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Yields after Open-, Self-, Intraspecific-, and Interspecific-
pollinations in Chamaecyparis obtusa (Sis. et Zucc.)
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AT 4 A 26~30 HICIRD 139 L7c, FRILIE 10 H 8 ~14 MITEIEL, b SREORE 4
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Table 2. ZZMCHLA & HRERHEER S X O AR K
The number of female flowers pollinated and mature
cones in each mating combination

it B # Male parent
ol pars » B
Female parent C. obtusa C. pisifera Open-
_ ~ _ _ N _ pollina-
016! 0-17 | O0-18 P-4 | P-19 | P-20 o

0-16 SELF? | INTRAY| INTRA | INTERYV| INTER | INTER | OPEN?
: 130/742 | 60/43 | 120/50 | 36/21 | 136/78 | 137/74 | 107/88

Chamaecyparis 0-17 INTRA | SELF | INTRA | INTER | INTER | INTER | OPEN
obtusa 132/66 | 144/67 | 168/90 | 32/32 | 80/39 | 99/56 | 216/139

0-18 INTRA | INTRA | SELF | INTER | INTER | INTER | OPEN
46/39 83/45 | 92/60 | 67/39 | 75/28 | 104/66 | 84/80

INTER INTER INTER | SELF INTRAi INTRA | OPEN
502/310 | 463/127 | 430/182 | 468/257 | 411319 | 120/105 | 164/ 146

Chamaecyparis P-19 INTER | INTER | INTER | INTRA | SELF 3INTRA OPEN
pisifera : 364/69 | 205/101 | 143/42 | 174/140 | 180/112 | 157/104 | 232/179

P-20 INTER | INTER | INTER | INTRA | INTRA | SELF OPEN
| 605/466 | 434/303 | 487414 869/783 215/179 | 408/337 | 233/214

1) =¥ fk =X Type of pollination
OPEN : [ 4R 3 ¥ Open-pollination
SELF : H % % %@ Self-pollination
INTRA : FiR{h#32% Intraspecific-pollination
INTER : f ] % ¥} Interspecific-pollination

—HESRMEIES No. of female flowers pollinated
2) 130/74
AR TR S No. of cones matured
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Differences of cone yield as % of female flowers among pollination
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© : ZHERGSEST  Average of the type of pollination.
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Table 8. B IUZBHERFREOKE X, BRE, 1EHEHD 2 2%
Cone size, ratio of height to diameter, and number of total seeds per cone after open-, self-
intraspecific-, and interspecific-pollinations in female parents

| | : » : & BN
B iams @U;@H}iﬁ % Cone height F cone diameter ; Ratio of height |0 % %34
0. O T — | :
berent | poliaton | cones || Bk~ @) | EZBEH | F 8| Gk~ | Zosn | v 4 zoss | o6
measured| Mean (Max.~Min.,) C. V. Mean (Max.~Min.) C. V. ; Mean C. V. per cone
mm | % mm \ [ ‘ %
OPEN 50 10.0 (11.0 ~ 9.0) 4.6 10.7 1.7 ~9.7) | 4.8 0.94 | 2.5 37.2
0-16 SELF 50 9.6 (10.6 ~ 8.2) 4,9 9.9 (10.8 ~ 8.5) 5.1 0.97 2.8 41,2
INTRA 93 9.3 (11.0 ~ 8.2) 5.3 9.7 (11.3 ~ 8.4) 5.2 0.96 | 3.6 37.8
INTER 121 9.4 (11.2 ~ 7.0) 7.0 9.6 (1.5 ~ 7.5) 7.3 0.98 4.1 37.6
OPEN 50 9.9 (11.5 ~ 8.5) 6.0 10,2 (11.5 ~ 9.0) 5.9 0.97 | 3.1 37.6
0-17 SELF 50 9.4 (11,0 ~ 7.6) 8.0 9.8 (1.0 ~ 7.9) 7.5 0.96 3.1 35.9
INTRA 100 9.4 (11,6 ~ 7.4) 9.7 9.7 (11.7 ~ 7.5) 9.3 0.96 3.2 33.9
INTER | 121 9.2 (1L0~153 100 9.5 (11.0 ~ 4.9) 10.3 0.96 4.9 32.9
OPEN 50 10.5 (11.5 ~ 9.0) | 5.4 10.5 (11.5 ~ 9.7) 4.1 1.00 3.1 27.6
O-18 SELF 50 10, 3 (11,7 ~ 9.4) | 4.9 10,2 (11,0 ~ 9.5) 3.6 1,01 3.9 32.7
INTRA 84 10.0 (12.0 ~ 7.4) 6.8 10,2 (11.7 ~ 8.7) 5.1 0.98 3.6 30.6
INTER 117 9.5 | (10.8 ~ 8.6) | 4.9 9.7 (10.7 ~ 8.5) 4.4 0.98 3.8 29.3
OPEN 50 5.8 ! (7.0 ~ 4.9) | 7.2 5.7 ( 6.8 ~ 4.8) 7.4 1,02 4.4 13.2
P-4 SELF 50 5.6 | (6.3~ 4.5) 3 5.3 (6.1 ~ 4.5) 6.4 1.05 5.2 14,1
INTRA 100 5.9 (7.0~ 48 6.8 5.5 (6.4~ 47) 6.8 1.07 5.1 15,0
INTER 150 5.4 (7.0 ~3.7) ; 12.5 5.1 (6.2 ~ 3.5) 11.7 1.07 | 5.7 12,7
OPEN 50 6.1 (7.0 ~ 4.9) 7.7 6.0 (6.8 ~ 4.8) 7.1 1.02 4.2 13. 4
P19 SELF 50 5.4 (6.5 ~ 4.4) 10.6 5.3 (6.1 ~ 4.3) 10.6 1.02 46 | 12.3
INTRA 100 5.4 ( (6.6 ~ 4.2) 10. 1 5.4 (6.5~ 4.1) 2.0 1.00 5.0 } 12.8
INTER 142 .2 (6.2 ~ 4.0) 10, 1 5.1 (6.3~ 3.7) 10. 4 1,02 47 | 127
OPEN 50 5.9 (6.7 ~ 5.0) 7.0 } 5.6 (6.5~ 5.0) 6.9 1.05 4.4 1 14,0
P20 SELF 50 5.7 (6.5~ 4,5) 7.7 | 5.5 (6.1 ~ 4.5) 6.9 1.04 5.2 | 14,2
INTRA 100 5.4 (6.3 ~ 4.4) 8.1 | 5.3 (6.2 ~ 4.2) 8.2 1,02 4,9 13.9
INTER 150 5,4 (6.7 ~ 4.0) 8.8 ‘ 5.3 (6.4 ~ 4.0) 8.0 1.03 5.2 | 14,0
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2. HROXEIBIOEIRE

Table 2 IZ/RT &80, HRZHE G242/ 4¥rh 3314 T 50 2I_E O BEAFREHRIE T & 7,
H oL BN 0-16X P-4 T 21 HWOFKES TNz, TNEDEHREEAL, @KFMSHIC20TL
MAEHD 0% LIRE UTEKROM S B R OEBEUE L, 2O FEEEZIRIEERD 7,

£/ FBIOV T FOELIHCEOZHRHANRROTS & HRB XU ZOLTFKE Table 3 107k
9o %7z, Table 3 DML & LICHEHAITEITY, B X OSBRI om®EERiE Uik s
Table 4 KT,

Table 3 TWISHIEERHIC, IRROGSBLOBEHROMIENZER, FFROARS & FEkE L0 T
Thb, CNEZBERNINICAIEE, /%, 75 0ARMIKIZEALEEACILELTNAL ST &

3, &b REVOPARZHERLT, doE&/NSVORIITZMERLTH Y, OFEBLCHAME
ZMBRRNZDRRNCALIE L TNECETH B, COFEAZL, B e /&, 7 F 20T 5 4ERMIC
Do T LR E B2 —H LT 5, BREDINMNL, FEHAMTANEEONED 1 mm ik

DETH B, AWAFTOMM, €/ FTRITS LEEOTLAT, +7 7 TRIET, ZHHRIICE
RIEDDH B LW BN (Table 0o Fo#2 U, WAL Lo bIILIIE, WHEEE & [1AAZHR

Table 4. FADKE S, BRIB L 1ERS 2D 2 FUOTIGME SRR
Average cone size, ratio of height to diameter, and number of total

seeds per cone in different types of pollination and in female parents,
and results of analysis of variance in these cone-characters

SRR B £ O L LERIB 72D 2 Rk
A*J}LF(JL% J: k)‘ Lj JJJ I[( ﬂé ] J ]}( /j\ ILl 1)4 1_}' R /l/ 'U\ Lb 1 14/{\% /~_‘) 51 s ﬁ
Type of é | Total seeds
pollination and one height : Cone diameter | Ratio of height 1 per cone
female parent (mm) " (mm) to diameter ‘ (Number)
Chamaecyparis obtusa
OPEN 10.1 10.5 0.97 : 34.1
SELF .8 10.0 0.98 36.6
Hok * NS NS
INTRA .6 () 9.9 () 0.97 (NS) 1 34,1 (NS)
INTER .4 ‘ 9.6 0.97 ‘ 33.3
0-18 10, 1 10.2 0.99 ‘ 30. 1
0-16 9,64 (xk) 10.07 (NS) 0.96}p (%) 38,58 (%)
0-17 5 9.8 0.96 j 35.1
Chamaecyparis pisifera
OPEN 5.9 5.8 1.03 13.5
SELF 5.6 5.4 1.04 13.5
N NS NS
INTRA 5.6( NS 5.4 ) Log( Y 1&9}( )
INTER 5.3 5.2 1,04 13.1
P-4 7 5.4 1.05 13.8
P-19 .5t (NS) 5.5; (NS) 1.02¢ (NS) 12,87, (NS)
P-20 5.6 5.4 1.04 14,0

(NS) #i%7#75L Non-significance
(%) B5%KHETHE Significance at 5% level
(o) 19KEETHE

Significance at 1% level



L/ FEFTSOHR, AFZMHRERET2REE 2 2OTE e (LA - FEED — 73 —

WTICARE DR R Ul Th - T, 115, FIR{E S K OMINEZ o T I8 T3 5
N -7,

D&, Table 3 DEWRMD STLRFINDERRD K& DN 7 Y FREE 55 &, 0-18 72 & T
MO BN D 27%, ARAETTE LT, ZIHRBD S - & S REOOMSFINZE T, AKZHNE
FOTPRLEEZN M NI E, [IRZNHRLOEDRED S - & H/AE L, HREOKRE & L HDNIL
ZRUtce COBISE T, FIIORREY &—H L. X5IT, I & DD E SO kA& 1k
Il B % & ik E U TR RN SR REEINIT 20003 & O 2RO, M 2 Haic & » T s h
DREAd D, SO G/NETRINT E A ST ATRINVZH T SN ERRD 2 hicAh 51 b (Table 3),

PLEOREIERAT 2 E, v /%, 977 & SFMIENSHASMETRELTH 2 hED, K8Dhip
o TV TREZE RS b - & SITINICTEE L, KR ER, LhrbAX S0 ZA - RIEIC 50
R LT, 114, FEPS, PRS2 S & 983 o o A2 ERILTIE, SR ol BRI I AR 2 C
H o120, TKPEDLD ERE LT 515 EDDIT, BIEESNIMHED £ 5 - THINICTEIET 5 T &S
FhF ot HE LTSV DRRENWET 26D EFZ NG, T, BHATHHNZREITIE, 16
MY ONRRTDR, IR SRR U3 AL D/NRIE S TE R, RESIPAIMICLES
MEIE B, PG - EB/NELBEBDEHRZ L ENTEXS

RROKE SETHMIC AL E T A, B, BERHESZEAEE—LNbN 5 / + 3 TTIDRE
DTN WIS LMD iz (Table 4),

HADOTII AR THR UM T RENLITIRILICONTA S &, Table 3, 4 TUSHhiEBY, &k
ELTe /RIS T X D/AS K GIEANTIRL D R0/, 47 FRINOEIRED 1T XD k& ¢
SHMIRE D DR BREAL N E DS BRI VLR SN TV 528, B E & 20tz st
&/ FOFHINC 22 S Emhsiid Sz, 1z, TRIRMOZEMIR AL TEIRD A S X0 EThiclh
NTHIEDINEIp 5Tz,

REDEIRIICONTIE, AF, v/ +0ET, W—THidH 3V W—EREICRT 5 s 0THN
i, BREDOINChH ST EFE—EEDOT, WMH 2 0IERME DT A TRE LTINS Z EMNTE

Y

5 EWVDIRTASNH B A3, AT, BRIVEIRILE G EVEZE & - JBEINEEE RIS4 C L BUMTH 5 &0
IR D 5o TROBEID SV - T, ATEDOHR L SRR O SF EoMifiizind 2 &l

TERVDS, BREDOKE S SIS LIcETI Th 5 C L3N TH 5,

i, 7a=y, 7oy OREORILAE, THEENE ORIETHRE LY, S SEFREHLD 4
F OFRVEAMEN FZ BRI O AR LD 5 A%, FIHREZMERILDIZIRILE D bR & oo LT D
LBL, E/%, 753 TRCOLDIBEINIASSNIEH -1,

3. 1HRHIDDL2REK

REXIQMEICTN IR, AN LWL, 222 LT 1immAE (16 £ v ¥ =)
DINAKDYT, PP-TebDETRTERATE A EL, ENERREBTHRUTIERES DD 2 %
e Utco PR KON D 1 Bk ED 72 D @ 2 2 %% Table 3 iC, £ 5O E Mlsrbric

ZEENEORERIE Table 4 1KRT,

A ZDIEBPITE, EFTREIICHRELLEOD DL, ZMIFORKEMDIBRIZEAERBF LT CANE

UCHERT & 2D SDFE T EIEH B0, AUIETIE, 2A2ELTOHEZEALEDRTES
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PEOD/NED DB ED e LichoT, T4 PP o bODE»ICE, /%, ¥77L5 %D
WoraER< & 0.5~0.6 mm 8T, FEAMICIE 44 & LTHAEY EBbh s /NMNED DA TR T
%o

1ERRB 7DD & 233, Table 8, 4 WRT LBV BB Ak / +30~40k, + 77 12~15K.T,
MEMTRHURELTERS 2BZRORAHEICERTERIRD oG 1, BB, b/ FTHR 3 R
WCEEILENRD - 7o b8, FED $RABOENEZRD TS, Hlo?id, b/ +EEH 2070 -0
REMRED 2FHICH R 2THE, S, 1HRESH7ZDD 2 FBOFERBED r=0.84 TEHHTHNT &
Y, CORENI 0—VYOREERT EOLEZ . CNODKRIL, 1BESLDDZ 255, B
WL BEHRESIIC LTS, BHOBEIEEESIIUEZ CEE2RLTH S,

£/ % 0-18 73, FREOHEPHRIPRLAT TEL, 1HEH DD & 73T oD 2 B & 3EE
B AHER LI EMERE NI,

4 AZOKEX

Table 2 (TR 4 L2 ZEMERICONT, 2 +ORWEZITAET 2D IEMEEHID 500 D £ 1
EIERICHIT L, XMEEEEE Uk, 2005 Table 5 i[K/RT &6 0 2448, 2154, 43
BHRAT 6 MOBEEAZECHL, 500K O 4 5D Wi 5 100 A EEAICHB LT, B E&EKIE
(NFDEHIEBRL) %, 0.1mm BFTHE LI, b/ F TRAEEM, RERSLIUO VAT SEH
i, Y7 7 TRAENE I VA F 0 2B ZNTNREXS GEHIR®BL) T2 LBTELDT,
100 K IC R ED 2 » MBS BEAETEINTVL AL/ F5BATET T F4HERFIOVTIE, 4%
DORERIC DR E SOVEEHEELEYFHEFH U (Table 5), Table 5 OFHfE% & Lic, MWD
2 F DR EBITOOTHESNTETD, ZHHER, s X104 2O REMIC, 2hENBEEREND
5 E D PEBRE L IRERIZ Table 6 1C/RT .

Table 5. ZEAAERAER, DERBLIUO VA FORER
Length and width of full, insect damaged and empty seeds after
open-, self-, intraspecific-, and interspecific-pollinations

5] H 2 7 DEX Seed length £ 7 DiE Seed width
(g%*ﬁf&) BGE 2 2 5L - i PR— - v A —
arents A = Z H R E S 2 22 1 R %

No. of seeds <
(ﬁ"ype'of measured Mean C.OV. Mean C.OV.
pollination) (mm) (%) (mm) (%)
Chamaecyparis obtusa

100 2.95 1.4 1.58 13.7

0-16 (F) 25 2.99 4.8 1. 60 11,3

(OPEN) (1) 41 2,99 6.0 1. 66 9.4

(E) 34 2.88 9.8 1,46 16.8

100 2.92 10.4 1.46 16.9

0-16 (F) 22 3,02 8. 4 1. 54 10.7

(SELF) (1) az 2. 99 7.0 1.55 11.8

(E) 46 2.82 12.2 1. 36 20. 4

100 2.84 8.0 1.48 I 12.4

0-16 X 0-17 | (F) 21 2.90 7.3 1.51 10,5

(INTRA) (1) 33 2. 87 6.3 1.50 11,1

(E) 46 2.79 9.1 1. 45 13.8




(1): 4584 Insect damaged seed
(E): 44 Empty seed

E/FEFTIOAR, AFZTHREIKBY ZHREE 2 2O TERL (LK -BHE) — 75 —
Table 5. (—m7%) (Continued)
[fid) i . 23 DE X Seed length 2 2 OlF  Seed width
(-%é*ﬁ?ﬁé%t) Bz 2 2 - v - - } T e 7 ’F "
arents | . NA £ 25 i R W N Z) 20 R L
(Type of | No. of sceds Mean “Cv. Mean C. V.
pollination) € (mm) (%) (mm) (%)
100 2.89 11.5 1.49 20.9
0-16 X P-20 (F) 1
(INTER) (1) a
(E) 95
100 2.99 8.1 1.7 14.1
0-18 (F) 16 3. 14 4,6 1.77 9.3
(OPEN) (1) 35 3.07 6.0 1.80 11.3
(E) 49 2.88 8.8 1.62 15.6
(" 100 2.90 11.7 1.67 19.1
0-18 F 4
(SELF) (1) 14
(E) 82
100 2.91 12.1 1.65 17.3
0-18 X Q-17 (F) 14 3.07 6.9 1,74 9.4
(INTRA) (I) 25 3. 00 7.3 1.76 10,1
(E) 6!l 2.84 14, 1 1,58 20.3
( )100 2.80 12.5 1.61 17.9
0-18 X P-4 F 0
(INTER) (1) 1
(E) 99
Chamaecyparis pisifera
e | ot | 2R tEo
(OPEN) (E) 63 2. 22 5.5 125 7.5
100 2.04 11.4 1.06 18.0
P-19
(F) 1
(SELF) (E) 99
-
100 | 2.08 8.8 1.1 16.2
P‘(II%I{SR};)“* (F) 46 2,13 6.0 114 10, 4
(E) 54 2,04 10.3 1.08 19.9
N R — .
P-19 X O-17 . 0| 2.10 14.0 1.07 19.6
(INTER) CE3 100
100 2.12 6.8 1.14 1.8
P-20 o
(F) 29 2.10 5.7 1.14 5.4
(OPEN) (E) 71 212 7.2 113 8.6
100 2.20 6.1 1.16 9.0
P-20
7 (F) 5
(SELF) (E) 9
100 2. 11 9.4 1.12 10.6
P—(ZI(I}\I’I%RX’)% (F) 19 2.11 7.8 111 9.9
(E) 81 2,11 9.7 1,12 10.7
P-20 X 0-18 - 100 2.11 6.7 1.14 9.5
(INTER) (B3 99
1) (F): %K Full seed
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Table 6. FITH, MR B IO V4 FOKE XOVIGMHE SRS FHIE
Average length and width of full, insect damaged and empty seeds
in different types of pollination and in female parents, and results of
analysis of variance in these seed-characters

T, BB T TTEmES e -
KTZ2 2 DA ZADEX 2 O XU 22D g aDES g » D I&
Type of Seed Seed Tyre of Seed Seed
pollination, length width pollination, | length width
female parent female parent i
and seed quality (mm) (mm) and seed quality (mm) } (mm)
Chamaecyparis obtusa Chamaecypams pisi fem
OPEN 2.97 1,65 OPEN 2,19 | 120
SELF 2.91 1.57 SELF | 2.12 LoLl
N
INTRA 288 NS 5 0 (S NTRA | 20T | ) B
INTER 2.85 1. 55, INTER 2.14 1,11
0-16 2 ‘ 1. 5”7 o ;VIW VTi 71.713 -
0-18 } (NS) ‘ 1. } C) P-20 2 15} (NS) 1.14} (NS)
Full seed | .01 | 163 | Pull seed 2.16 1.16 -
NS NS
irelzgct damaged 2,987 (¥x) 1,657 (NS) Empty seed 2. 12} (NS) 1. 15} (NS$)
Empty seed 2.84 ‘ 1,49

(NS) " 7;_73. L Non- sxgmflcance
(#x): 19%KUEETH2E Significance at 1% level

MEL/IZ 2DRKIZEe /F, ¥7F7EHENEN0KRTH B, 205D 7THPIED 2 313, &
/ FTRHEIT2.5~3.3mm, [ETIL12~2.0mm, ¥7 7 TREELTL8~2.4mm, [FT0.9~1.3mm
DHIPHICA - TH D, MM AERZNHETH - 72,

Z X DRITEZEET, ZTHHUICERLTRELTA 5L (Table 5), b/ +T, 21A0EX
EE & HARZRBPPAE VLA R ECENIZ S SNE P ot L L, ESEROEBRKICONT
i, BBUhBRZR TS, MALEZE, ARZE, MITZE ollick s RAaEMBED SN
foo T FIDONTH, BXEE D P-19 0 BRZRH MO ZRERIC L~ THIL - TREEER L
PARREDCHEMIZA 517, EHFRIMICONTS, ARZHTHRI/NE D &S DACRER T
R % SNz -7, Table 6 IRTEBY, SWAMFORKRE, 2 2DESBIVMICO2NTRE, &
/%, 75 ESTRRANNCE BRI 5NE ok,

OFIC, ZTWHERNELHIEST, 220RTNIKHEHLTAS L, Table 5 OLBD, b/ +TRWEL
RHMAELBWLT, RESTRBBURAEM & NI ERRS ONT, V4 F RPN NSO
ERUIce ZBHFEBEVINOMEETE Y4 F TAEL, HENEREN TR ZRBTD SNTH -
72o MU ZTRIR LI 4MAEZMET, KREITRATNE V4 FOINCHEL - 72BN R A SNT,
ZEEREIHIAIE S v 4 F TREVEAEIR Uiz 25 O EE BX0 0 O RIS B L sbRig,
Table 6 THOLALEIICE /D F 2 DEITHEESHED SN T TH 72,0

E/F, TUFEEVAFEUTRAPENIE ZZRSBIUED/N T Y AR S D@D S
DT, Table 5 ® E QT EbLE YA FRICHALT, 2 xORIBLCIROEIEMM V4 FBLEL
D& IEEEDH B pERET Uic, ZORRIR Fig. 3 WRTEBDT (WIFhd Arcsin «/ F s
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271
< OPEN SELF INTRA INTER
25k /% Coobtusa @ A n <>
T~ A Y5 C.pisiferaO A ] <
E o (C.obr’usa
Z 23} (r=0.780% .
g
= <
c&of Al
O
B
o 19k 19F
v g
=
o
© e 9L C. pisif
=y 1 (20,408 mr
SEN O C. pisifera
(o] (r=0.492)
15 15F <>
A
13F 13k ©
N _% ] 1 i ] r\ > 1 L i J
30 50 70 90 30 50 70 90

g F 0 A F $
Empty seed yield as % of total SeedS(Arcsmv % )

Fig. 3 2 20L S BLUTMOENERE & V14 FRE DWW
Correlations between coefficient of variance of sced length or
width and empty seed yield.

U72), B/ FICO0TIRESIE SIS TH » e TRHDHE / F TR, LALAITHK
DITIYE Uik & 2 A DNEIMWAZ AV LJENT, Y4 FRICE-THAREINISNL LN T
EERLTND, LL, ¥ 77 TEE/ FDXIMRIE - & D LcilinEIRD SN -7, MARDT &
A5, 42 DLESBLUMOLHRKE V4 FREDOHIBFEHIT, v/ 4 T r=0.785* LU r=
0.780* TN G 5B TATLIAA R UIcDITH LT, ¥ 7 7 Tld #=0.492 5 XU 7=0.406 TATILT
W78 57z (Fig. 3)o

F7z, b/ FDR ZORTIESINC S8 EDEA Steh, T 0-18 MERUL DT X 21 T <,
2 AZDT SATNCA S IRAIZ R LictzdTH 5 (Table 6), 75 %5, WilHEEE & J1E L2 AL

THINIEL, 232DOANESOERIITIEE XD BT ANEZOZERL TN,

PLORIMARNT 5 &, JGRISEADIE OO THNEE T EI80D8, WMIEELE & (1RO % 4 23{ld
TR D 2 2T HARTORREL, AL EAXCRDLTE, VA4 FEFHTRICIAAT/N T Y E 9 0&
<, T HENRO L BANS V2RI L2 E, LbL, TOREBRIEREDOTIRAEL, IEITIKIEE
LT ZERBUCHEN T B 4 2 THNE, SRS ITICh b 0 72 AL LI B dailiiicsg ik
TE2HDEAHTEINTE, BWEBNNZZEITHD

T UIRIART 141E LT, O-18X0-17122W0 T, A L7z 100 kD 2 4 DA E X ORI
RE%E Fig. 4 IORT . YA FTERLNEESBORESO OBV HEE, LrL, M
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L. o © I: Sec’f-fdamaged seed
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20 07 @O0 Ee?w &
f\rzj 1 I 1 1 | 1 1 1 1 | L1l 1
1.0 15 20 (mm)

g F o M@ Seed width

Fig. 4 b/ F+HEAMBESE (0-18X0-17) 2 2 OFREIIK X X D5H

Distribution of length and width of full, insect damaged and
empty seeds after intraspecific-pollination (0O-18 X 0-17) in
Chamaecyparis obtusa.

BANTYESHEYRENC S, BEMEBEREIRES NI VIOBEIHULTHNECE, K
EOEHETR V4 F 0PN VHICE - TOB C &, ENBHPITRINTO %,

RESWI LN, EWF— 2137808, b/ FTERRRANCH I 2 2 OR/NZ, BMFEERD KN
EUAAER LI EDNTN S, KREZOEWEETHEHE I BRI LT, THRICANE VA F
BAFHICHEANTOL BARNSODT, FEERBED, DOLINIT YL FRAFHOX S ZRERO &
Fd, ARE UT/MLICKE 5 T2 LEFTAIRINTEA S,

5. BERIZHBREBLICARCBIZ X245t TRENHE

BRI, /% () 477 (8) OBUOERTHONLEREL S 3 ORLEL, WHROHEK
ZMTHONLSDOEEELT, H1AREEON L S>rOBEEWEHEORHELRL, T, b5HHE
BEREEST, Lich->TRA ) BrEd2L5K] ERRTHE,

Lip L, CORICEBERISEAESED 5, MBEOHRICIE>TOEE ) £ XF 7 FERE (i34 *)
i3, ERUAEMERTEL D TH > THIRMEH LTINS OTEL, L ZAPBFERZ, thd
DIREP Z 203, Bl SINRBDBEIET 2 ~T 2 - 1o AROMEREE 1 BRI E UcRE T
FATHIPOEIICER LT EROHEREIT > TOBDTH b, &bt/ FRESERTIE, TE
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FROER FOREAIC L » TE U e BRI, I, B2 D BRIVERR T 2 9~ T/ BRI D
HICHRLTED, ULieh- TREIEMDZENT X » TT & 23RIP £ & OAIEREDS, ENILEgT
RO IR T EDNTREEAT2BEEN I CERBVNENTETH S

7212, d LT OBRRD & 3 OHIEFIOSTE O M2 733 & 0 S I RIS EEd 5 & 1S
A& Fe=7 (HIRO R LERANCLR O S HBIb N 2B »fBl Lz b D &2 R hid
BOINDT, ZDNHEVEE SENTE WO T DR AR L TR,

RO A & & TR, LM EYEESZ N LS udims, EREbe ) FHEZR >/ FX¥ TS
>Y 77 HELMONICIE > TH OIS DRI E b—8d 5, L L, Table 3 XU 4 TY LML
&I, v/ F XYY FERAUINGMT S B L2 ARSIV, NS DERIABLE LD KD 2k &1y
ShbDEF ST RPIB DD, ELIE, MDD EDEEZ S5 b/ FFENLER SRR & 34y
FEISFEIE VDT, NEERIRE 00T 7 O A Lickodlc, b/ FERAOIGESIIA SN,
Ltz (A 2Fw=TBIRNWB T 572) EWETHCERBTERN,, Fh, TTICAHIE D ITHENZMERA
WEEET/NILEADIR, Y77 Xe /FILOONTENZECETHY, b/ FXFT FRTICA 2 F

=TT EEHRLED G, FITEZRRLONS S, RERREOESZ W LT, g nolis
SR OMARRIKEL DO BANSNIERT EA L DHMEH EMDbN D,

YFEIC JE, b/ XY 7 TEED 1RREH 20 D 2 2303, MiEBREO B4 78 & 9 RERIIIC —
FLTED, NHFHEETALIIEEMUTOEN, TTIRRIEBOMD TH S, 1HHEH 2D DR
WL b o IE S NRHCIKFET 201205, H—THTH20ED, ZHoOMNICrrb o T 1ERRH D
DA AP FC—H T2 LB UAURTH Do 105, FHHZERTIRIRHERRN S EMBINT 4 4 4
EWICHE T, TORBICIHRRB D DL A HUBHLTELEND TEEHVIGLD, KEROENET
TS LM s i 57 (Table 4),

WHPE 2 2 0EIBLTRICON TS, b/ F=XH 7 FHMNEZER 2 2 3B o rhlElicis 5
BIADTED S EDNTNBE R, TTITEHLAEMIC & 3<KHERTH D, BHOF -2k »T
b, F—RMETHEG, M2 2 A RARZH 2 A X0 NS0 HRIN 2 A L0 B LAKE
Vo FEHLORIRT S (Table 6), £ 3 DAE S BZRHANNNICHTEL BB D /e LD -T, 4
FADKEZILDVTHAZF = TR LEEZDZORROGWTH D

108, WHd e /) +0 2 3 EPRIBIRB EoSEIP S v/ F M E 7 FBUCIK ) U T2 RBINT
NSO NBMIIEATNTO 3D, EHSDMENDIZE D LERKSRATRTS - 7o

6. % 2O KK

(1) RPEICE Y 2 XTI R o e
MAD 2 2 O BETAICKX M2 RN T 2043 UG iThTE D, 1955 47iCid Exrenserc
MBI —n T H ey THR, HE, MANLEEXORINOZNET 72 & & OIROFERINEE, Wk
2 A DRXWFINCE - Tk Lic? DAHETS, w2, P Fvy, #7770, &, b /394
ET 2 3 OREIRBICTRXRBFAHINTO 3,

£/ FRYTITOE ATV ERCHNTMNITS 570w, RXBEEOMG D PO FEIERE
LT 4 2 ORITA FERNC TG 4 2 DIINIEETH 223, BOEAHEPHER 7 4 v a0l TS
B ERERLORINE MR ZDT, ThoD 2 3 OREMIICRXEITENMYT 5 2 &35k T
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bbo Ft, —fRICE / FOZ AW EETHENSEIN TS, RXHEEEOMRRICK T

FOBLOYIRIEABRSETTRATACENTELDT, BN OLEMEHMNCE - THRX MBI
THOTHHUTH S
COFERTIE, BWILAZZORPICTENL, £OPMBCESHRTE2 bOERFM E Lic, IEIE

T2 2 OATEM—ERICE B - TOTIESHBIT E MO 0P, FOHC, MR T & 2 PHEADOIED
FEFREDBEBHLTDLIA SN, TNOHBICFED K2R X 3B BURRFERLOEHIICED
176

FER & BHENOERIC, 2 V= VHESD VT A A EBONE 0D EH - e, CORBRTIZAEN
ERERPDIAMIEEETNT V4 FE LTRSS Ui, 770 F2IICRAER -7 D NEHh-
720

(2) ZBRHIFNCH I FTHE

LGB~ K I Lie Dby, TRXFEEIIO PR & 4 42 SZHLG RIS D0 T 500 HED 2 4 2 g L
TobR e TR, SER R DR, REEB KO YA FELE UT Table 7 1T/RT,

EEEDREW, 8% OLEBHGTORFREICE L TELIKHEN - T AEST 2 E, W1, 0-160DH
FEMFRIEER D 19. 4% THME L, WU OBALE IR O FHIEE 16.5% A TV ETH
Do T LIBIMBMD 5 HICIZ B oNBNEDTH S, 21, 0-17 OWMAMILSE 2 O FEHR
5.0% TIEWETH - 7273, MIZHDO S B 0-17X P-4 DFFERIIT 43 5. 8% THEPLF 2 L2256 78
WEERL, CTOHIGEEERS £/ F ORISR EEDYEEM (8 4+, 4,000k 14 K) 0.35%
DI REY LERLICTETHDL, INPERIRFOEIMEIC L 2 O TRI NI &0 THRHEO A E
EVWABH, HEDICKETHMTH 5 201C, AROET L BBV LS S h i PRt iE %=
RO NETERE C LR A I, 5 34T, P-4 T H R DA OIS S HRHHT (EOHIT 18 5 T
BLETHD, T, MEEFEOHTHINICEBY, ZHiENE®L Uiciodsldbns, B4,
P-19 ORINMEZHD 55 P-19X P-4 DFETEFRMNA7.0% L0 AR L, [FHU O HRZH R
JEH36.4% A fo T & D 5 FHEICREA SN EIAITH - 72,

L L, COXSICEEREEFEEDTEIE, Table 7 1A 505 L51C, 3THOFIEFEHEL,
B/ FEYT I ENENUCONT, BRDEH 17.6% & 28.8% THILDEWVEEIRL, DO THAME
RN 1% B LT 16.5% L1780, HEZMTERI 81D BLU1L7% & &L, FHZMHC 5L
1.0% & 0.2% &S ICIKTT U, GERD#EHRPW -1 LHUOEMZ R IHEICIE - 720

TN oZMBRNOKLEL, MOEAEOEEEASLERDCEBNIEZITHE, T, RHERE
FERBIZOWTIE, HARZHOLE, TRIOMIEIT & $BWEZR Ueh, ALEZROL&de / +T
REEOBMIEFEY oMY, Y7 7 TEALEOBO BRI TITH IR S EO AR TS H - 7o
DOEIC, RERLFEORESIEOBEMTR, £/ %, ¥75&d, MORERERT HRTHORER
K, BORERUPRELOANTIZHRERIINS S BAEARE L X5 TH 5, 08, BEREERLE
DOIERI, RERELIHRBELOD L2 HEDINICE, WINBEORRIIAD ONL D -0, &,
FREROEEE 2 A2 OFNE DB DOTIE, b/ F, 475 &RIEROEO HRTR 2 250
RIROREVHERT LD 7o
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Table 7.

T8 X OS2Ikl 2 2 DT & e

HEZWMEEICE T AREE 2 20T anie (LR - EE) — 81 —

Full, insect damaged and empty seed yields as percent of total seeds
after open-, self-, intraspecific-, and interspecific-pollinations in each

female parent

. hEE 3 . -
g ow | Z® oA mmeaw | B RE Hinoeet B o
Female parent Lype of No. of seed yield damaged yield
pollination observed (%) seed yield (%
,, _ SRR I A B ¢ ) T
Chamaecyparis obtusa
OPEN 500 21.0 34.6 44,4
0-16 SELF 500 19, 4 31.8 48,8
INTRA 1, 000 16,5 33.2 50.3
INTER 1,500 0.7 2.5 9. 8
OPEN 500 14,6 i 10.0 75,4
017 SELF 500 Lo | 5.8 93.2
INTRA 1,000 5.0 11,9 83. 1
INTER 1,500 2.1 3.8 94,1
OPEN 500 17.2 30. 4 52,4
0-18 SELF 500 4,0 10, 4 85.6
INTRA 1, 000 11,7 16. 4 71.9
INTER 1, 500 0.1 0.7 99. 2
OPEN 1,500 ‘ 17.6 25.0 57. 4
3 RS SELF 1,500 8.1 16,0 75.9
Average of 3
female trees INTRA 3,000 11,1 20. 5 68. 4
INTER 4, 500 1.0 2.3 96.7
Chamaecyparis pisifera
OPEN 500 21,6 0 78,4
P4 SELF 500 . 2 0 99.8
INTRA 1,000 L4 0 99. 6
INTER 1, 500 1 0 99,9
OPEN 500 36. 4 0 63.6
P-19 SELF 500 0.8 0 99.2
INTRA 1, 000 33.0 0 67.0
INTER 1,500 0.1 0 99.9
OPEN 500 28.4 0 71,6
SELF 500 4,0 0 96.0
P20 INTRA 1,000 13.0 0 87.0
INTER 1,500 0.4 0 99. 6
OPEN 1, 500 28.8 0 71.2
3 BRE SELF 1,500 1.7 0 98.3
Average of 3 ]
female trees INTRA 3, 000 15.5 ; 0 84.5
INTER 4, 500 0.2 } ¢} 99.8
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Differences of full seed yield after open-, self-,

intraspecific-, and

interspecific-pollinations

among female or male parents.

SRHICED 5 fo fod

i, BRISmRAES

(4) b/ *D2xORFERL Bz

v/ F 3EEHCDINT,
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Table 8. Z 8 B R Al & & O T F K — %
List of germinative capacity as 9% of total seeds after open-,
self-, intraspecific-, and interspecific-pollinations

B (Efol3z L 7 3 = \
oW R R |REA® B | BRLFEHE | Gorminative capacity 31 A SC
No. of female R o
Type of parents (or No. of total @ ] T Literature
pollination mating seeds tested +M 5 (12/[%; — I%Iﬁ)) cited
combinations) | ean : 1.
Chamaecyparis obtusa
2 4,100 2.8 (8.7 ~ 0.2) 14)
OPEN 6 44,900 1.1 (2.2 ~ 0.0) 17)
3 1,500 12.3 (14.7 ~ 10.2) %)
3 13, 500 2.5 (6.0~ 0.6) 14)
18 46, 200 3.4 (6.9~ 0.0 15)
SELF 7 19, 900 1.7 (2.1 ~ 0.0) 16)
4 46, 200 1.1 (2.7 ~ 0.3) 17)
3 1,500 5.7 (13.6 ~ 0.7) #)
15 198, 700 7.8 18,1 ~ 1.0 17
INTRA (15) . ( ) )
( 6) 3,000 .8 (12.9 ~ 2.4) %)
(3 24,900 0.1 (0.3~ 0.0 14)
18 61,700 1.1 2.3 ~ 0.0 15
INTER ’ ¢ ) ®)
(2 7, 500 0.0 (0.1~ 00) 17)
9 i 4, 500 0.7 (4.1 ~ 0.0 *)
Chamaecyparis pisifera
OPEN 3 1, 500 ‘ 20. 2 (25.5 ~ 15.1) *)
129 5,700 1.9 (7.1 ~ 0.0 15)
SELF 8 5, 500 2.2 (10.5 ~ 0.0) 16)
3 1, 500 1.2 (2.8~ 0.1) %)
B o B - T
INTRA (6 3,000 ‘ 10.9 ‘ (32.9 ~ 4.8) *)
8 4,100 0.2 1.7 ~ 0.0 16
INTER ’ ¢ ) )
(9 4,500 0.1 (0.4 ~ 0.0) )

¥ CORFRI, REMEOEEKIC0.7 2R U TRIHELETH S0

The germinative capacity (G) was estimated from full seed yield (F) given in present paper (G=0.7F).
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Table 9. b /& &4 750 EME X CHRHHMIC KT 57N OHER
Relative productivity of full seed after selfing and interspecific-crossing
obtusa and C. pisifera

Mo i B 2 B B 2 =
Intraspecific-pollination Self-pollination
2 B[S R R BRRS AR R g o [IRESE LK A N W
Cone S Full seed “DCOne S Full seed A E e
Female parent s No. of : p No. of . Relative
yield d yield yield d yield ductivit
(Cia) seed per | g,y {Cse) seed per| rpoy  |productivity
cone cone (Selfing)
(%) (N1a) (%) (%) (Nsr) (%) (%)
Chamaecyparis obtusa
0-16 52 37.8 16.5 57 | 41,2 19. 4 140. 5
0-17 54 33.9 5.0 47 35.9 1.0 18.4
0-18 65 30. 6 11,7 65 32.7 4.0 36.5
3 Rk #E Y T
Average of 3 57 34.1 11,1 56 36.6 8.1 76.9
female trees
Chamaecyparis pisifera
‘, L
P-4 80 15,0 0.4 55 14,1 0.2 32.3
P-19 74 12,8 33.0 62 12. 83 0.8 2.0
P-20 79 13.9 13.0 83 14,2 4,0 33.0
T RHEYL
Average of 3 78 13.9 15.5 67 13.5 1.7 9.1
female trees

TS U B fEd s 5 L3V A, AREATROMNWAERERE R/ +, vy7 7L b 30T 2 R
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Cone and Seed Yields after Open-, Self-, Intraspecific-, and
Interspecific-pollinations in Chamaecyparis obtusa (SIEB.

et Zucc.) ENDL. and C. pisifera (SIEB. et ZuccC.) ENDL.

Chiaki Yamamoro® and Narakatsu Fukunara‘®

Summary

(1) Diallel cross was carried out among six parent trees consisting of three trees of
Chamaecyparis obtusa (Sies. et Zucc.) Enpi. and three trees of C. pisifera (Sis. et Zucc.) Expr.
Consequently, forty two mating combinations including six of self-pollination, twelve of in-
traspecific-pollination, eighteen of interspecific-pollination, and six of open-pollination were
made. Differences in cone and seed traits among these four types of pollination were discussed.
Soft X-ray photography was used for testing seed soundness and for taking an accurate
measurement of seed size.

(2) In this study the authors were also interested in the possibility of the existence of
individuals that had always high seed fertility in all of the types of pollination and in the
solutions of some doubtful points in Nousara’s remarkable reports (1943, 1944) in which the
first attempts of artificial hybridization between C. obtusa and C. pisifera were made.

(3) Cone yields as percent of female flowers after open-, intraspecific-, self-, and inter-
specific-pollinations were 80, 57, 56 and 57 in C. obfusa and 86, 78, 67 and 51 in C. pisifera,
respectively. Cone yield was very different among trees in the same type of pollination and
even among pollination bags in the same mating combination.

(4) In the comparison among four types of pollination, the size of open-pollinated cones
was significantly larger in each species. There were, however, not such clear differences in
the size of the cones among the other three types of pollination, though the interspecific-polli-
nated cones were slightly smaller.

(5) Ratios of height to diameter of the cones were 0.97 to 0.98 in C. obiusa and 1.03 to
1.04 in C. pisifera. There were no significant differences in the ratios among the four types
of pollination in each species, but distinct differences among female parents in C. obtusa could
be found.

(6) Numbers of total seeds per cone were 30 to 40 in C. obtusa and 12 to 15 in C. pisifera.
There was an obvious difference in seed numbers per cone between species, but no difference
among the four types of pollination in each species.

(7) 1In a large portion of seeds measured, seed length and width without seed wing were
2.5 to 3.3 (2.9 on an average) mm and 1.2 to 2.0 (1.6) mm in C. obtusa, and 1.8 to 2.4 (2.1) mm
and 0.9 to 1.3 (1.1) mm in C. pisifera, respectively. There was a remarkable difference in the
size of seeds between species. Open-pollinated seeds had a tendency to be slightly larger and
more uniform than seeds of the other three types of pollination, but significant differences
among the types of pollination could not be observed in each species. The seedcoats seem to

develop normally even in self- or interspecific-pollinated seeds in both species. In the mating
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combinations with a high yield of empty seeds, a large variability in the size of the seeds
could be observed in C. obtusa, but not in C. pisifera. There was no difference in size between
full and insect damaged seeds, but these seeds were significantly larger than empty seeds in
C. obtusa. On the other hand, there was no difference in size between full and empty seeds
in C. pisifera.

(8) Nouara described in his reports mentioned above that some characters of cones and
seeds after interspecific-pollination between C. obtusa and C. pisifera showed the intermediate
values of both species in hereditary meaning, as compared with those after self-pollination in
each species. Such phenomena as described by Norara should be understood as metaxenia,
because the cones and seeds observed by him were different from those which were derived
from hybrids between both species. From the results of statistical analysis and detailed obser-
vation not only on the authors’ materials but also on Nouara’s data, there was no concrete
evidence that metaxenia had occurred in cones and seeds after interspecific-pollination between
those species.

(9) Soft X-ray photography was available for testing seed quality in both species. Es-
pecially, the insect damaged seeds of C. obtusa could be perfectly discriminated by the X-ray
photograph.

(10) Full seed yiclds as percent of total seeds after open-, intraspecific-, self-, and inter-
specific-pollinations were 18, 11, 8 and 1 in C. obtusa and 29, 16, 2 and 0.2 in C. pisifera, re-
spectively. But the full seed yields varied considerably among the female trees in the same
type of pollination and even among the cross combinations in the same female tree.

(11) The female parent trees with a high yield of full seeds after open-pollination gener-
ally tended to have a high yield of full seeds after self- and intraspecific-pollination in each
species. But, if these trees were used as male parents, such a tendency in full seed yield
could not be observed. The full seed yield after interspecific-pollination was extremely low
in almost all cross combinations between C. obfusa and C. pisifera. So far as this experiment
was concerned, it was impossible to detect the particular male or female parent trees with
a relatively high seed fertility regardless of mating partners in interspecific-crossing.

(12) There was very high correlation (=0.96) between yields of full and insect damaged
seeds in C. obtusa. Therefore, it can be presumed that, if not damaged by insects, the insect
damaged seeds would have developed normally into full seeds, and the full seeds may be
produced more than twofold by the protection of cones and seeds from insect attack.

(13) Taking a general view of the present paper and a few reports previously published,
the values of germinative capacity as percent of total seeds after open- and intraspecific-
pollinations were estimated to vary from three to ten odd percent in both species. The germi-
native capacity after self-pollination in both species was estimated to be about two percent
and, therefore, it was considered that incomplete self-sterility existed in both species. In
interspecific-pollinated seeds, irrespective of the species used as the female parents, the germi-
native capacities were estimated to be one percent at best and to be below the decimal point
on an average, so it is sure that interspecific-cross fertility between these two species is
considerably low. There may be no difference in interspecific-cross fertility between reciprocal
crosses.

(14) Relative productivities of full seed after self- and interspecific-pollination were calcu-
lated from three characters; cone yield as percent of female flowers pollinated, number of

total seeds per cone, and full seed yield as percent of total seeds. The productivities can be
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expressed as the ratio of the number of full seeds per female flower after self- or interspecific-
pollination divided by those after intraspecific-pollination.

(15) The values of relative productivity in self- and interspecific-pollinations were esti-
mated to be 77 and 9 percent in C. obfusa and 9 and 0.8 percent in C. pisifera, respectively.
The possibility that deleterious effects of inbreeding may be found in the next generation
seems not to be so small, because the relative productivity after self-pollination sometimes
exceeds 30 percent in individual trees in both species. The relative productivity after inter-
specific-pollination between C. obtusa and C. pisifera are 1 to 10 percent and often less than
0.1 percent, so the possibility of obtaining the hybrids is considered to be very small but not

Zero.





