.0000 |
i Observed No. | 14 34 . 58 | 106
Ogi 2 (#/5) : 25.45
| Observed Freq. |0.1321 | 0.3208 | 0.5471 | 1.0000
Observed No, 12 39 | 51 102
Nagasaki 1 (F/S) I | 16.28
Observed Freq. 01176 | 0.3824 | 0.5000 | 1.0000
| Observed No, | 30 s 46 171 | 247
Kanzaki 4 (F/S) ; ( 18.75
_ Observed Freq.  0.1215 | 0.1862 0.6923 | 1.0000
Obsreved No, | 21 79 100
Isahaya 1 (S/S) ! —
Observed Freq, 0.2100 | 0.7900 | 1.0000
Observed No. | - | 19 |81 100
Minamitakaki 3 (S/S) i ‘ ! —
Observed Freq. | - 0.1900 ; 0.8100 | 1.0000

S : Natural self-fertilization

T/, FIBRO DO EERICHFEERD F/S BnFHERI4ANS, FREFNHEHRZE
FURBOMHEL TR Uz, FEMEERRIZI24~31IEAT, 2 TOIRTH - . TR LD
BEFRFHBRERRE LN 2R LB EOHBEE & 2045 K 13 Table-23
WWiRkLTce, # LT, F/F BETFREECESE, fROHER @—a) Kk-TRKb1:
HRBMERIT 16.28% THo7co L L, S/S BEFHEEICEZ HEROHEERZ @—

b) ik o fedt, f(S/S)>—E-(=0.40815) THB B TEUD -1,

BkiC S/S BETFEAEIBRIC OV TEETFREANDBEERR S EELRA N, #~ ik
BRI BN D 25~30KT, BEH356KTH -7, HER@TE SO BRBHERID
9.80%TdH -7, ZDHHRIT Table-24 1IZ7R L1z, S/S BEFEHREOGAIR F/SEBETF
B OBAICHRTENCEBROEMSE L. THIRERHOBEFRISEEBF(S/S)
<q(=0.8163) THEIBEAVE D lcled LB INS,

NRERZTHEHEERO DR 70—~ v EHETHZ, ¥ERNTO FBLU S &
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Estimation of frequency of natural self-fertilization in pooled progenies

which were collected from fourteen F/S genotype mother trees,
(p=0.1837, ¢=0.8163)

Clones Genotypes F/F 1‘ F/S S/S ‘ Obsel\rI\(f)édOfprogenies
Kanzaki § 0.1035 | 0.3793 0.5172 | 29
Kaho 5 0. 0645 ‘ 0.2903 0. 6452 31
Nagasakisho 1 0.178 | 0.4643 0. 3571 28
Fujitsu 3 0.1538 ‘ 0.6154 0.2308 26
Fujitsu 4 0.0968 : 0.4193 0.4839 | 31
Fujitsu 6 0.1786 | 0.6071 0.2143 ! 28
Fujitsu 11 0.1538 0.5769 0.2693 26
Ogi 2 0.0714 0.2500 0. 6786 28
Yamada 2 0.0714 0.3572 0.5714 28
Onga 1 0.0714 | 0.4286 0. 5000 28
Amagi 2 0.1667 | 0.5416 0.2917 | 24
Ukiha 14 0.2500 | 0.4643 0.2857 | 28
Nagasaki 1 0.1154 0.4615 0.4231 26
Kikuchi 1 0.0000 0.7667 0.2333 30
Observed No. 46 184 161 391

Pooled S5=16.28

Observed Freq, 0.1176 I 0.4706 0.4118 1.0000
S : Natural self-fertilization per.
Table-24 Estimation of frequency of natural self-fertilization in pooled progenies

which were collected from thirteen S/S genotype mother trees.
(p=0.1837, ¢=0.8163)

Clones Genotypes FrS S8 Obser\lf\i:%. i(r)lfdividuals
Ogi 1 0.2857 |  0.7143 28
Ukiha 13 0.2000 | 0.8000 25
Kaho 4 0.0357 | 0.8214 28
Isahaya 1 0.1852 0.8148 27
Isahaya 2 0.1667 0.8333 30
Fujitsu 7 0.0357 0.9643 28
Fujitsu 10 0.2857 0.7143 28
Fujitsu 12 0. 1481 0.8519 27
Minamitakaki 4 0. 0000 1.0000 26
Minamitakaki § 0.1786 0.8214 28
Minamitakaki 7 0.3333 0. 6667 27
Minamitakaki 8 0.2143 0.7857 28
Minamitakaki 9 0. 0769 0.9231 26
Observed No. 59 l 297 ‘ 356
Pooled ! 5=9.80
Observed Freq. 0.1657 ‘ 0.8343 | 1.0000  ~

|

S : Natural self-fertilization per.



96

o O] o o o O]l o o o
o o o o o] o
o O o o O] o
o o O o| o o o} o
o o© o O © o o] ©
KIL(S/S) K 1 (F/S) N1 (F/%

Fig.-13 Arrangement map of Kanzaki 4(K4) clone in
Hinoki clone stock garden at Kasuya Forest
Exper, of Kyushu Univ, The black circle indi-
cated the experimented mother tree.
KSI : Kubara 1 (under), KU1 : Kubara | (up-
per), N 1 : Nagasaki 1.

0 o) o (o) o

o o] (e}
o o [e] (¢] [ ] [e]
o
o o (o)
U3 (S/9) U (F/F) 0 7°(F/S)

Fig.-14 Arrangement map of Uwajima 2 (U2) clone in
Hinoki clone stock garden at Kasuya Forest
Exper, of Kyushu Univ,
The black circle indicates the experimented
mother tree,
U 3:Uwajima 3, O 7: Qoita 7

EFRE p g BT EN
p=0.2601, ¢=0.7399 T3
-tz (Table-21),

HEIEEIN T 3 #iE
45 GEETREF/S) LFER
8§25 (GEEZFRF/F) O
BREPDOBERE P OBRL
e HREMTFHBOHEET
WUt BEffds X OB
Bk O EBFER T
Fig.-13, Fig.-14 /R L7 &
BOTH D, FEEREIEZ 2
NFEN234L28ThbB, &
B OF B OB T EBIH
Bk & & D 5ERE I3 Table-
25 KaRLTc,

IhoDEEICE X, F
mE 250 BERMEE T §8
OHERDIC LY, Ty
4BTIE @—a) Rick-T

HE Lic, TORR, =
ZN13.20% &44.81%Th -
o REEOEAICH~NT Y
o—vEERNTOBERIT
—RICE L, Hio, BEXKE
OHEHRLE LB OBERO
—DEEZOND,

B OB ETFRIN F/S T
b 5EE, FORROKZEE
FRFHBEOMHEEIIRA D &
HRFEDLINS, BEEHIR
DEBDTHB,
fF/F) =

1 1
? ?P(l—s)
fF/S) =
SRR SORYCER)
f(5/8)=
1 1
S 59 1=5)
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Table-25 Estimation of frequency of natural self-fertilization in one F/F-genotype
and one F/S-genotype mother trees at the clone stock garden in Exp.
For., Kyushu Univ, (p=0.2601, ¢=0.7399)

Clones I‘ Genotypes | F/F | F/S &S | Total | 5(%)
Observed No. 78 140 T
Uwajima 2 (F/F) 13.20
Observed Ereq. | 0.3578  0.6422 ©1.0000
| ! I
| Observed No. 43 123 | 6 | 234
|

Kanzaki 4 (F/S) |

44 81
i Observed Freq,

| i
{ | |
| 0.1838 | 0.525 & 0.2906 | 1.0000 |

|

S: Natural self-fertilization

e bR, F/SEBZFRHOMBEEE F(F/S)3 prq=1TH205, HREF/S)=
0.5 &2, By 2 >OBEFRFEMICIT FF/F)-f(S/$H)=0.5 LESBREBRF
N3,

L L, EEROBEMEE 82 & (Table-22, Table-23), #DI13 & A &M f(F/S)<0.5
T, Ldrd fIF/F)=f(S/S)>0.5 L13-5TW03, ZOXIICHTNHOHMITVT A
ZERE LT, RFAH: (incompatibility), Rtk (sterility) &2 WRMAEHEHE
#7 (combining ability) 75 & OE{EFEIR (gametic selection) PHEATFHIE (zygotic
lethality) ME X 5N 3, THbbL, TR, AEMERICET S L TH DS HDRRSBE
X, WIGE (fitness) IR NWHE U ADHHEEAEPSTNLLEDEELIOND, C
DX SIS DBRRBE DTV BB, FBIEFOVEHBIGE~DOHFEE (contributed
proportion) Mbhrhld, BRI EZLTORBETEEOE/LEEXMbc TS (Li
1955, K& 1974, K3 1977, Mettler and Gregg 1971),

AEBROES, HANPEEER £(F/S)=0.5 f(F/F)+f(5/5)=0.5 TH5DICx
L, BREOKBIR F(F/S)<0.5 fF/F)+£(5/5)>0.5, HEic f(5/5)>0.5 DA
KHoteo LT, WE F/S BEFEREHETF SHEEFORMBTERZEZREL,
ZOWRRD F/IS BXU F/F BERFRFUEICH T 5 BREH (selection coefficient)

2FhEhn s BXU %s LRET N, EIGE (relative fitness) (2 1—s, BT 1—
—é—s LEband, £575&, BEETFEICHT 2HF5 R (contributed proportion)

DAY, ZOBRFEIWENL S, Table-26 IR L ce FvROBKHEFHEFEILUT
Wl ~RB EBOTH b,

ﬁﬁﬁb)’)'c(l\é{[ﬁ;i%?ﬂ’itQJOD Fl’ F, Fs BXU fzz_%‘fiiéo L7ch- T,

1 1
. fir(Q=—59) _ — /i
- . 2 7 _ (%.FSZ) = 2F3 " iy, chks

(1—5)eFy=2+Fae 1(1—-%—3)———@

(1=$)+Fy=2:Fpe (5—=f)— @

&1z, B
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Table-26 Change of three genotype frequencies in the progenies before
and after selection,

Genotypes F/F " F/S S/S Total
Before selection A ﬁ(:%) 1
Relative fitness 1— ; s 1—s —

1
Contributed Hd=——s) fi(l—5) fi 1'—(~2—f1+f2)5
proportion )
=A0—f9) | =a-(=9 | =—a—fi | =l=p(i+Ds=W
e =9 g
After selection Fi=-2 Fy="3 Fy= ! 1
W — —
L % 7
L

Ju, fu Syl

s . Selection coefficient,

Fy, F3, Fy:

W : Mean fitness,

—(1—s)F;

@RA» 5 fi=

2.F,

BEph, @K’a}@‘ﬁ RALT

(1—=8)+F,= 2F2

(1 5) Fy

&85, Cﬁ%%ﬂ?‘% &

®

(1—-

Expected three genotype frequencies before selection.

Observed three genotype frequencies after selection,

Table-27 Estimation of frequency of natural self-fertilization from the expected
frequencies which were calculated from the observed frequencies in five
F/S genotype mother trees and pooled F/S genotype mother trees.
(p=0.1837, ¢=0.8163)
Clones Genotypes F/F FrS S/S Total S(%)
|
Onga 1 (F/S) Observed Freq. | 0.1250 | 0.4135 | 0. 4615 1. 0000 19.13
Expected Freq. 0.1221 | 0. 5000 | 0.3779 1. 0000 !
- : 1 : I
Yamada 2 (F/S) Observed Freq. | 0.1389 | 0.4815 } 0.3796 1. 0000 ' 29.24
Expected Freq. 0.1381 | 0.5000 | 0.3619 1.0000 |
Ogi 2 (F/S) " Observed Freq. , 0.1321 | 0.3208 { 0. 5471 1. 0000 21.40
i Expected Freq. | 0. 1257 ‘ 0.5000 | 0.3743 1. 0000
. . ‘
Nagasaki 1 (F/S) Observed Freq. 0.1176 0.3824 | 0.5000 1. 0000 L 14.07
Expected Freq. 0.1141 0. 5000 \ 0. 3859 1.0000 |
Kanzaki 4 (F/S) Observed Freq, ‘ 0.1215 0.1862 | 0.6923 = 1.0000 13.12
Expected Freq, | 0.1126 | 0.5000 | 0.3874 1 1.0000 |
Pooled fourteen Observed Freq. 0.1176 0.4706 0.4118 | 1. 0000
F/S genotype 15.71
mother trees Expected Freq, | 0.1167 0. 5000 0 3833 | 1.0000

S : Naturel self- fertlhzatlon percentage
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Fyes'+ (F,—3F;—2F) s+ 2(F\—F,+ Fy) =0&752, cOKiF s iCB3 5 ZkREER
Kino, Fi, F, 8&U F, Q22 nfRALT s OfEzeRD 5 (ELOCs<), &
bt s EE@RNCRALT fi 2R, EIL £,=0.5—f1 5 f; Kb 5B,

TOEDITLT, F/S BETFESBHORRGIOKEEEFRIOHEEELE, €DHE
BICE SO AMEOREERERIZ Table-27 KRLAEBD THB, THbL, BHEX
S=13.12~29.24% &120, Fh, URBMOFHEEL -V LEEATS 15.71% TH
>t BT DEE, f(F/S)=0.5 T f(F/F)+f(5/5)=0.5 &3 -TW5sfcd FB&
U S WIFheEBBEFICLTHXL, £4D5E50 HELRO HEHII—HL TN,

3I)E =

MARDOHEREWEOHEEIZ, Moffett (1956) 43 Acacia decurvens & A. mollissima
DERZMCETAPREO—RE LT, A mollissima OMFERAF~, HEAK21EKDS
B UKL 6% Th - 7chs, fhld 62~94% TH » 10 &EF I WME LTI - L OMEHT
b, 2D®, FADHET, TLOANARRMPOWERTEONT X7,

Squillace and Kraus (1963) 2 slash pine (Pinus elliottii var. demsa Little and
Dorman) T, F7/2AEE (1971c) B 7 A=V DOWT, BRKRSATOHBEEREAF T
%, Sorensen (1971a, 1973) i3 Douglas-ir OFAWMANIC & 3 HERDOE WA, FRIC
Koski and Malmivaara (1974) i3 Picea abies K. & Pinus silvestris L. O B R
OB EBLTOERENICDINT, Ffz, Sorensen and Mile (1974) {3 Douglas-fir &
ponderosa pine ORFEIC L ZENICODNWTENEFNHRE L T35, BT, KE (1972b)
B7 o=y DR—BBIZ DN TEER THERNE 5 ¢ &%, Fowler (1965¢) 13 Pinus
resinosa Ait. AT, H—EAANTHRHITEOL « THTHBERNE L EDI L LEH
EHEL T3,

T, BREERHEEOLDICANERERETIZ, F3E, FLHTENLIOIRTHE
BEFRIIERRBICEIEBEBIEBEALTHSA, Franklin (1971a, 1971b) BEF O
FERRICE ST loblolly pine & Pinus silvestris L. DBEEDOHEATL - T
W5k, BICEE, MROEBRBEEENMEL S AES 7 7EBEBRAINTVS S, Rudin
et al. (1974), Tigerstedt (1973), Miiller (1976) 53, #NFNINSLDFRHICE T
HAEERDZ VWRERLROBEEZH TS,

PERNTELLIIC, BMBOWEFEINLTLEHKE—LTEST, B, EHbBX
CREEBERCE > TEULLERL >TVEY, 2OHAIZI0~30%6ThH 5, BiC LI O
BRAIRSFPOEEREELIRE L SOBKEHTH S, Fowler (1965d) 13 jack
pine OFMEICOWTH~N, HEEBNEACEL, UHrHHETHETEILBD 256D
HEMEC > THa T EpDS, BIER, KK REREPRUTHS BT,

RERIT, e/ FRAEETORMERCHATIMAETH S, £ ORKE 0~2.75%
(Table-22) T, 14KDEHDYEETH 16.28% (Table-23) ZRLEAICHEWEIEES
hico ke, 70— VvERBETIE 13.20% & 44.81% EELLIELIRD, LrbzoRR
EIHOBBEERS LR L > TASSEBEAZULCENHPS P ER s ERERT
RECLETHD, B, ThETO HREREL, HARHCUMTREICENTELE L1
2, BRERTHOLLS BERBRFEHEZIE, MEELEKTCORENE EREERELHEET
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5CZELTETH D,
e, AR T FEREFEFEHRE LD, SHOBEFEN F/STHEA12 S&E
EFEEHEUCBMBHEESHEANITET, LrbEERZ0ES—KTE3TTH

5. 2OBAOHERE ®—b) ’G%bf:;;)ZCLS:———Zf%S/SS_)T_q— LB, ZOBA

A(F/S)=0.5, fUF/F)+f(S/S)=0.5 LB o5RFE S50, UL, KEBRTIE Table-
20 2o BPODIREDIC, SHEIETOIHEE ¢=0.8163 LHFDILLR IV ADICHER
ARETH - 70 THbL, #HERND ¢>0.5 DA, SEHRAEEEZLLATF b 2.£(S/S)
—q<0 L3339 THD, CNBRATIERHEINS, T1aHb

2:(S/)=g=2+ (=S 54 (1=9)) —g =—3-Sq(1=S)—¢ KHEVT, AKEK

TR p<q. q>— THEHD g=—+a LELT (BL, 0<a<0.5), ERICA

AT BE, 2(S/S)—g=—asS L1335, F1z, a>0, S>0, ¥ oE 2f(S/S)—g<0
THb, LI -T, 2D00BEFHEE p & g ORT, p<0.5<q DBEEND 2EHE,

AT U(S/S)—q<0 LBBRTEND q>0.5, f(S/S)<——q £HRL TR NI

HEEREREE 123,

5 B OB FREE L (Table-22), Wi'hd fAF/S)40.5T, Lid f(5/S) o
EREFICKED /o TOXI1E “eXD” BEUKLERELT, ZH—ZHE-—ETF
TR —3 2 DBIR TH 5 0> DIER (selection) 23 &, WIREIGEONRE U edEEE
Zohd, ThREFRCHKSZHERKTH LY, COLINHRI—RICHIEHTEADS
nTn3,

Nakagahra (1972) 3, BARBERIEA 3 EAEENR A F & OB TERBETF DS BEL
72O RUEN, FHEERCEENSERICHD L0 (BOSEHE), Binlkch GEmsS B
B) T32008 47458 DI, FLTOANARRDRIEDREER, STRECEROBES
BRI, ZRAOFVIEROEELRT ga (REAEEZTF) 8, ZEHEETF L EH (in-
kage) LTWAdic “09A” (distorted segregation) 24 Uk dDTHB T & %A
ST L7, F 72, Nakaghra (1977) % Oriza sativa DT RF 5 —¥ ¢« TA YV HF A Lo
NYFDIB, 12A & 13A O/ v —R Ny FOSHNAMEERTIL SN, Lrdid
HEDRHICE-TELEBTH BTV E, EiC, Gain et al. (1971) @2 %X
3 (Microtus ochrogaster) ® 5 X7 oY v (transferrin) O wrBEF T2 &
TF k33 200BETFHOBEEHCEONSEZCEEZELLIKLTNS,

BISERENZFNOBETFHCEECERES 2 LY TR, BEBSEDLNIBEISE S
Bldd, T, MELNL - TORBETFEIANOTF BT 3 BzFORE, Jidb
B, #EEHEE (genetic background) Kk - THEAINBCEBHONTVE (K
P97, Lo T, HBCRE4OBEAMOMLAEDLEILE T, 2OEARE-ST
(BEEZOND, UL, KERDOX D ICHEOELZTRNS F/S THEES, #DK
ROZBETFIHOHERBOBRFHEER f(F/S)=0.5, f(F/F)+f(S5/S)=0.5Th 3, F/F
BIU S/S BEFHEHORARTOERMANEEIALHATHZ /00, HeOHAED
HTEDIIRERBBHOCOEINITWEETIEV, L L, F/S BEFREEMCRNT,
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Table-26 ICRL LS MBRETFTVEEFLTHELODARVERDNS,

WiC, BELTHREOREKKOBED S 54, —BE& R MDD E b 100 Eik2
ERVBCEEFAE Uc, 100 BEADES, B#E U BEREOBBEED | EiEHe
W, ZDHEER 0.01 K& 105, Bic, HEERHEIBVLTH 6.3% #Bhdydc s
30, BERCFETAHEIEUCKRE D, Led-T, COXIBHRATIIHER
BEAETEZRIEZEBFBIVERDLNSE, KEROESG, SEHYUYY OBEEMEEREK
I3 100~247 AR TH - 7z, Ffz, F/S BEFRRI4RIC DOV T 391 @ik, S/S &
EFEBEBEOFEIT IS6EEATH -7, Licdi-T, ThdbOHEBER—IMEFLE
DBEAEBTOBEEZTEINLAD,

BHIE R & B =B

—RICA~T oSBT H 2 MEHEY S, ERSEETRIE, 208BRTE, O&E
NBEDELVEE, QFHFREOHE, OXRFHUOSH, @FeEAKOEMEED
BRBAONDE, T/Bic, MFEIHEETE - HESR, OFRE, OEEOHALD
, ORBICHTIHGHEOIK, OBBRBEANIOTHERS EBHEFINE, CDLD
RERIL, SEMATELED TOR L TRIZERBINEINEEETH 3,

EENAETHRARTERES B o, ANRRHTERBIczhEN BEED K X
N, —ICZOEERBEZ OGN, LML, TNODOEEBRERI LTS TEBLABRKES
NENEEZOMBREELTVS, THbE, SROFERICH LT, BICBRWIE
PORDEDIBERNEZ NERENS,

OEEAE, HiCHHE (self-fertilization) B TX B IR SRV ESI LT B, @F
BRI 0BENCENTVACE, BT TBEERCEATVSLZ L, @
BHYDOREENE K, LrbEE~EBEOBTFAEMTEZCL, QERTE3 X
FHHEBEET, HOoZMMIfTiibhd &,

UEDX SR EZB LT, KM TIE, 1) HEICK 3 BENKEE, 2) FHBORE
BCBLZTHMOZE, 3) BRAKUT TR 2 BEETOEBED 3HBIENLT
ERETIE - 12,

1) BHEIC &3 BENES

HWADERZEICET AR, 2ORIBNTEBFHREE BRSNS 2 VT
HBEOHMEEL 2B T2 & THROLNE, ThETIKHNSN: BEIL, BRARE
B}, BREFH AEEFH v 7HR RER BFE R¥EH, L. THE#8HE, BE
E, HBZ L TRAOKHE, WESEEBIUMBRIETHSL, AMETIE, BFE, B3
K, FERE L. THBE BERBIU2E4£EED THREICOVT, HEE MK
KBEVEFRR, TORKR, ZOVTNORETOHMTFHREDOF ML - T,

CDXIBHERFT, bYEoaY, FHoxUYBHBENR T o—N—13E, £ OMFH 1
FEEEHRILBOT—RICED S (BRR 1969, 1972, 7RiE 1968, Brewbaker 1964), »
DWLHBERBOURETH S, ULHLEES, 20BERSKTLI—ETELEL, A—HE
BRTHENZTNDOREIC L - TRB L EMBRDONTN S, Fl213 Pinus taeda L. T
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W, REETER, RHER RBEBLIUHR (&) O3HENBICHBERBEEZTDT
<, hoFETIMEZ AT BEREIVOFEEGLZNELEDLLRVE RTINS (Fran-
klin 1969a, 1969b), [EKE?S ¢ & i3 Pseudotsuga menziesii (Milb.) Franko. & Pinus
ponderosa Laws. (Sorensen and Miles 1974) 27 H=<=v. 7 o<y (BH1964, 1966a)
RETHIHLNTWS, BT, Franklin (1969a) £ Fowler (1965a) 5, R—EE
THEAKICID ZOBRENERLZCEEPFLMIZLTNS,

E/FOBADEMT, BEEIMBOHKKRILBNT, BLALEEDLSIZNLD, 30
REBEDOHFBPEZ - TEWVBRAED ST KGR SN (Fig.-2~Fig-7), i~ Tk
Bo5H, Bk, RIFRBIVEGFEROIEHOBMBBOBERFICAEL, Z0OHE
BENEN 0.91, 0.63 BXY 0.84 TH -7 (Table-3), cDXkHic, BEIKL-T
FRRICk - T20 BESRLZDIT, Wright (1976) D%  © FIEEEMBR~T
WABEXDIL, hHDOEENKY V- (polygene) XEILLEHDT, ThThoH
RKOBLFERBELZCELCRERTILDEEZOND, T, 2EENESOHIEHR
DRERZNEBAXLIE L 72 (0.95) 2%, 61440 Picea abies (L.) Karst, (Eriksson
et al, 1973) ®, 37THALERF (Shh 1976) DHFEDLHIC, L & bICEOEERK
X HBTEBTHEIND,

Bl - TERERBERICEABAMOEBDTH S, COXIICEBEENEET
3By, §RTOBETROMHIGE (fitness) [IF L {70, KFBLT (lethal gene),
LEILHEIEZF (semi lethal gene) H AN o LEGE L L BEFEEOFEEETIC
o THBERELIUETIRONE, 2OXIIT, 20HOEFEICELEZ X H15HE
ETFORAEEENNE (genetic load) &Y, BICHEAK YD OFERRFEEE
WE (¥) (lethal equivalent) & - TWAM, Pinus resinosa Ait. DFEIR/NZ L
HIESBOEE L2 ic {» (Fowler 1965¢), {1y, Picea abies (L.) Karst. & Pinus
taeda L. (Koski 1973, Franklin 1972) 25720 Ak %, ¥EIC, Pseudotsuga menziesit
var, menziesit (Franklin 1970) 13FEEic k&<, %7, Sorensen (1969) i 3 ~27 ¥
WHUBTHELEFLIPICLTNS,

v/ FOBE, B TREOBMBROREL, H2HEICHET S HEENE MEE
HOREBRNTND IUFTTH o BIC, 1970 —vD5 5107 0—rT, AFHPE
MRS EOBRPLHENEEPRBIN, TOXHK, EFLHOLICRNTH KL
PEEBGTEHELYBACEINTOBRELENF 2T, LB -T, b/ FITEEGHHED
K&, HEKLZBEELZUDPTVHETHAILELONS,

2) FHBROERECE LBTREAOCEE

WANWARBOREFESBAINTV A D (Wright 1976, Namkoong 1972), AW
KTV FER Griffing (1956) ic X238 Y4 0 —FEchk#: (complete diallel cross)
ThHbo COHEEE, BIEEICHARKH (reciprocal cross) UMD THB7eH.
EHRAOBEHEBELZEMCMECENTEE, LU, » HOBEKREFATIE, KA
DEAEDER P MERD, ERBEARENEVE, KHEKN, FONICEESRETH
D, ¥, RERBEUZCEBEFINBNEEIREBD S, Lcd->T, HATRE
P4 T E A (partial diallel cross) Ik - T, TEA3KT EHELOBERKDNWTZ
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OEMER > TBSABRNEEZL B,

AERTIZ, HFEE, FHRUE FEREBIU2EAHSO4EEEH . 20
B, RRICEBEZBEEIFBCL > TRECERICEB DD e, MRETER, XF
(KR 1975, A + &£F 1976, &ik - Hrh 19752, BiA - #isk 1966), Th<Y GH&E
1971), 7ua-=y (FES 1966) BXLUE / F (EiE « ¥ 1975b, (43 1973) oW
THENON, BARABKOBEEIAZREL TS,

Hic, J& (1967, 1971, 1973), B  FaF (1971a) (28RS TRIEOH, A F
BHEEORRATBSVEROEES SRR Lz, £/ 3084, #f - fHICH T TFHRE
~NDEBLENIER, I EROTNL 1BV THEEELSZD O, BBOLES
TEREOBELEUA XN EWBSH - 7z (Table-7), FE, 4 LS (1977) 3, 365
E2¥ F, OMBRIEEBD2HERBICHAZDEICIZEZERNEFE LVREHRELT
W3, BRI &i3 Table-8, Table-10 DR ZHEDE VLS LIBATH .

Ftz, Y L ~—FUE - b CRK X Nuic Picea abies (L) Karst. © F, T, &K
HETELE 2 EEOMAE LR DI EMRLE DK 2313 2 »pIcEN TV S < & (Nilsson
1974), Pinus silvesris L. T3 E¥H (mid parent) LD EN7b D, H5Wid phaci-
dium infestant DIEHFHICENI-EDIEE. HobATFu YR EEZT, LWVHEAE
HEDH BT EAWE LTS (Ehrenberg 1973), HEic, X ¥ 544k F, OEO&E
EERIiZ 37.2% T, XEICLZBENESEIHELYPHEING LBRTHS (B « KE
1976), ZD &SI, MAEGHLEDENICLES F, ~OZEBIWHSNICERLE I EBTR
S tehs, REESERINBE, He OBRKOBEIREAEE S HICT 5 & FIRFIC R
BafIic > T oML - 1@IT B E b,

Ena v EOMEREBERICENTIE, BRREME—-FICREL, HeabEEN
(combining ability) ZF~, U THES 1REFBTZBBNLEEAECE-T
HELLOBRWEBEIDHD TS (Kambel and Webster 1965, Phul et al. 1974),

MAdbeiehid, —glsabeiEn (G C A) tEEilsabegl 5. C A)
AT ohdh, b/ FDBEZOVTNEBNVEEENBE D b (Table-8), 3773
bbb, HEPEREOEBREAVTH KL, ThIHIBHIIHEFHOBNTR BIIDES
b5, AL LR, hoMETHRD LTS (BA « #1976, Kraus 1973,
Morgenstern 1974, Bingham et al. 1969), ¥ 7:, Wilcox et al. (1975), Pinus radi-
ata D.Don @ S. C. A. icEL T, #5E, WEEEL Naemacylus minor OiEHi#:T
BLENIHEASDYE (7 u—VvEE 96x55) ZRHLTNS,

PIEDE3BcEDD, SBOFEECH LT, FllsdbeEIEERICANK
RERSEBLETHA S5, HE O BEoRMT, i EEO EEEBDNRD T2
D, —FDACE-70, HEAORBEERBELL TN ORLEOEESEDHOLNTY
% (FBE 1965, ARG 1975, t£4AKS 1976, [LF 1973, ¥lLd 1973), Eic, ALK
DFAIAEPLERECELVENESZ T EBFEINTHS (A 1975a, 1975b, 1976,
Bl 1976, BEM 1973), L7ctd-> T, SRHFDC O LS EmEEL+4m0, 2L
T, TEX3HIELORBBICONTHEASOEREIEZH, BHiC G C A 0Nk
EFBELTOLLRETH B, 372, MAKOEBRBEEIILKRTH20T, BIEEEDORIT
377K L, Bicfh TR, B EOBEKEBEROKDICE S. C A DENKS



104
DEBELTOLIRETHA D,

3) BARHT TR EEETOMEE

FEETIECHEGREDOBALZRI LS LEMKIC, BELLIERIMOBNTDEC
EWEEND, BENBEEERO 1 D& LCHMOMENS 3, HICRBENELNICE
HENBICE- B, REENTEOREHREMME > T304 H - TE L Lid
SRORBREBICEOVCTEELCETHY, BBEHNLLHED1>TH3,

MARZ—RICREEY T, Mk Th 25, EEBICRENENHATHEMSES » T

5L£9THb, CNITREL DHBICODVWTHBERMBE~ONTIS, Pinus elliottii
var. elliattii Engelm. T3 0 ~27% (Squillace and Kraus 1963), Pseudotsuga men-
ztesii Franco T3 0.1~45%, 0~27% 5 XU 6.4% (Sorensen 1971a, 1973, Soren-
sen and Miles 1974), £LTZ =Y T3 40.6% (KB 1972b) EHBHE VR
BEONTNE, Fi, Pinus ponderosa Laws. Ti2 11.3% (Sorensen and Miles
1974), Picea abies (L.) Karst. T 5% 8 X1 14.7% (Koski and Malmivaara 1974,
Miiller 1976), Pinus banksiana Lamb. T10% (Sittmann and Tyson 1971), Pinus
taeda L. T0~13.5% (Franklin 1971a, 1971b), Pinus sylvestris L. Tiz 5% (Ko-
ski and Malmivaara) 8L 7 H<Y TR 5% (CKE 1971c) 73 & BB SRR 4158
T3, kDX Sic, AMERLTLO—ETRE L, HEDHRAAD 3 VER—MEE
THEFEICE > THYRLZCENRBH LN TWS, Hic, Franklin (1971a, 1972b) i3
ERROEIALICE > THORIEBCEZWEOMICL TS, UL, ChASOBEIVTH
bALHPRAMOKFEBERICETZHDTH 3,
ABRETR, b/ +REBBEIRE L, 2ORE, 0~29.75% ORET, HYEOH
FEERDBET > TOBZEBPASLEL - 1o, EEOREEANERE L% 12 Fowler
(1965d) #% Pinus banksiana Lamb. IZ DN\ TIFE > TOEDHTH B, +DRE, 0~
35.1%7T, BICHELETRIBBTHS DI L, THBTR6BTHY, BEEOEMEIT
ATHPRAMKRICHNEETZLBRTNE, £, b« Hid (1976) &2 FCRBETE
REBTVZ, BREMOKEC 2841, WREEDILD ORI S 2 WIS RER
ERE-TRELEBEINBEEZONS,

M DRELEEREIL, ash, Douglas-fir, popular, spruce, elm, pimyon, slash pine 5 &
U Schotch pine 72 &% { OBBIC OV THENSN TV M, K10= 4 1iC &% Sl iask
ETCRERTBLESREL, BORFVKIOT 4 — M EEESHEE 252 (Wright 1953,
Colwell 1951, Strand 1957, Wang et al. 1960, Silen 1967, Lannerl966), L L, &
BT o — Y EEEAD 2 BRI W THME R~ E T 5, 13.20%, 44.81%& 3
RICHVESF ORI, B, 2 BEICHEL T30 B ORE, S (Fig.-13, Fig.-
14), ERFEESROE XTAMRIIEL, HOBRERON, AHLRBE L BEN
BIRDSH B C LG - fco HH, Picea abies (L.) Karst. (Langner 1953) & 2 & (3
- &l 1976) THEBETEZROTIRKICH LR OSH AT ERET, Y
EBREOED Pm~108m OWETHEHEPO P LTS, DEDCEDD, &
BEATOREERT, EELCR (ramdom mating) Z—JEORHEE LTV 328, EE
DEYEBRBACTOEEADO S DICHRLTNB EELI SN 5,
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F7-, BHOBEZETFRN F/S OB4, #OFHEZ F/F, F/S 8XU S/S #BEF
BMOVWTINTHb, £ LT, BRI F/S BETHFHREONRIRMBEHEERTEIC
f(F/S)=0.5 TH %, LL, BERLTNE 0.5 LIFT, Lrd S/S BEFRHOH
~ffo> Tt (Table-22), ZDXHRERE LT, ZH—-ZRHE-EFCELHOERHE
DEBEHILEICLIRMEPRRNEZLONS, BHE (1675) & Bl (1976) 3 2 FHEEk
ORBEREPDMURIBAOREE L TRBETRIT 19~47% WWETTAHC L, i,
HEBEICGERT 228110 % S S VREERRTVE, LEkMB-T, e/ FTRLNLE
SHBERRIZEBIASLORBFBRSEC - L TRIEVMAEELONS, FXE,
43 DOTHECBNT, EHZEEOSFBEN LTI LEER XN, BOSHEPDBNSHE DS 5
z & BEm LN TS A, Nakagahra (1972, 1977) ZZHEICIEROESBECD, 25
HOENER, TRHLLEBKEBET (ga) BMERECTFELEHLTVWBTEEZPESHIC
LT3,

v/ FDEA, FOBRMEKWIE SRR - T, EZA4A 20X 57 REFER
5, F/S BIEFEAK ETRETVWEETIUE, 3BETFRHOROMNI TCHAINS.
DT EIFAE MADRT AP ARMEOMBIMELOREREEZ5bDEEDNS.

Fit, ChETTROA T AIEED TR, T0RLAEN EHBEEFICIBE
g, Blzid, AFHERESERVEE LTHRINTE e, Lcd - T, BEEXOHER
N DESBEFEA~TF o THEOEBICRONTL 3, COLINBEHIRZARIKS
EREZOSAEV, 204, £/ FTRONLELIE, B/ v—BON—FFVE—F -
TAVHEALA L« Y FIRBREKCELTHILTHD, TNTOMEEN I DO BETFH
(F/F, F/S XU S/S) onwdhdriHs, ULhrbzoaiEd s v Frosmri (1
2:1) 2FRTOT, 4%t/ FOEMBEENAECENTCOEALTEREETEND
B3,

] -3

KFEZe /+OHBICBLT, HBERBEENFIA»S, RICE~NS 3 DOBKIT
DNTERIE S TIKRAEZTE - 1

1. 29, /307 u0—vZEOMEERELHEN, ZHEHPCDOTHRE L, B
o, BREE MR, RAROHELEICHET 3 HEET - 7o,

2. BEH s a—VvEORELAT LIV 70 REFRY, ARBIOVTHAS DY
BhHEHE~N, B, ZEVEORBME ZOBEFHMTZEAA T,

3. T, REBEBTONN—FFVE—F - TAVF L6« SV FOEEERA~N, 2L
T, BESY FOBERRZE N, B, BEORERLE 7 o — Y EFEETORMED
#EEERS .

PlEDC EMSILDOTITIE - 7 COWROBESERIEWICERTIRDEBD TH
%,
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Résumé

This investigation is a study concerning some genetics aspects of inbreeding

problems in Hinoki, Chamaecyparis obtusa Endl.

Inbreeding occasionally causes the reduction of the various kinds of variability

such as seed productivity, germinative ability and growing vigor etc. Especially,

self-pollination in forest tree species brings many problems to push forward the

forest tree improvement.

1.

II.

Flowering habits of Hinoki plus trees and variation of several phenotipic cha-
racters of progenies which were produced by selfing.

1) Differences of flower-bearing habits and bearing position of male and female
flowers in each clone were recognized. Considerable amount of flowers were
omnipresented in the upper part of the tree crown. Particulary, majority of
female flowers were beared in this part. The matured stage of male and female
flower was almost the same time within individuals though female flower de-
veloped a little earlier.

2) Though the developmental stage-4 in male and female flowers was thought to
be the optimum time for natural pollination within individuals, the differences
of the most favorable time of natural pollination among each clone were ob-

served. The difference in time between the eariest and the latest matured
clone was about two weeks.

3) The ratio of self-pollination to cross-pollination in each of seven characters
of progenies during two years after germination were examined. This was cal-
culated by dividing performance value (family mean) of self-pollination by
that of cross-pollination. All the values calculated was less than one. It was
concluded that this result was brought about by effects of selfing, in other
words inbreeding depression.

4) The degree of inbreeding depression of seven characters was not always
the same among colnes. Further, some clones did not indicate effects of inbree-
ding depression. Characters which indicated effective inbreeding depression
were seed weight (0.90), germination percentage (0. 63), hypocotyl length (0. 91)
and survival percentage (0. 84).

Estimation of combining ability and detection of recessive homozygous charact-
ers.

1) Eight parents of Hinoki plus tree were crossed in complete diallel and four
character of their progenies, that is, germination percentage, hypocotyl length,
cotyledon slenderness (cotyledon length divided by cotyledon width), and two-
year-seedling height were examined. It was concluded that of estimated values
of combining ability was remarkably differed by each cross.

The values for four characters in self-pollination of eight parent were smaller
than any other values in cross-pollination. Especially, germination percentage



122

and seedling height were suspected of influence by crossing.

All of G. C. A. (general combining ability), S. C. A. (specific combining
ability) and Recipro. (reciprocal effects) for four characters was significant at
1% level from a result of analysis of variance respectively.

2) Heritability of three characters, that is, hypocotyl length, cotyledon slender-

ness and two-year-seedling height were 0.330, 0.335 and 0.333 respectively.
Further heritability of female parent was higher than that of male in all of
these characters.

3) Sowing experiments of nineteen clones were practiced and a large number

IIL

and many kinds of variants were observed. These variants might be divided
into two groups. One was chlorophyl deficients variants which included albino,
xantha, light green seedlings, and so on. The other was morphological variants
which included dwarf, having numerous primary leaves, faciation primary lea-
ves seedling, and so on. Altogether, thirteen kinds of variants were detected
in 52% among tested nineteen clones. In them, chlorophyl deficient variants
which were detected on O1 (light green primary leaves, no lethal) and A27
(light green cotyledon and primary leaves, lethal) clones were controlled by
major gene respectively though these two variants were appearently quite alike
each other.

However gene analysis of the other variants were not able to conduct, it
was recognized that many clones of Hinoki had involved considerable number
of deleterious gene for their living. Therefore, it seems to be concluded that
Hinoki, Chamaecyparis obtusa Endl. was susceptible of inbreeding depression
and its genctic load to be fairly large.

Gene analysis of peroxidase isozyme bands by means of zymography and esti-
mation of frequency of natural self-pollination.

1) Raise and fall of peroxidase isozyme bands during about one¢ year after germi-

nation were examined. They were very changeable during growing season till
September but became stable fall season. Though enzymatic activity changed
seasonably, it was recognized that stable isozyme band pattern appeared after
October when seedlings stopped to grow. Therefore, it was concluded that gene
analysis of several bands with stable activity was surely possible even though
the age of seedling was less than one year.

2) Peroxidase isozyme bands variation of Hinoki plus tree were examined. Two

bands with relatively height activity and different mobility were presented in
specific region of Rf 36-41. These two bands were named F (fast migrated)
and S (slow migrated) respectively. The patterns composed by these two bands
could be classified into three types, that is, single band type of F and that of
S, and double bands type of F.S. The inheritance of these two peroxidase iso-
zyme bands in Hinoki was investigated by making use of four parental trees
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and 412 progenies which produced from 4x4 complete diallel cross. Consequent-
ly, genotypes of individuals with F or S single isozyme band were symbolized
as P,f/P,F and P,5/P,5 which were homozygotes respectively, while those
with F«S double bands were symbolized P,*/P,5 which was heterozygote, It
was very interesting that the genetic behavior of these allelic isozyme bands
subjected to monomeric forms (monomer) and that of codominance which
should never indicate dominant nor recessive relation of P,”- and P,S-gene.

3) Estimation of frequency of natural self-fertilization was investigated by mak-
ing use of P,F- and P.,S-marker gene. First of all, genotypes of all mother
trees composing experimental seed orchard were examined and frequencies of
P,F. and P.5- allele which expected to be fertilized randomly were calculated
from genotype frequencies of mother trees in a experimental seed orchard and
a clone stock garden respectively. Genotype frequencies of more than 100 in-
dividuals of open-pollinated progenies which were originated from every mother
tree that had investigated their genotypes were examined. And then, frequency
of natural self-fertilization were estimated based on the experimented genotype
frequencies of these progenies.

As a result, ratio of natural self-fertilization in five F/S genotype mother
trees were ranged from 16.28 to 29.75%. While, mean frequency of natural
self fertilization of a seed orchard which based on mixed progenies from four-
teen F/S genotype mother trees and thirteen S/S genotype mother trees was
16.28 and 9.80% respectively.

Further, frequency of natural self-fertilization of one F/S and one S/S geno-
type mother tree in a clone stock garden where the same clones were set in
two or three rows was examined. The ratio of natural self-fertilization of these
trees were 13.20 and 44.81% respectively.

Frequency of natural self-fertilization in actual seed orchard was unexpectedly
high. And it seemed that frequency of natural self-fertilization in the clone
stock garden was extremely influenced by pollen produced from neighboring
clonal individuals.

4) Theoretically expected frequency of F/S genotype offsprings which originated
from each five F/S genotype mother trees should certainly be f(F/S)=0.5 at
any case, but actual observed frequency tended to be smaller than 0.5.

For a reason of this distortion, it was supposed that the distorted frequencies
of F/S genotypes observed in progenies might be based on the disturbance of
gamets which was caused by linkage between a marker gene and a certation or
a fertility gene (gametic selection or zygotic lethality) at fertilization.
Gamatic selection at fertilization on the F/S genotype mother trees might cause
such frequency to be distorted. Therefore, frequency of F/F, F/S and S/S
genotypes before selection were able to calculate in conformity with the general
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selection model.

As a result, ratio of frequency on natural-fertilization for five mother trees
were ranged from 13.12 to 29.24%, and mean frequency of natural self-fertili-
zation of this seed orchard was estimated about 15.71%.



