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Table 3. % H X
Cone yield percentage
Number
Number .
«|of female| Cone yield
Clones | Number strobili gfaf&?:g percentage
pollinated
1 25 0 0
2 35 3 8.6
3 30 2 6.7
4 28 5 17.9
5 38 2 5.3
6 2 | o0 0
MN-7 f
Average | (178) | (12) 6.
7 32 7 21,
8 24 2 8.
Average | ( 56) (9 16.
Average | (234) @D 9.
1 22 13 59.1
2 29 19 65.5
3 28 15 53.6
4 26 14 53.9
5 24 19 79.2
6 22 16 72.7
KS-1 T -
Average | (151) (96) 63. 6
7 27 13 48.1
8 29 19 65,
Average | ( 56) (32) 57.
Average | (207) (128) 61.
1 26 14 53.
2 24 9 37.
3 27 8 29.
4 24 6 25.
5 22 8 36.
6 20 13 65.
KU-8 | -
Average | (143) (58) 40,
7 25 16 64.0
8 25 14 56.0
Average | ( 50) (30) 60.
Average | (193) (88) 45,
Grand average (634) ‘ (237) 37.

* : Refer to the number of Table 1.
( ) : Total number.
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(KS-1) Thod, 27— VMTEZHLUEHRES7ZDDFEERITB L2 17H (MN-7), 14 (KU-8),
2% (KS-1) THEROBOLOORFEER LN ENVI CEIKBE LY, HERIMESLD ORHE
ki & DRFICHEEDRBRIZRD 6 NED - Tz,

HERE 7 o — Vv ORERBEL, T, E IR F— VIR ORRES 12 D OFFERBDIZNHODT,
BAtER 7 — VB0 E RFR DEBIC OV CREF L HRIIRETH 5, LirL, Fig. 4 & Table 4
POROPIBEIIE, AT~V ML TERETR b OPBARENIEDE i, MEKIEE EE
W, EERCEE LR 5, 27— VIIEZWE EHEE Lz, EBICR T — IR ATLEZR L
TRERP LD, AT VINBERBIHTH S &80 530 biviz,

BITEA 7 — vV 1 OHIRIANTEZBR L, 20FH, FHLOKZREICE D pT X (Table 1, No. 1) &5
Bl FLOBICE D PV (Table 1, No. 6) T X, RERMSEONLH -7 (Table 4, 2h
i3, SEMEMOB XL 8 ~13 BT AR ENIKEA SN IR T, FHEUOEEI AR REZ3
LB -7 ERERL TV, £OBMELTE, ZHENELAL 2ANCEA SNIIERMBED 2K
WoteldEAONLD, =V DIBEHKNEMSOTEASNLIERE, FEAREZROTIIENETE

Table 4. BHTEA 7~ VRNCSEM Uic & S ORRREH 72 OFeZER:
Number of full seeds per cone in the pollination at different stages

KS-1 | KU-8 M
\ o o !
Number* % OE @ﬁ%ﬁ?\%}@ | % = 1| ﬁ“ﬁég{;ﬁbb | % %o
| Number of l]??ange r*;oﬁtﬂ Number of %?n;é’ %EO%] Number of
full seeds signiﬁ'cant full seeds ‘ Signiﬁ,cant full seeds
3 2.3 - 1.1 1: — 3 16.5
2 2.2 ,l 1.0 ‘ 6.3
4 0.4 g 1.2 o 4.6
5 0.1 - ¢} ‘ 1.5
1 0 0 } —
6 0 0 ‘ _

# : Refer to the number of Table 1.



ya ey WEERTE OB & R DN G + (LK » B - T - T ) — 89 —

FRICREBE LIS tc b E 2 5008HYUTHA D,

BEA 7 — VT2 Lic s & (Table 1, No. 5), 27 v~y (KS-1, MN-7) T DI pisms Fk
Rosfgohtc (Fig. 4, Table 4), [1ARZH OMEERTEIC DO TIT » ILIEHE PRI R TR 2 ED,
PIER 7 =V VTRBTIZIE LT L, BA ORI, 821, S/, HRAGHMBHETL, 1%
B il amsd s C AT HY, HFEHOEMIIEZ SRV HRZE QML - LS % D
B, Je 2 ORREE L 2oMEERTE (2 k) & TR, R LEALOBEDHIT IC 20 D RS B Oh b

o
v Z =

SIIERT DZ B I3 BRAL DTN U 7o AB AR IC & - T, BRALNICEEIL, Bl RlcBlEd 3 ¢ &
CHBINTNEWW, Lo, ZFPe/+, 7 I3BEDLIEHEE CRMIRIED A
O ZFOETE, HADPABICHELTLCEBRETHD, =V EOL S LEYE (GILSRIEOMAlC
<) ZROHTE, ERNh+nmdTs 2RI EsHC &, SOICZREESSA LD,
HALOBDSTHHET 5 C EMBETH L. T LT, WHOBEE S, TBHOMTEE UTOZRIHS
WEh, o1, BARIERATHMETE A SICHEO LTINS C ENUETH 5o SHEH OHERIE
T, CNODRMEPTHLSNAAEZMIAE NS CEBTE S, 7 vy TR, TS D&%

KT LA T~V M AZREREABTENTE D, CORT—Y TREFDOHEIE - EbAE
< BALRPMCBIILTR Y, 2oBb 2h-FaicitEd b, 2RO 02 7~ VOMERIET 2B K
DR SN, Fhe, AF—IMNOTHTS, CORT—VTHRGE ORI AE SN,

HER DR, AT — VT OFRRICE N Ll o BRG E B RSN, TEBiE <ol &2 D %L
WERET 5 ENTE b, T, BBMEBATF—~VIVOBF T TREAA BB UETHE LD, 2F—VVT
AR Sl St ice Lchi- T, (ERDEF Ol & %28 - THfLICEREL, S5, BRKSAH
T, A WE U TBRCET 5 2 L0 TE 2T SHbBEZRTHEIHNREZ 7~ YT Ubr s 2
T—VNOBREETTH S,

FHL, RN TR, MRS O BALIC X » TRUR T 2 DDA TH b,
7 0=y TiE, KREMOBE BN URA THh o RIEDOBK OB T T 5ETOH6 A SO
AFSZHERTH D, 720 B3 BRECHIBEL LR LY Th S, Kol »EILE,
4 HEHTAETOWN 14 BRI EMIBETH 2, ik, BEACOHEDBER® AT —YITORDLD
CATHEILERT T 5,

SPIEDHOMEERTE D BHAE IR 35 K OV nIRE AR, S0 il 72 ST, DHAEDRMG > S22 W & T 2
T5HBIEECOVTOHNFOMET — 4% Table 5 1Kiid, MO0 HBRHEHEOBHICE T
bERMNHO, T, —DOOEME (bksy) TRZ, (i O, H50E—D20MKIETR 20, &
I3, AR, MEROLE, R oSS, IREE ko) O v — v QRIIAED B Eick -
TERNSH LDRMRTHHH, EHLD—DOOMHRIEIC OV THABEAD HH LD = VBT — 4
EARET &, FHOOr vy ORMIEMME N (AR, ZRWHRIELNIZERE-BLTH05, F,
70wy OFRNCEMI I BEEORRE LD b 2~3 BEL, BTERGD 2R ERIC 2 FTIRET
AHBIZZE—F LTINS
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Table 5. £ B EH Ik 2T O B X o FE M

Estimates of the characters on the appropriate period
for pollination in coniferous trees

W% 7 it ® I N X #
Characters Species Ng%ngﬁrntas n(lil Szé%es Reference
- | _
- 4~ [ @ 7 ] 104 ~ 104 11
B W M () 54~-57 Cryptomeria ].apomca OffA, 5~~104F4 )
) ) 30 Chamaecyparis obtusa 4 Bk, 104842 10)
Flowering period (Days) 5w 7 Larix leptolepis [ 3 Bk, 18454 28)
10 Pinus thunbergii | ISfHEA, 8 A 31)
10 Pinus densiflora 16fEE, 8 A 31)
9.5 Pinus monticola w4 3)
ST O M B (B 40 Cryptomeria japonica 4 Rk, 7 4EHE 13)
. . 19 Chamaecyparis obtusa 4 K,  10~15%E4E 14)
Receptive period (Days) 14 Larix decidua 1k, D
14 Larix leptolepis 1 RE, 1)
14~21 Larix leptolepis L5 B, 25)
12~14 | Pseudotsuga menziesii | 1185, &% 1744 2)
10 Pinus thunbergii 1A, 17)
14 Pinus radiata - 22)
- . . . Sk s o 4T 8
el T O Cryptomem.a ].a;bom‘ca SR, REERE 74*{’ )]
) ) 20 Cryptomeria japonica 4 {1k, 7 4R 13)
Appropriate period for oo, Coystomeria japonica | 21, P70 i 20)
ollination (Days) J 2~ 3
p ¥ 10 Chamaecyparis obtusa | 4 AR,  10~154EH 14)
5k Chamaecyparis obtusa 1A, 19)
7 i Larix leptolepis 5 {E, 25)
7 Larix leptolepis 1B, g 2m 34)
2~ 3 Pinus thunbergii 1 1EIR, 17)
 BETERRIA S REIIC TS o o
HETICETAEYE (H) 4~ 7 Pinus thunbergii — 29)
Days required from the
bud opening to the be- 5 Pinus thunbergii S3EIA, 7 31
ginning of the appropri-
ate period for pollination 3~ 5 Pinus densiflora 4 SR 31)

(Days)

] Ssﬁﬂ’ﬁiv

* FEZEOELOYB LB IZORMTH 5,
The period was estimated from the Table 53 of original report by Nouara (1944).

7 n =y KOSEE < v B TEEE S FHEEINIZIINE DR S SIGE L o ES ] L S o pese
BBbo TDIHLOI v =Y DPPOTE, FEBICEHZIT - IR, BRLHE LB OBBERDZHT

2 AMEVE HEEINEDTIOH 20,
COFITHEEEHELCHE,
BEOZ 2 NE0EEEINIZZHDH,
1z, Pinus kesiya® TRIEBHOMEAEMZT,
—VREHELDORTF — YV EZIZABETSH 505
U SRRMICRONEIICE - T3, L L,

%o TIbHD,

CORFHICIIBHRIERI O SREL L > TR TH
EFELORDNTNHIZAF—VIDOBRETHD, 2hd oK
BHELOAT—VIIICHB LT bDEEZI NS, &
2SN EINTI S, P. kesiva TR INICAT
HHCRZE, AF—V4EEREHLORAF VNV
P. kesiya T3, WMEOMRPLE, CORT—TV4L5

BEEMGE S 2 BENH 5 LBNONTVE, COBIESNLERT—VE, EELOERXT~VIC
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—HT 5

<V EOMEE, EBKIL S OWTOAEIC BT BT ORRAE RS &, B OHTIE 1872 48
2, BUBTHRE® SN ITHD, HAOHICHE LTEE, Wick - TEE, Hi LIcBE%?
UVFYF+ 7DOHDEIBEHEICLD) SndLEZ NI Ebd b, TDOH, WK OMRKIET
PN SRRSO X4, BRI EEGHE 2 LT L EBM LIS N, —F, HhoETE, %
A TH AN TN S 7Y BO X D REOZRHIC OO TREVE, ARNLBERENT, ZOEAE
KHEEDEETH -T2 LIcdi-T, 70wy OEZMBIEAIERD 1969 4EFRIC B 1 5 BERCHER S L
DOBEHTH 5o T, EHOLIFESR, THYOZREILOOTHZOELEMR LY, 35T,
SMENC B T 5 DD I 1CiE, BADBRPEMIE AT LB sk Lic#idn 2 ki 20T
22 00FBZHPRENTN D, 1 2R3ERISERD S EH - T b7, TSSO LT 2HBALOZ
PN ARS UCHRD LICEEET 2 L0 B2 HTHY, &5 121, s, ZREOs EAsICL -

y O RETHENL LT BRI TH S, & OMBICOVTEHRIBERETT - kb TRV, E
SRIRIET, BALOBIC A DN D L2 I U TN TS, 1EREPTTPI0&iICk T,
ERHETHEAOhAB AT T (20, TEREPTSNE, BIESAARRED) &5 EEEER
Do, EHORBREDOEZFELF U, BEEOUIESELE SOBE TS, v VEOBENIHRIZE
2R OMERIEcOABE SN, ARZH ORI TREEINTHREV, Licds-T, BRZW OMIRTE
T DEBED W, sE, RO ERLIEAL ORISR D2NTE, VWEDEC AL
T8, 1848, Pinus nigra 5 LU P. elliottiic OSZRA ST UicksE, sucrose, d-glucose, d-fruc-
tose WEMBENTNELE, Linl, P.uigra OEOAHHEER 1.25% T, BSOS OTEL
cE, TI/BPEBBREIRBENNCEW, Fi, P.onigra OFRWORT, REE P. resinosa
DI AEFEF S5 C EICERR U2 L ED S, ZRIRIMENTONBIH LI 2 DTS L,
—REEIS I OEORTH 5 & DRI SN T B,

7 vy THE, ZEH (A7~ VI OROD L LHEASKHIEERT T2 ECRET 2 AMBBLE
10 HIEICH - 7o b3, P. silvestris TRIIEMMRBEENE, 5~THTH 7L HI®, = VETOBRILD
FASUITE IO S bIcililT, BTTAC EBb b, P. nigra, P. elliottit'® B X P, kesiya® 13 & T
DIRFLEAB L, TAEEONBIROZHEISME ESROTEIC L - TITHON 2 ENMOENTNEL, 7
vy QIRLTE, ML OIS OHBEOMEI X 210 THRIMRT D »7co P, silvesivis T
3, HALOHRLNC #D T IO THIROME & NRBEC D, N THMT 2REBEIREN T
W, yuwy TR AHAE, T 2d, SOWERICORELDTH D, AFPWPpL
J FWTEBRABEON BT, RALNBERMOMIERE (3LAL0850, 1EREY) BRI
> THE UCHAEENT 3, 1, 517 <P D Pseudotsuga menziesii® T3 ERTFLIEHHEE DR TR
DIREIHILOAMICE &b s, I—FOMUOHE LM LU EI PR bTHILOANER L2, D
SO I OB OEHRREEIC K - ThR OB AL 5,

HARZH OMERRIEIZ 5T, @z U BRI~ ict0sil 5 <, Tl RT3 Tbil &
ATE) BOTPICENT &2, Fi, 48 BE) 20 kbR, k2 ETiHndd’, [Hg (E
Bl 0RO EEDOND) BEESITREOFIRELTED, ARMCE, BEOHISEL T TRRTHE
DEDCHZT O, REDHWMNH L. IO AFI P ) F0QEZY QML TR ALEZRO
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ZNE D S TRILOBHBEONEN, TR SERAEL BB T 2HMPELBECEbMEIN TN S, #HHE
DA T — VR AT ZR % UichsR:, HEROEENATRETH BT ORT ~ Y VOZHTHRIR M
ENEES, BE56L, ARZHOMKIEERID, WEZBOKIETH 50y, HALOHBEINEN, D
T2 ORI & SERIENIBICA » 7278808, HALEBBLTERNRI sbDEBbh 3,

ZRBILANCRMENICHEA LTER 82 0k, SNTHREBEIL, Mk, MERIEICERE L2
B 20ES R, RRAEEELERES > TO5, BHOLY, BIEEINCER LR TR, 75
DLW ARERLIMOZR®, 7h <y OXEBOZRIL SO &R, BERIELNEh -k, T O
T &3, EARLE, KEBICE - 2R, 3o TIRICH T LR, BEAERNENSC
NETOEZEZFERLILBDENZI I D,

T OWHIE, BEEWABEHEFMR S RERREEWSREERE SRR ORFTIT- kb DTH
275, EHE, BHTORE, RHULAMBOMEREDRLER S BBENED T EDICH 72 X
¥, BERHABTEGFEHRETS - M EEITERICRIIAEED 27201  OBEERED - Tk
Wiz, BRI UTEHOBEZ S W2,

B, COPER, [FEEHOREENOKBICET AWI%K] L0 HHET, EHEKAEREER
X3, MESRBEENEBTHEZEZ a0 EEUEE LT, AF, /%, ATy, ThATY, 7
oY ERNRICHEIN TN b0 (Obikfil) 0—#fTh %,
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Explanation of plates

BEOHT (1~5) BZNTNOMIERT — Y %RT,

Number (1~5) of the photographs in plates indicates each developmental stage of female

strobili in P. thunbergii.

Plate 1
BATER 7 — UBID 7 o < v MEERTE D 518,
External features of female strobili at various stages in P. thunbergii.
B :%iff, OS : ik
B : bract scale, OS : ovuliferous scale.
& B 1 mm 2RY,

Note : One scale on the rulers in the photographs shows 1 mm.

Plate 2
BHTER 7 — DBD 7 v = 7 MERRTE DHEWT o
Longitudinal sections of female strobili at various stages in P. thunbergii.
B :H#E OS :HERE, M: Il MA : HILok.
B : bract scale, OS : ovuliferous scale, M : micropyle, MA : micropylar arms.
A :B1~B5: R, [J:1mm,
Note : B1~B5 are the same magnification. [__] in plate shows 1 mm.

Plate 3
BITEA 77— VAl 7 v< VHEERICOEBMN, O Rciy (523, LI D SEE.
Abaxial view of cone scales of female strobili at various stages in P. thunbergii (Cone
scales of the 3rd stair from the top on a given spiral line).
B :Hff, OS :HHE M: IR, MA RO, P : 1.
B : bract scale, OS : ovuliferous scale, M : micropyle, MA : micropylar arms, P : pollen
grain,
¥ :C1l~C5: A%, 1 1mm,

Note : C1~C5 are the same magnification. [_] in plate shows 1 mm.

Plate 4
BIIER 7 — VB, 7 vy MR OB 5 BB (5 4+ V5, EHEYD 3EBED,
Adaxial view of cone scales of female strobili at various stages in P. thunbergii (Cone
scales of the 3rd stair from the top on a given spiral line).
B :Hfff, OS %8, O: ¥k, M:EfL, P : ik,
B : bract scale, OS : ovuliferous scale, O : ovule, M : micropyle, P : pollen grain.
H:DI~D5: FEfEER, [J]:1mm,

Note : D1~D5 are the same magnification. in plate shows lmm.
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Plate 5
BIIE = 77— 20, 7 v = iMEERIE O IRERAE T i o
Longitudinal sections of ‘ovules of female strobili at various stages in P. thunbergii.
O ek, N :ZRh, 1Y, Ml MA - EqLom, P Bk, PT :{EB#E, EC:
fRE U 7o fifE o
O : ovule, N : nucellus, I : integument, M : micropyle, MA : micropylar arms, P : pollen

grain, PT : pollen tube, EC : elongated cells,

Plate 6
BIfE A 7 — YD 7 o=y MEERE .
Female strobili at stage 1l in P. thunbergii.
F 48, G~T : 2kl
F : external feature, G~J : pollination drop.
B gk, OS @Rk M : B, MA : BRfLok, PD 2Bk,
B : bract scale, OS : ovuliferous scale, M : micropyle, MA : micropylar arms, PD :

pollination drop.



— 96 — WEREBRG TS F 3025

The Developmental Stages of Female Strobili and the Appropriate

Period for Controlled Pollination in Pinus thunbergii PARL.

Mikio Sarro®, Chiaki Yamamoro®, Satosi Haciwara®,

Koozoo Koono® and Katuzoo Simopaira®

Summary

Controlled pollination has to be done during the most receptive period of female strobili,
in order to increase the yield of full seeds. The present investigation was carried out to
determine the appropriate period for controlled pollination in Pinus thunbergii Parw.

Flowering period of female strobili was divided into five developmental stages based on
their morphological and anatomical changes which take place since the bud opening till the
bud closing with thickened cone scales (Plates 1~6).

Trial pollination, which was carried out once in a certain developmental stage, gave the
highest yeild of full seeds when it was made in the stage III. This stage is thought to be
the appropriate time for controlled pollination.

About half of cone scales become visible out of the bud scales at the end of the stage II
and most of cone scales are exposed at the end of the stage III. The stage III was for six
days from the 6th day to the 11th day from bud opening of the female strobili set in the
middle part of crown. The morphological and anatomical features of female strobili at stage
III were as follows : The ovuliferous scales were larger than bract scales, and the spaces bet-
ween cone scales were widest. The micropylar arms were fully developed and were always
moist. The pollen grains adhered to the arms or the rim of micropyle when female strobili
were pollinated.

Under observation of the microscope, pollination drops were observed abundantly at the
stage III in the unpollinated female strobili. Transparent pollination drops were seen clearly
as droplets extending into the arms of the micropyle, When the female strobili were polli-
nated, the pollen grains on the pollen drop were transfered into the micropyle by withdrawing

of the pollen drop.

Received September 22, 1978

(1) (2) Silviculture Division

(3) Kanto Forest Tree Breeding Station (Present address : Kikuti District Forestry Office)

{4} Kanto Forest Tree Breeding Station (Present address : Hokkaido Forest Tree Breeding Station)
(5) Kanto Forest Tree Breeding Station (Present address : Gihu city, Japan)
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