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Prediction of pollen reduction using selected less pollen variety of
Sugi (Cryptomeria japonica) propagated by clonal cuttings and
open pollinated progenies from clonal seed orchards

Satoshi TAMAKIY and Susumu KURINOBU?

Abstract

To evaluate the effect of selection for less pollen Sugi (Cryptomeria japonica) for alleviating the
social problem of pollinosis, reduction in pollen productivity was predicted in two ways; direct selection
assuming a vegetative propagation of the selected clone and indirect selection assuming seedling
production from an orchard of the selection. Abundance of male flowering was evaluated individually
with a subjective five grade scores from 1 to 5 and then the plot means were calculated for the subsequent
analysis. The measurement was done at 3 clone banks, 22 clonal tests and 5 open pollinated progeny tests
in the Kansai Breeding Region. This region was divided into three sub-regions, thus the data analysis
was done by each sub-region. Repeatability of clonal mean ranged from 0.47 to 0.64, and family mean
heritability were 0.43 to 0.82. Parent-offspring correlation was 0.41. These results suggest that the male
flowering ability of Sugi was under the strong genetic control. Genetic gain by direct selection of less
pollen clone was 0.34-0.46 on the five grade scoring scale, and the gain by indirect selection was 0.14-0.16.
Then the gains were converted to the male flower weight by the published quadratic regression equation.
The use of clonal cuttings of less pollen Sugi would reduce pollen production around 2.3-5.2% to those of
unselected Sugi, whereas the use of progeny of the selection would reduce around 45.4-47.7%.
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1. 1ZC®»IC

ZFIEMIED IR Z X, KR & L TmEmicd %
T, RECHARNZEREZHIENTEST, €
P& Ozl 5 ENRBIERTMRE TS T
%o ZEIER OREURE & AEMHE DSEIR DO E & D EH
B OMRITEAFAEDORERN S L ARKIEOHE &
LTHMEETNTHED (Ozasa et.al 2002) . AFhH 5
RETZAFEMERD IR S T L3, HE2NTED
BEEL RS> TWVS, THICHT BMAERDEH TOH
DAL LT, 1) MESERD D THEWw T {ER
DY NAFEE ] (LR, DEMAF LT ) DFE
e 2) MEMEARRAFZFIH U 72 BRAERE O & (558 -
- 2005, Ak 2009) . 3) fEMHOT LIV VEA R
DEEDOWPE (BFEDS 1999) T ENED SN TV 5,
TD5bB, 2) DEMARAFIZONTIE., TEREEL
HE Rz, FMEREMIERRTH 5, TD—J
T, WEEZEERRMEEKIDODITOILIEREINTES
TEERMDPEONTVWE L, BXUTZTNLDKRE
KD ARG A, ROk & D N TR RS R = Al
W 2B NHEHeh 5, BT REICHTZ
AT B EENIEE S TVEY, 1) IKDVTiE, Th
FCICEET 131 MENMEKEENTED (MKREHL
Y &Z—2010) , TCICHEEENMEE > TWVS (HH
2007) o DIEMAF IR EB O 5RIKE N0
IR EEE R EDOMENREENHSENTH D, HE
Ffbicmi BRELEv, 20—5T. DIEMAF
BIEEDBE LRI DEVE OO ARAF L IFHk
. HELDIEHETEMZHT  EME, BIERED
HEMENEOWC ENEETH S, Tabb, DIEMA
FIT K BIEWEXS RN R ZHEE T 2 2D, — W
EEMNEE L IS, EERFHmEICH - 2 @Amic X o
REBD B2 BIn i BRSO BICEI L, B
BORKEETZHET 20BN H %,

TNE TICAFIBEB OMIEATEE OB TR
ZWMEL LT, 7a—VHICEREENH B T LI BE
CHETNTVS (FIZEHEES 1993, FH5 1996)
o FTc. AEEXMOLEIIEZHSE DD, FEFENX
Eoon—YEDRAEFEFRIEEERETEEWD (HEHS
1993, & - FEML 2006) . HETH > TEHF DK
E 7 a— Y EOSEBED & R T/hE T &G
ENTVDE (FHDS 1996) o 5T, JRFEDBEEHED
#E (FHD 1996) RBEMICE W TEERD DTN
R D LA 72 YIWNEK U 72156 O AR 1S5 2 O HE
ENEEINTWVS (EFEDS 2001) , T 5D,
HEEBE BN RN REVEETH Y, M
ICKXZUEDHEETHA T &R LD, DEMAF
FRIFHR LG EICEDREOUBMEND B ic DOV
T, AL TE3EMEEZICEE>TVERY, ik,
CTNETORAFR T OMEESEMICET 098 7
O—2VaEWNRELIELEDOMEEAETH DN, HED

TROBICIE 70— THbELAETE AL, aX
METENFHELZRINT 2 L ESIND, D
X0, DIEMAFERETHRL GG OEEHEERE
IKDOWTE T 2R0END S,

T TAWIZETIE., BEVEEMEAR AN THEM L 72 X
FREE /70— BRUOREOHERRHET — 22 H
W, EEGURMZ RS U@ X 2 8m/85 A —
REHE Lz, B, BEBREZHE L. MEH
AFZra—YTEN LG ERETEHE M LSS
DENFNICDWT, HAEEERDORAZ R 2 THl L
Teo DIEMAF OBILOBRICH W KH DO T — 21
YR 70— Y OBEMEAEICEIZEDTH S, LIh
ST, 7a—rTEKLIEGEOEERRIE, 70
—VDEERET —EZPERDIEIIRT A= EHNT
EEBEKICKOTRHTE S, —/. FETEKRT 25
BICDWTIE, WIERBHC X % B ki DENENEE
MICEELTWR L PRHENZDOT, R 7o—>
EZFDOBROKFERREDOB TFHEZHEBIL, 71
— > (X) OFEEHEAE (Y) IS U B K7 FH BE R
(Correlated Response : Falconer and Mackay 1996) &
Hix UicllBaEic K 2 8nEgRa2ilE Lk,

2. MRLE Jiik
1. MR EETEREDSE

HEAEFEIEMEFI A . 1994 £ 5 2006 i h 1T TR
FEMSG., LREGEAER B X CHEREGEERER O 3
OB EM 7R (7 a— 8T ) THML &
(Table 1) » F7z. TNETICHBFOEFLHEICKD
FEiE S N T AFRE SR O HEIES B ERE R NRE
NTVaZ s (KRBT 2002) . ZOHOBEERE
HARNTHES NI T — X ERATICHE Lz, 2TOTF
— 2k, T UARBEM 22 EAr, FAEMEMK S Eric
BT, 1996 FEH 5 2001 FICHHE LR TH 5.
A DORRENE. BHEMOAFE IR IE O B FIR R
HTHO., MEME 3 KEOEBETH > T2,

FHEMA L LT, MERTIRERENZKEZ R LT
k7% 5 ik, BEEEMREFRTIE, &#70y P05
3k DOFEE L, Bl Z B 5o, HEAIE
PEDFHM . MEF T (1994) @ THEAEEEMEICBI 9 %
A HEMEE ) ICHECTE Ao, TOFMTET
3. BRI EDBHEAEICDVT, BIELEREOEE L
K&z DMEORZIRMTREEL., TNEZHRA
THEZ LI 1 ~5D5EBEDOFMiZH %5 £DT
H2, FHEMEO 1 FHEDOBEERMFT LA LRV &
BHRELU, SIEDL IS > TEfE DS LR B & U5
LENEDZVC EEET,

DI AF ORBOYE K Z S & ICHHAEZ 3 il
BIcX U, kT &ic 7 — 2 2N LTz, SHEE
ZNEN, HARWBFIIBEMX & HARWE AR E X
ZE U HARME I, ERERX LA NS X

MG AT ZEmS 55 11 % 4 5, 2012



Prediction of pollen reduction using selected less pollen variety of Sugi (Cryptomeria japonica) 199
propagated by clonal cuttings and open pollinated progenies from clonal seed orchards

Table 1 HEAEASIETEFIA 72 S U 7o A A th O 2
Table 1 Description of the sites used in testing of male flowering characteristic.
s A FREAE At HEhEpRE IR el i
Region Site Established year Experlmental Propagation Number of Location Altitude
Design Strain (m)
A LB AR 1963-1964 RP C 303 FSHUR A G 400
Japan Sea coast [P 1969 RBD C 10 ) IR EG T 225
P 3 1970 RBD C 10 A BRI T 300
Pifa 3 1970 RBD C 18 UL T 90
PHfE 6 1972 RBD C 19 FE IR RE 110
PEEEAT 3 1977 RBD C 21 W IR 2 T 640
PHIT 13 1973 RBD C 10 SRR AQNT 275
PR 1 1970 RBD C 20 S EUR TN 700
SRR 1981 RBD P 32 SR S HL 50
R - W N BAPE &R 1967-1972 RP C 492 f | L UL ST 140
Kinki and Setouchi P§= 9 1976 RBD C 7 —HIARERF T 480
Districts 7E=10 1977 RBD C-P C12 - P16 —HILKENT 120
PEEAF 1 1975 RBD C 18 TR IR A Ly 555
PESE 8 1972 RBD C 8 SR gy 200
PEEAFS 1973 RBD C 10 2% RV S IR 280
FEEAF 11 1976 RBD C 8 %2 BRI 650
P 27 1977 RBD C 35 e (LU SE AT 600
vEIL 19 1982 RBD C 15 (AN eyl 450
Tl 43 1980 RBD P 19 f | L U7 ST 520
[4iEs) P [ B (A 7 1969-1972 RP C 294 IR ET 50
Sikoku island Py 1-2-3 1970 RBD C 18 FR ST 775
Uz 53 1974 RBD C 5 FIRRG Y =Bl 450
Puzz 57 1974 RBD C 6 Bz UG 425
PuzE s 1970 RBD C 11 B UL AT T 600
Py 59 1975 RBD C FRIL N THT 200
Uz 54 1974 RBD C 6 R PESEIT 350
VU 4 1974 RBD C 7 B UL AT T 400
MU 27 & 1977 RBD P 14 AR A 420
MU 35 5 1980 RBD P 16 AR 420
RP, 5IREER X ; RBD, fLELEIC X ZaBRIX ; C, & UAH ; P, 522E1,
RP, Row Plot; RBD, Randomized Block Design; C, Clonal cuttings; P, Progenies.

FOUE - WP N, B X PRI EREX &
=] 7 7 B ML 72 5 5 P ] b ek & Lf:o k. BAMER
MO B K UEREMRD AR, SRIXD Uk
HJE N TR & T RS LRI & D*%EJZ%TL’CL\%O

2. BERINTA—ZODHRE

Ja—yDEELOMITIE., BREIEMEEFERE I L
ﬁ*ﬁiﬁi@fﬂ v N EEE BT, R D o Hi &

K FOMMET N ZREL TR ZIB %>
f:o

Xy = W F 8 7(8)+ ()t ¢ (ex8)y+ ey (1)

T Ty ld i HEOMEHD j BREHDORED k#HH
ORBEXRD IFHO 7O —>D 7Ty bEME, .
siv () Y el (eX8)y B X Ty ld T T N,
SR, A O R, A OKIE ] ORI,
A OFMEFEREDOME., 7 u—2I10%E, 7
O— ] LA i O GE R HAEM., iRETH 5,

X (1) OFENTREER & F S OMER D %2 S &I
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Bk EHEEL, 7a— Y FEEORER () %L
ToORICKOHEE L T,

hX2=cf/(02+ccf/s+02/rsy) (2)

TTT. o Era—2%h ’*Sz\ o k7o —r Lild
#ho> GE ZEAEH . ol EREAET L s A AL,
rid#ES 72D ORIEE. y IFIREFRTDH 5,

RERROBIMEORBRITIZ., HEHOBED DR
iz CHEMMOMRRMOBEEN DT> T T
B, RO EM T LICLATFOMMETIVEREL T

TETT R B ko iz,

Xk = H+V+y+ﬁc+8yk (3)

CCTx, B iBEADOKHED j BHEHOHAEERD k F
HORRZRO Ty FEEMHE, po ri yy fis BET ey
FENZEN, 2EFEE KB OB REFER O
IR, RREOWME, BBETHD, TOREIHTIEM
EMBNTEBIGoTlzd, ZTHhHRDIZELETHL
((Sf) X GERBAEH MO EENT VWS, T T,

LHAEM D EE RO I8 (o)) ZHEE T B 7
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O, ra—VOfi TR LN ERDEE GE R AAE
HAaBOEENRRETERCTHE EIREL, RED
BIZE (o) % GE 2 HAE DY (op) L AHAEM
BRU BRI L (o) I 08I L T

T LIEESH. GE R EEMDEMEB X UEAEY
e fHOT, RRPFEHEOBEE () ZLL RO &
DHEE L T2,

hyz = Gf’z / (Gf'z + cf’sz S s+ Gez / ry) (4)

TTT. o BRRDH. op BHRFR LA D GE
REAERATETH 5, HE. LLEDDEU I &
JTORSEX OB I, BMOKEMAEREG 2
—DEHENTY 7 F SASOGLM Fa ¥y vz,

sua—YDOFEEE (x) EREDHENE (y) DX
R Z XX TRD Tz, BHIHDOFEREMROEIE 1 ~
2T Dot D, KO EEEDOE VIR
RO BTz, KUK D 3 HIBGHS hATDT— & 7%
e LIt Z RS Tz,

ry = Xeov(xy) / (Fo,” x $o, )" (5)

sa—YeREOHBUMBIOEGHTICH B 5EIC
¥, iHEDOT—XZOMOBREHBIEIYO LAY
(Adams et. al 2001) , T D&, (5) A THT LTz £
BRI (r,) Z& 21, 70—V OB x) &EE
DHEAEN (y) OBEHBEZ XU K DRz (Burdon
1977),

Fexy = Txy /(B % hy) (6)

CTTC. hd7a— VP EORIEERDTITR, by
BRARATFEEOBLEROTTHIRTH %,

3. BEREGEDTFA

DIE A F OEKDBICIE, Jo—2DOEENRE
MRZELICHML, EERLTWD, 22T, MEWM
AFXHE S UAEHZEDO 7 O— 2 TN UGS O
B8 UG) X, yo—VoBEEERHRET—2z2db ki
BHLUENRNGA—=—2ZHWBLUTFORICXDFEL
7zo

AG, =ixhlixop  (7)

TCTT,iRPIEMAFOREBEE, hZZ70—
B D RER, op 1d 70—V FEEOREHEE 2 T
B2, VEMAFOBKOBICTIE, EEUEN DEBUE
ICRABEINE I O0—DHh bR LIz, 2Dz,
PIEM AF OEYEEORINICH > TiE, HELK
Ju—YDHTI DGR Lic7a— i d
2. PEMAFOERBOE AN SFHE L T,

DIEMAF R RETE MR LIZGEOEE R, o
OB 70—V EEZE IR KL TWVWS T2
O, REOEEMRET — 2 ZHVWTERIEIT 5D
Y TIE RV, COBRESE (4G) k. Fu—r
(x) OBIRITPENTE (y) ICAECBMHBENIEE BT L
T. U TMoMEEKO THIRIC K DFHE L7 (Falconer
and Mackay 1996)

AG,=1% hyX hyX Fg % Gp, (8)

TCTTC. ilRDIEMATOREME, hi37a—
EHED KGR OV, by BRRTFEEOBIEED
TFR. opy FHRRTEMEDOEEERETH 2,

B U HESTERROBEESRZH VT, 71
— > E PR U A Ok % O M O EEE B
BOTFHE (P,) & MEEER U255 0REDFEE®ZO
O TR (P) ZLL FORXIT K DRD I,

P,=p, — 4G, 9

P,=p, — 4G, (10)

T T, n EEKATOEMOBEEEETRE DI 1
— VYA, AG X7 a— 2 OEEEIKIC X 3 E5E
.y ORIERT O LM O ML S EIE B O R R R T
i, 4G, \FMHFGERIC X 2 FREDOHEBEHRTH 5.
R AT DOWVWTIR, 7a—rOiHEHOBBZ \Wizdic i
BT eI Z TR LAY,y iSOV TE A DM
IO DI NIz, Mz RE L EEME LT
o LRHEYITHEVWEEAZ, 32X O TR
RPEZRFIE L T,

BERBEOEMOEEE LD TREICDOWT, &
B - AR (2006) D kA2 -V TR D 72 © D1
fEEE (V) ICHEBEH LTz, &, =@ - Ak (2006)
DFHEFRMETIZI0~3 D 4BRBEOIRBTHZDITHL
T HRNE 1 ~5DSREDIRMTHRAEZ R L T\ 5,
Tligadit & U T, 4 BB DOIEE (o) & 5 BEDHRE (B)
D 2 FEFH D FLHEIC X O B D A — Ml 1A 72 K G A5 6
BTV, WEOBGREFANIAER, LU0 —X 0
ATCHELTEE (r=0.93),

a=1.068 — 1.02 (11)

X (11) Z& &Ik - B D X\ G2 — B2
L. UTFORZHWTIHEER L,

Y=264.14(P — 1)*+ 73.539(P — 1) (12)

2T, PR Icks P, HB0EX (10) ok
5P, THO, P, DFEREE Y. P, DRI Hufl
%Y, LELT 5,

3SR EER

1. BIEEBTREHOLRARTHERKEOER

rua— v FEEDHIEE RO 2R T-HME, T
Pl R — 2 D FEHE (R 72 35 X U E B {R 5% Table 2 1Z/R
T, T Dy m— 2 EEEIE 1.20 ~ 1.56, K%
FEEE 1,16 ~231 TH O, WINE PUEMIE TE
fEENZ WEMD D -7, T, 77— EFEDT
iz ttigd 2 &, HAREREE TR 7a—2bd
IMT R D Fo S TRk - W N & P [ U T
KEDNED o Tz, —WRICREDWEMM & LEXTE LA
BRI TR EEEN DN ENIISNTED, SH
DT =25 EMARZ OB RENT, RHEB O
LOEDRESEZERTEZHFRLZI. 7u—2TiE31.1
~428%. FEETIE115~194% LI NEFHOE
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Table 2 HEAEAE{EFREOD THIME, FEHERR S K ULTREL

Table 2 Mean, standard deviation and coefficient of variation of male flowering scores.

Jua—y FE
clonal cuttings Progenies

s e Opy ZEHRE (%) P Gpy ZEBIREC (%)
Region Mean Coefficient of Mean Coefficient of

variation variation

C.V.(%) C.V.(%)
H A+
Japan Sea coast 1.39 0.43 31.1 1.16 0.22 19.4
T« W i
Kinki and Setouchi districts 120 052 428 1.59 021 13.0
PUFE
Sikoku island 1.56 0.53 34.2 2.31 0.27 11.5
ik
All regions 1.38 1.69

Gpvs 7 = S RN — R DR ; o, SATIIEN— A0 BEFEli 22,
o, Standard deviation based on variation among clonal means; o,, Standard deviation based on variation among family means.

ThHO., Flic7o—VTRERBICKEEERDID S
T EhRENT,

EEOFAEMZRE LIEET VR () ICKD Y
H—YDHEET — R %270 H Uiz H % Table 3 1
R, Za—VEEARETOHIBTER TH -7z (p <
0.01) o —/7. HARWFMUS LT E - 5 N T,
su—rEeiREMEO GEREEHEERTHD (p <
0.01) . ZDNHERTIE 7 a— VB EUR Y & [FF
WICRKREMN -T2, Me— GERAERMDEETIE -1z
PUEM T, A ERIR & SRR OB 5 2
BIZEPLTWDIIH LT, BETH- 2 il
1. ALK L Tz (Table 1) » —f&HY
HEME LT, AEMBORBENEENSICIES T, H
HOBRBEEKHOEWHRKEL EDZEEZLND, AF
DIFEEFERIZ. EF ORISR SEM DB 22T
BT ENREENTED (KBl - £45 1993) . MK
TREEMEDEOHRZINE, BlcX-> TEER
DBXNCEFNEL 2 EEZ SN, ALK
LTz 2 HilKic B Cid. FAEHIRE T B XIOR
—HMWEC, ThICKDEBEERO 70—V EITED K
TINARYE—IcED, GERHEEH e LTHRE S
AHEMED D B

REDENRT —REMEETIVA (2) ITX D85
Hr U7z R &2 Table 4 IC/Rd . T OFMEH THRIM
ZEIAETH-72 (p<0.01), LI TZHEFIC XKD,
REDDTEE D2 7O — YOI OEEE &
IZ o & oop] I EI L AR, HA R T 16.9
% & 18.5%., & « WP NI TIX 5.5% & 4.8%.
PUEHIER Tld 6.5% & 0.6% & 75> Tz,

2. BIENTA—ZEBIERDEDFH

DEH RN SR 27 0 — 2V FYE O 18R
(h?) 1% 0.47 ~0.64 TH O (Table 3) . KR FHMED
WE% (b)) 13043 ~0.82 TH- 7 (Table 4) . Th
FTIC. AFHKEIER 70— > OEIEBIENEDEIE/R S
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A= ilBih & Ll kT EFl & LT, JRBEDEE
13 0.076 ~ 0.263 (M5 1993, FHS 1996) . 7
00— 2 B O K IERIE 0.667 (EED 2001) &5
MEDNDZ, COXIGHHBHT L D7 va— 2 Ok
WKIMA T, SHOEBEBZHKES LIz n— 2 Dfif
i, BEORERROMHTICBNTE, HEEBEMER
BN Z07E0 OREZFTVWEEETHA L
MR E NIz,

BRI A—2 LBILEGR, BXUTDIERAFOD
BERIC K B HEIED A E D T lFE R % Table 5 12/R7,
R TcH2 70— ZDOBROEEFKROB FHIE
ZH (5) IC KD RD AR HHBREL 041 TH o Tz,
5, #EEMAEZR (6) ICK D RDIIER. HBEIFR
13 0.56 ~0.86 TH > oo AFHG UK DMEIEEER
BT —ZICDODWTH FHBEZ kO @ & LT, H{H
5 (1993) I FAHBIMRENS 0.532 L RELTEH DO, 75k -
B3 (1998) 1% 0.271 ~ 0451 LRELTWVWB, Tz,
D (2003) d b/ FHEMOB FHEBICDOWVWT,
FHEIMRE0Z 0.119 ~ 0.834 LHE L TV B, SREIEH
U7 HBE R B . BE & IR DETH > T,

PIEMAFZ 0 — 2 TER LGS DEEEETE
HOBEESR UG) LRETERLELGGOERK
HFE (UG) X, TNTN 034 ~046, BXU0.14
~0.16 £L7x>Te DIEM AF OEKICTHB N T,
HEHOPCHEEERIERMDN N E W I o — 2%k %
7, AT AHADOREKTH B, TDRD, #Eifitk
DHEMOMIEB LR O TRMEG RHEM 5 T h
LOEEBEREZWCIMETHL, 7 u—2O Tl
il (P) 1 0.74 ~ 1.11, E4E O Tl (P,) & 1.53 ~
1.55 &7 > 7 (Table 5) o TDO X DI, FEHREM DM
TEAERE O TRIME I BEMATFEE L LEXTIR T L,
{EFHEX SROREDNIAFFTE S T LW RE NI,

X 5T, RHEMEEE &R IEE M O TG 2 fEE S
TEfRE D DIEfEE RICEH L. HEIEE 5 T OIERE X,
WENRERF Lz RHEMORBEHBORFEER, 7o—
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Table 3 7 00— DEEIED I HOIMRR, TN OFERE X7 00— PO KEH
Table 3 ANOVA results for male flowering scores of clonal cuttings, percentages of variance components and repeatability of
clonal means.

HA T - W N Py ]

Japan Sea coast Kinki and Setouchi districts Sikoku island
LA df MS vC h? df MS vC h? Df MS vC h?
Source of variation (%) (%) : (%)
Jyua— - - -
Between clones 316 0.88 189 047 535 0.77 19.5  0.54 294 1.18 252  0.64
At - - o
Between sites 7 5.04 11.7 8 2.89 27.2 6 5.55 13.6
AHIN 1 . . .
Between blocks within sites 14 0.51 0.9 16 0.34 0.6 10 0.35 0.0
AN AER e - o
Between years within sites 34 3.56 14.0 43 2.92 12.3 18 4.03 9.0
Ja— Xt (GE s2HAEH]D . . s
Interaction between clones and sites 87 0.76 206 83 0.47 19.3 46 047 24
s 1961 0.16 339 2014 0.11 21.1 1051 0.36 49.8

Error

df, I s MS, S5 5 VC, DBULG OFF 55 5 h 2, 70— FED K ; **, p < 0.01;ns, p > 0.05, X (1) OFFLETIVIC K B 08057

Wiziscizolz,

df, degree of freedom; MS, mean square; VC, percentages of variance component; 4 2, repeatability of clonal means; **, p < 0.01; ns, p > 0.05.
ANOVA was calculated by the linear model of eq.(1).

Table 4 FEAEDBIEIEDTHOIMHRER., 0 H DF LRI L CFRTEO AR
Table 4 ANOVA results for male flowering scores of progenies, percentages of variance components and family mean

heritabilities.
Hinksk AL ZTHH df MS e o) 0,2 h?
Region Site Source of variation (%) (%) (%)
EENTES S B AR 5% Family 31 0.91* 353 16.9 18.5 0.52
Japan Sea coast R Year 5 0.10m 0.3
<18 Block 2 2.75* 10.6
#%7% Error 537 0.06 53.8
T« WA g =10 K% Family 15 0.43* 7.7 4.1 3.6 0.39
Kinki and Setouti districts R Year 3 6.98" 51.5
<18 Block 2 0.34* 1.4
#7% Error 163 0.13 39.4
Pl 43 F% Family 18 0.95** 13.0 6.9 6.0 0.48
X Year 5 2.81" 13.7
<18 Block 2 11.07* 28.1
#47% Error 316 0.19 452
w 55 48 0.43
Jus]Es| P 35 %5 F% Family 15 1.06* 7.4 6.8 0.6 0.83
Sikoku island ER Year 4 32.59* 79.0
<18 Block 2 0.83* 1.1
#3472 Error 218 0.09 12.5
VU 27 = K% Family 13 1.07* 6.8 6.2 0.6 0.80
ER Year 4 29.16* 76.3
15 Block 2 0.67* 0.8
a: Error 190 0.14 16.0
p;ggn 6.5 0.6 0.82

df, FIHE ; MS, *H3 15 ; VC, TERURD DGR ;5 02, TR 0,7, GE ZHIEMNH ; b2, FRHIAEDBESR ; **, p <0.01; %, p <
0.05; ns, p > 0.05, 2 3) DFBETINC KB DM EB T ix->72, 2 (1) DFBETIVIC K 208N SHEE LTz 7 n—2 e
GE R MORE R FRROMMES 02 KB L, o7 & 6,2 ICHEILT,

df, degree of freedom; MS, mean square; VC, percentages of variance component; o %, variance component of family means; ¢, ?, variance
component of GE interaction; hyz, family mean heritability; **, p < 0.01; *, p < 0.05; ns, p > 0.05. ANOVA was calculated by the linear
model of eq.(3). 5,>and 5,2 were calculated by the ratio of variance component of clonal means and that of GE interaction from ANOVA
result of the linear model of eq.(1).
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VDL 136.8 ~225.3g TH D, HEDFIHE
1% 30.8 ~566.3g ThH-oilz, FETIE, KB OLH)
A E IS Feteth, 3 Ml E & o7 D 248.7g 7 3
HORMEMPE & U TR OEITIC Wz, IR
THZVEMAFDO I O—rOFHlME (P) DFRKZE
Hafi (Y, W&, HARWREHIETIE 3.7g, MY E M T
11.7g L7z o7z, a - WP Wil Cld~ A+ AD
lBLxo. EfZTRHENESNEh 5T, DERM A
FORED TR (P,) OREAEHAA (V) & 112.9 ~
118.6g L7x o7z, TNE D & FLEEH U T- RHE M F
BEEOlRIZ, 70— Tld23~52%, FHET
3454 ~477%ThHolz, ThabbH. VEMAF%
Ju—rTEKRLIEGHI, —ROAFEMA GG
D5SBLLTREEIC, FETER UEEAICIE S0%LLT
FBEIC, ThZNHEEREZRADTE2 T ENREN
oo 70—V OTFRNCHBWT, Tk - W7 NI T
FIEHER PHENME S NI > Tz, ZORIKE LT,
HET —2ICEENDZIMEEDOT— 2D EICK DR
EHPEIENENCHEES NIz EABEZ B NS,
- K (2006) &, T o — U RREM & FERE

MIC B 2 BEEIEMOSZERE T — X MM L.
HEEN DRV FN R EE K LG EOEEERD
WOMBIZOVWTHELTWS, 3 BREED K %5k
A THAE LR, BEEMOMEERIE. 70—
UHUEMTIE 8~53% 1T, HEAEMEMK TIE 37~70% 1
WHTBTLEMELTVS, TDS B, Kz LH
FEE D BEHCENAITHIYG 9 % FEHE (BB RER 5% Al )
THRBE UG R T, 70— ek T igo i 2
FD8WIT, HEMEMTIZIAFD 37%ICFNFN
HEEEENK DT B 2R LTS, SO
BT, 70— D20TiE, BESORELIEL
REGHES WM S T2, FER DO TIFERED O
HEEX10%1F EWPNEDI D E B I N, EAE
TOMBEMREOE N, EHEEK & BEEREOENIC
K2EDLEZENS, Txbb, HkEDIXHEEME
MOFEMMZ S &1 EMOFRREEEZEKRL TV
BOICHR LT, AT 7 a— 2 OEEEOR %
LEICHRREMERKLTHY ., #H MO s %
HELTW A RITEEESEN NS CHIIENEL
DEEZBND,

Table 5 1E¥ DD A OB R, 7 10— > L GEROBIFHHE LBAHHBY, 3k 0 REER O EEEREE & M EE &
D, LIS RIS K U kR QUM OIEESTER R & HEE R = O Tl

Table 5 Intensity of selection of less pollen variety of Sugi, phenotypic and genetic correlation of offspring and one parent,
genetic gain and predicted value of male flowering scores and male flower weights from response to selection.

ra— e
Clonal cuttings Progenies
REEM DT B R DL O T HIfE REEM DT S R D O T
Population Predicted values from Population Predicted values from
mean response to selection mean response to selection
S B FHEE T & b 414 RHEI T £ bt
Region i ry Tn, M4 Weight 4G P Y  RatioofY, /mean n, Weight 4G, P, Y, RatioofY /mean
(g) (g) (%) (g) (g) (%)
H AR+ _
Japan Sea coast 1.71 0.83 139 159.1 0.34 1.04 3.7 2.3 1.16  30.8 0.16 1.53 1129 45.4
T - W
Kinki and Setouti 1.67 — 0.86 120 136.8 0.46 0.74 — — 1.59 149.1 0.14 1.54 117.7 473
districts
VY[ _
Sikoku island 1.30 0.56 1.56 2253 044 1.11 11.7 52 231 5663 0.14 1.55 118.6 47.7
itk
All regions 0.41 1.38 1738 1.69 248.7

i, BTG & LTe 7 b= 2 HUSHTS 2 IER DR AR DB G 5RO TEEIRGRE ; r, |, 7 01— ERROBIFM 5 v, |, 70— ERARDIE
EHABE 5, HEEAERR B 27 0 — 2 B0l ; 4G, 7 10— 2 OESERIC X 28 (Z81E ; P, 70— Yz 88k Ui a okt o LMo
TEFHESR RO TG ; Y, P, Z A8k T2 D ORHERRICTBEI LI | 1, BHESIERODRFR I ; 4G, FEDORHZBEIKIC & 2 BT
[ P, SRR L5 0 OB O KB OBIEEHER MO T ; Y, P, 2 Wtkd b OBERRICIEER LI, PR (9) 12&D. P,
F (10 ICXDEME LUz, BHEATERED SHHERERAOFEZEWIZ X (12) 2RV, Gk, FETRMIT & ORFERITLN D a7
fes. RO FEMER 3 iz /HiG LTk,

i, intensity of selection of the less pollen variety of Sugi which is calculated from the proportion of the population included in the selected group; 7, ,
phenotypic correlation of offspring and one parent; r, , genetic correlation of offspring and one parent; p, population mean of the male flowering
scores of clonal cuttings; 4G, genetic gain of direct selection of clone; P, predicted male flowering score of selected clones; Y, converted value
of P to male flower weight; p, population mean of the male flowering scores of progenies; 4G, genetic gain of indirect selection of family;
P, predicted male flowering score of selected families; Y, converted value of P to male flower weight. P was calculated by eq.(9) and P, was
calculated by eq.(10). Conversion from the male flowering scores to the male flower weight was performed by eq.(12). Since progeny test sites per
region were few, population mean of male flowering scores of progenies were calculated with pooled data of 3 regions.
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3. EBOBEMNERITHG LT RIERDORER

PIEMAFOE K e UTiE, HREERED S LA
WzRHT 5. BROMEMAFITKORREN
ZI=F a7 REREOREZFIMATZHRAEWS N
TWa (HES 2007, - 58 2010) o A& DK
HEICDODWTE, SEO 7 a—2OFRRERNEDE
FWMATEXAD, BEICOVTIE., SRIOFEED T
FREBIIELTOWERWETDH %, SHOEEDT
T TIVIC Wz d A RS DR R A 3 P O H RS
HRATH D, BT DOV TIRIGEEOEMTH S,
TORS, TIhoROIEESRRZ. BIBETED
PRBRREOBENEFOHZEE L TCFELTE
D, THUTRHEORESRICHYT S, L L, FE
DI =F o 7 ERMEFEORE . WH L BICDTEM A
FTH3D, SEHEE UT-BHE O BRIz ¢,
TEMHOWNEN R AT TEZ 0T, FHEREMKR Y 0
— U ERYRLUIBOBEEEERIE., KB ORMERT
HELEEDD 2 HEMEAENS (Namkoong 1966)
Lo T, DIEMAFTHREINE I =F 2 7 H#fE
REEREIC DWW T, Y80 5 DIEM OB RN EL T
ENE, SEHEELEREO TRHIME LEXTESIC
RKEGHAEEERDOBDNEDIAFETEZELEZ LN
2o

KETEKR LG EOTATIE, HHOMEZ £
EDTRIMNTE R, Bzt GE KA
ER D EDEECE o s ZTDRE, REIKDOV
TREMOHORIEZO— VO SHEEE N b
RERUTHBERELTRIAE LR, —RMic, &
D BB H T 2 EEH T EEERNKEVIEZ EE
WeEZLNSTS., GERAEHDOE LT X idE
fh, KR, 7o—VOIHICKELZRZE0DbNTWVS
(Kleinschmit 1979), L7z > T. EBEEEEMREN
DIE 5 M GE ZAIEHDEMNNE L, Bianlo#Es
NEnc EDHENG, coky, EETRHRELE
BRI, BBEXD & THEEZ D REOREMEMN
»H %

AT KD, HEEEETHIETREMERPRKENT
& (Table 2) . BXUEBWSZENKZWVWIEETH S
TEMRENTz (Table 3, 4) , Tz, DIEMAT %
AR U2 i, £ O E O EAEAE E & 72 ) AT EE b
WZDWT, 7 a— & REDE N FHEINC RN T T
N 7Z15 2 C LD TEF (Table 5) » TNHEDHIAIX,
DIERD A F O [ 7 HEHE T 2 17 BB 5 D B A F
DIA—P—AGFHHTZEOHHRE LT, ARICIEHE
N3 NP/ ENS, LF. SEBROERREE
DEZRY VIHET —ZREAHFEDOLRRT—2h 5
BHHET V2R L. MTEICmET 5268 D74
L M R HEE T BAlA DD SN T WS (T
2009, {15 - #3K 2010) » AFFRORERE RN S, D

TEM AT " 70— T8N UTIGEICHETED k&) 531
BRIICEW T EARENTZT &5, fEMmFRAETR & H#
EINAHIICIT T UREZEBELTERT ST EN
RN THBEEZONS, SHBOMEL L TIE, ¢
TICEEDIHE > TV B DEMAFOEEEZE =X
VY72 eNRETHB, £io, HEEAERIZH
HEOZEFHMRKENT ENRETINT VDI EMD (
FREF T 2009) | HUIC X > TRHEMEMN A S C &
WP ENG, Liehi> T, SEfiEl L7z E fE
ARRL ORI DWW T &, DER A FZRF L7235
BOMIEEEEOWPIREAB T S B LE
ABo

o

AW TRITICH W EIEEIEERHET —2D 5
B, BEEEELY, (LB E R AR F5 K TP B G AR A
FOEDIE, BENEREGOBENRE L, £k,
DD 7 —ZIT DV TIE, )RR, I
ma s -z — ZEERRERIET. W ER
Mt > &— SR BRMMMES > 2 =ikt > %
—. REEGKEI 22— SHUR R & UL
MEERABRYE . B LSRR MOKPERR & & > X — RARIEFE T
IR AR RS B Bt 2 > & — . BRI R MK PET IS i
MEMIEL > 2 — @ARLARMEAN 2 > 2 —T17b
NIEAEEEERED T — X ZRTICHVEE TV
Wiz, LLEDOBBREMICIREBHH L LT3,
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