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Fundamental Studies on Mating in I'orest Trees Vi

The Mechanism of Flowering and Pollination and the Determination of

Favourable Time for Controlied pollination in Chamaecyparis obtusa

Hayato HasHIZUME

(Department of Silviculture, Faculty of Agriculture, Tottori University)

The process of flowering of female flowers was divided into seven stages
as shown in Table 1. The female flowers started to flower during the period
from late March to early April. The period of flowering of female flowers
was about a month. The beginning of flowering of male flowers was about
10 days later than that of female flowers. The time and process of flowering
varied according to the year, individual trees, bagging, etc. The flowering
began when the mean air temperature of 10 days rose to 9~10°C.

The secretion of pollination drops under natural conditions began a few
days after the exposure of ovules, and it continued for 14~17 days. In gen-
eral, the secretion was abundant on the day of higher temperature and higher
moisture. Regarding diurnal changes, it reached 2 maximum at 8 a.m. and
decreased in the afternoon. The amount of secretion was increased by cov—
ering with a pollination bag. It was known that a pollination drop serves for
catching pollen grains and transferring them to the pollen chamber.

Although the micropyle had opened before flowering, it began to close ra—
pidly after pollination. The period of the opening of micropyle in the bagging
was about 25 days. The ratio of ovules pollinated and the number of pollen
grains in the pollen chamber were increased by controlled pollination. The
pollen grains transferred to the pollen chamber cast off the pollen exine at
once and began to germinate at the time of flower shutting. The cells of
the nucellus-top degenerated at the time of flower shutting.

As a result of controlled pollination, it was known that the receptive period
of female flowers is from the stage of beginning of flower opening to the
stage of beginning of flower shutting~—about 20 days. The development of
cones and seeds was better in pollinations during the period from about 5
days before full bloom to the early stage of full bloom. On the other hand,
seed fertility was higher in pollinations during the period of each 5 days
before and after full bloom. From these results, it may be concluded that a
period from about 5 days before full bloom (the stage of exposure of ovules)

BRSPS e RE XXV 1974



WA DI 5 F TS (VD 71

to the early stage of full bloom is the most favourable time for controlled
pollination. Judging from seed fertility, however, a period of about 10 days
before and after full bloom seems to be the favourable time for controlled

pollination.
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Table 1. Circumstances of flowering in Ck. obtusa*

. - % 19694 1970 4£ 1972 4
Bk o @ o o OB oA M 9694 [ 2
P f f1 i dd ired N i ﬁli Nﬁt f?\ = NE‘C 159\ = 0
rocess of flowering and days require atura atura . atura .
8 conditions! condtions Bagging | conditions | 0288178
B B A
1. ﬁeginning of ﬂowemr opening Mar. 27 | Apr. 8 | Apr. 7| Mar. 27 | Mar. 26
2. Exposure of ovules Mar. 31 Apr. 10 | Apr. 9| Mar. 30| Mar. 29
Mg 3% OB W S W DA,
Beginning of secretion of polli- | Apr. 5! Apr. 10 | Apr. 10 | Apr. 1| Apr. 1
nation drops
it B .
. 4, IITLII blOOl’I{r Apr. 8| Apr. 16| Apr. 15| Apr. 51 Apr. 3
% ;
,IM—"’ ~~ Bﬂ ’rE Bﬁ i{A - -
«qg ? 5. Beginning of flower shutting Apr. 19 | Apr. 23| Apr. 24 | Apr. 13 | Apr. 14
& 6. ZTHBW AW L
A * End of secretion of pollination | Apr. 22| Apr. 27 | Apr. 29| Apr. 15| Apr. 19
Bl drops
7. Fnd of Flower shutting Apr. 26 | May 2| May 7| Apr. 21| Apr. 22
16 B A B R — I
1. Beginning ofnpotilen dispersion Apr. 19 Apr. 6
HEV L ge o 1 _
# *  Active period of pollen disper— —- | Apr. 20~22 —— | Apr.10~12 —_
sion
B g 19 B L
28 End of polle: dispersion Apr. 26 Apr. 18
| BETERAks 2 BB % ¢ From beginning of
! flower opening to full bloom 2 8 8 9 8
IREREE s BiliBH ¥ ¢ From exposure of 8 6 6 6 5
ovules to full bloom
LW Bl % T From begin-
ning of secretion of pollination drops 3 6 5 4 2
to full bloom
i (%Eﬁﬁx&%’jﬁ["ﬁ]ﬁl‘if From full bloom 11 7 9 8 11
9 beginning of flower shutting
EE (ﬁﬁ%?ﬁlgx*’}}z&ﬁ‘u&ﬁ'ﬁif rI‘Om_ ful.l
g | bloom to end of secretion of pollination 14 11 14 10 16
« | drops
B 5 | @B BEIESET £ From full bloom
E to end of flower shutting 18 16 22 16 19
SRS IR
% I%eriod of sechretion of pollination drops 17 17 19 14 18
HRZRTE (1A RS
Perigd l)f gxposure of ovules 26 22 2 22 24
BEALIA R
perlodaof flowering 30 24 30 2 27
TR . . "
Period of pollen dispersion
W HAEOH | HIEOHES HETED LS >
) SN f1 f
Sflowers 5 flowers S flowers
Remarks small abundant abundant

* 4 fE{k DYy Average of 4 trees.
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Photo. 1. Flowering process of female flowers in Chamaecyparis oblusa

A, B, J
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H, N : PAJEBEMI. BRALDEH G 5, 1, O @ BHTESE T,

A, B, J : Female flowers and the state of micropyle immediately before flowering. The
micropyle has opened before flower opening. G, K : Stage of starting of flower opening.
D, L : Stage of starting of pollination-drop secretion. E, F, M : Stage of full bloom. Pol-
lination drops are observed on the micropyle. G : Stage of ending of pollination-drop
secretion. H,N : Stage of starting of flower shutting. The closure of micropyle occurs. I,

O : Stage of ending of flower shutting.
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R—1. fEfkes XS X5 BITERO Bt
Fig. 1. Differences of flowering time according
to individual trees and bagging

A BRRBICED ZHTEOBITERE  Flowering
course of female flowers under natural con-
ditions

B EHOBRSOMILONTRE Flowering course
of female flowers covered with pollination
bags
Hrppilbo#R e T (E-181) , fHroil
RS2 W% "3, The numbers show
the process of flowering (see Table 1). The
part of oblique lines shows the time of se—
cretion of pollination drops.

C TEEREI Time of pollen dispersion

B D D8 Uk iR TSI 7R T,
The black-painted part shows the active pe-
riod of pollen dispersion.
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Table 2. Air temperature at flowering time
£ E Year
1968 1969 1970 1972
HEAEDBATE BOJE B3 dn . Mar. 27 | Mar. 27 | Apr. 8 | Mar. 27
Flowering Beginning of flower opening
of female LN Apr. 4 | Apr. 8 | Apr. 16 | Apr. 5
flowers 5 e
M % T
End of flower shutting Apr. 26 Apr. 26 May 2 Apr. 21
TEB ORI B I Beginning  — e Apr. 19 Apr. 6
Pollen
dispersion o T End e e Apr. 26 Apr. 18
) 3 Apd] mid Mar, 7.3 5.5 3.4 8.7
FHEE (O | 35 Fg late Mar 9.2 8.8 5.4 10.6
Mean air 4 A LA early Apr. 11.3 8.7 9.4 9.3
temperature 4 JrhE] mid  Apr. 12.2 13.1 11.7 14.6
4 A 4 late Apr. 12.9 15.2 12.1 14.1
5 B 4} early May 14.9 18.4 16.5 16.5
3 Ahd] mid Mar. 13.1 9.5 7.4 13.4
1= M O
BEESAE (O | 35974 late Mar 13.4 13.6 10.7 157
Maximum air 4 A I-f) early Apr. 17.6 13.7 14.4 12.9
temperature 4 Hdifd) mid Apr. 16.4 18.7 15.5 20.4
4 A4 late Apr. 17.3 20.0 15.7 19.4
5 B ) early May 19.3 24.9 20.2 21.5
3 Arh4] mid Mar. 1.9 1.6 0.2 3.9
=, P =
BESE (O | 3574 late Mar 4.7 4.3 0.9 4.8
Minimum air 4 § -4 early Apr. 5.6 3.6 4.1 5.4
temperature 4 Ah4) mid Apr. 8.1 7.3 8.4 8.6
4 A4 late Apr. 8.4 10.0 8.4 8.8
5 H A early May 9.8 11.3 13.4 11.5
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VRSB OE R S R LB B WE oMl ©
¥ Bo RO NI X » TRES Nz, FiodE
BHC X o TR X MBI oA S DR I
sit. ERHEOHWMERRENLO B H K D0 THD
E, —RCAINIRIR BRI B v B KEATH
%o WO H %O BE 7 &I METE O A Wik 055 1
LTCWb500A515,

HiioZ e onwTH b e (W—3) , SRS
8 HFLEEAC, WRED LA SERIEE 2D, &7
TN 50 —BICHMIFFICE <, FHRLTNE
A CHbo HIBD X HCHWEBZEHIC L - CHEMTS
B, EOAOKRBEOEELML 2, HRAOR WD

HETHMWER L S IMOEENE L Bikd, 2@
I Y T wmorsEE, B, BAX S OERB/D
N%. DWBOLZ WK, LRWABEZ L5 THo,
4 RSO T ool Gl EeEHR LN 8)
FRE LTk E—3 O ¢ & 5, WML
272 0 O HRRERC 3 1) 5w, BROHCEY
0.09u1, WRDORT0.29: ¢h %, HHOBER, B
KO HT0.191, WERo R 0.54ul ¢, HRRECL
RCAWBIR 2 BRI LT 5, SEBRERAR
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Fig. 2. Seasonal courses of secreuon of pollination
20 drops
5}wgz Degree of secretion
15 ,q‘*/_/_j::\o W7z L No secretion
10 . A 1 JJ\?JA/J‘KCD\ (R IPIEOZ, ZOBFIciDd b
%) Small secretion: Pollination drops are
observed in some scales of one female flower
100 2 DU CZRE ML DR OB ICD Bh
X %) Mediate secretlon : Polliantion drops are
75 L observed in about a half scale of one female
50 ~—o flower
3 ﬁm@b\ LB DSE LD IE IO BT ICERD B
] %) oplous secretion : Pollination drops are
03k observed in almost all scales of one female
) X o flower
*~.. e s HRICED B4 Secretion under natural
SXe s condluons
T~ ~ o————o LSHDILA DS ML Secrteion in bagging
0.2+ LN BIE #5Rd Arrows indicate the time of full
oom.
X\ SRR VAT O BRI JlE L7 Pollination drops were
oy X measured at 9 a.m.
o X X
01+ \o\\\o\ T —
o ~
\8 _____ RS -0
T o0 S3ihE Amount of secretion
L L ; ) , e H)ﬁk Natural condition
12 - -~ %l Bagging
8 105# a e 15 18 O 47140 &4 JT16H ®4y, B The mean of

3. Z B H W o H hE
Fig. 3. Djurnal courses of secretion of polli-
nation drops

April 14 and April 16, tine weather
4 A20H, ¥ April 20, rainy weather
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Table 3. Amounts of secretion of pollination drops

fal | ® @ | wwe R e | B A s 4
Natural B .
o conditions agsing
Individual Weather Date 41/ 2 flower 1/ flower
No. 1 (1 Apr. 16 0.14 0.16
i
No. 2 I Apr. 23 0.05 0.10
B !

No. 3 Clear i Apr. 23 0.05 0.33
No. 4 | Apr. 16 0.10 0.16
¥oooB '

Mean 0.09 0.19
No. 1 [ [ 0.16 0.29

E
No. 2 | ) 0.25 0.64
ﬂrl { A {
pr. 20

No. 3 Raing ] 1 0.30 0.56
No 4’ { 0.46 0.66
Neean 2 — | — 0.29 0.54

b ZE 9 B 5E Measured at 9 a.m.

Ei— 2. AL B o kiR

Photo. 2. Controlled pollination in Chamascyparis obtusa
A, E iGBIEOMIIL, 28, B, F I HWERNLEOERRER LSS, C, G DIEBHEZHL
728, BRILAMCIESIILRICH 5T 5, D I ZRIC X2 EON B, /4, B w5 , GHIKH,
BBPOENTL XS DB OTERE LT 5o WMEABCRIN I, LIS ZBROM M EE 5,
A.E : Female flowers of full bloom stage. Before pollination. B,F : Cases in which relatively
small quantity of pollen was pollinated. C,G : Cases in which a large quantity of pollen was
pollinated. Pollen grains adhere to the entrance of micropyle in a group. D : Disappearance
of pollination drops by pollination. Left (two pollination drops) ; unpollinated control. Right
(arrow) ; after a small quantity of pollen was pollinated to drops. The drops are absorbed
in the micropyle after pollination and thereafter the secretion of micropylar fluid stops.
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NCHAOTNETNR DB OEELbRS, ThbDT
LD, ERERIEBEHIRL, ThaibhBEGERT
HREEE > TC0WH EEZT I,

5. ERFLoOBIO & L OB

BILOBED LB ORIEN— 4 ~ 5 B L'EK—4 D
W TH B BRALZBIEOHIN BRIV D, KRS
WeBEH TS X5 wis LD LHe BEID UcBRILAs
BBND HIERLLREAEROBETH B0 IHEE
BRHO U CHRILBOBPEROERMET S &, BAED

TB}(;O
600

400

200

600

B BOWE Width of micropylar canal

400

20

1
Mar. 25 31 Apr. 10 20 30

B B Date

Ml—a. pmsrotE & gl omsiki
Fig. 4. Growth of ovules and closure of -micropyle

REEDE X Length of ovules
O----O B#&5% Open pollination

X——~--X 4E3¥ Non-pollination
ZFIEOE Width of micropylar canal
O——0O HB#2¥ Open pollination
X——X 52 Non-pollinatton

RENIEBE R A#xd  Arrows indicate the time of
full bloom.

200

KEEDEE Length of ovules

RKEIRPROERICHE > THEAL, W OEICHRK
s, MM OB%ILER, EE () 8 70~75u, &
& (%) 250~05uC, FH60~65u CH B, BRIl
FRR A Tl %, BRILOMSEIIEILIEO NEEC

5.2 Bt oK BHEH oKL
Fig. 5. The Change of ovular tissue after polli-
nation

1~4 :3ERA, BRARBEO L TW5, BRI 1 ~
2MEHORO » Rl Es bh b (438 ~14FH) , 5
~7 *TAERIA, BRILTE DB & Bl T oA 3R
LR 2, RO S Bl ORENZEBHBRD (4 A
20~241) o 8 I BfESE T, BOS M A DB

bo

1~4 : Full bloom stage. The micropyle opens and
the embryo sac mother cell is observed in the
nucellus (April 8~14). 5~7 : Stage of starting of
flower shutting. The closure of micropylar canal
and the degeneration of cells at the top of nuce-
llus occur. The meiosis of embryo sac mother
cells is observed (April 20~24). 8 : Stage of ending
of flower shutting. The formation of embryo sac
cell (megaspore) is observed (April 27).
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Table 4. The state of opening of micropyle

=2 op | - it B o 5 fL % @ 8 7
LSRR BRALBALIAR Period at which pollenl_grains ar: ableFJ to pass
Period of Period of micropylar canal
F Bl k| exposure of opening of - = w =
M £ o
Indie ovules micropyle Non-pollination Pollination
YA lvidual| g Z W | Z B | MW B W | MBI PR | 4 o | M | BRI | 5 g
Non- Polli Non- : Before| After | ¥ "' | Before| After | © ®
: i- . Polli-
pollina— polli- full full Total full full Total
tion nation nation | nation | bloom | bloom ota bloom | bloom
H A H H H H H H H H
No. 1 30 27 30 24 8 14 22 8 13 21
. No. 3 28 28 28 25 10 12 22 10 11 21
969
No. 4 22 22 22 17 8 7 15 8 5 13
No. 5 31 28 25 25 10 12 22 10 10 20
No. 1 33 22 24 20 6 10 16 7 7 14
1970
No. 15 23 22 23 18 5 9 14 5 6 11
SE ¥ Mean 27.8 24.8 25.3 21.5 7.8 10.7 18.5 8.0 8.7 16.7
PSSR IER SN B 2 L X » TR T B, BISEMIIIE
SB U DRCHE L CERILE 5 & <o PASMRALI R
YIBRFLEEO R E R 3, R L FHEE AAJERR A3 %o
B, B TINCRBALEAICSS < HEIRE S ool
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Table 5. Results of controlled pollination in different flowering processes¥
B ) LY Flowering process . No. of | Cone Cone size DEE | TR TER Seed | 1,000- Seed
PO ot tomale owers | S5700n [58le |y s [ g verany Noof Seed, || sied | germi
time in bagging pollination|polli~ Length| mleter weight | /cone | /cone WeIght| for 21
(days) drops nated | o | ) | (w) | G @) | @ | |9
-8 BTk B M - 10| 1200 | 9.7 | 11.0 | 625 | 344 71 | 8.3 | 2.05 | 12.7
—~5+2 |BEEME~ —~ 4 | 47| 100 | 105 | 11.4 | 730 | 35.8 77 | 35 | 2.6 | 311
- B S UABRRA : ’ ) :
042 | SEEmi~inEmE | 4~ | 114 | 100 | 10.0 | 11.1 | 695 | 36.6 76 | 3.4 | 2.08 | 27.3
+5+2 | EEE~MERE | 4~ | 125 98 | 9.8 | 11.0 | 654 | 33.8 71| 3.4 | 2.00 | 320
+10+ 2 R~ + ~ H# 146 53 8.4 9.2 414 33.5 46 3.0 1.34 4.1
+15+ 2 AL~ | — ~ + 115 6 4.5 4.7 92 10.3 11 1.1 0.42 2.9
+20x2 | MR~ T - 95 1] 35| 35| 17| 10 1| 06 ] 025 | 0
Bl 98 o 33| 32| 1| o o o |o 0
BRZh o5 | 9 | 96| 100 | 610 | 332 | 61 | 33| 1.8 | 3.6

* -8 HRRWTS BOFEEERT,
R EE O) kLT B (-) & (+) OBRTET,
bloom day.

Showed the average of 5 trees except —8 days.

The time of pollination was shown on the basis of full-
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Table 6. Receptive period of female flowers and favourable time for controlled pollination

\ 2 7 AT ZHoaMm
¥t o B oB| R ??ﬁﬁiﬁ}%\%ig Receptfirve ngjiod Eﬂf Favoux%ble mlxlle for
Flowering process of female flowe female flowers controlled pollination
R 8P ver it (% Days) (B3 Days)
BATEBERA | RBEER i BATERRRAIA controlled ] % . %
eginning | Exposure eginnin which fertile Before ter Before ter
patent | of flower | ¢ ivules Full bloom) oG008 | (o s were foil | fat | Total dgar | g | Tt
opening shutting obtained bloom | bloom bloom | bloom
®
1970 No. 1| Apr. 6 Apr. 8 Apr. 14 Apr. 25 Apr. 13 ~ 27 ® 13 21 — 9 —
No. 10 | Apr. 9 Apr. 12 Apr. 18 Apr. 25 Apr. 13 ~ 27 ()] 9 18 5 5 10
No. 1| Mar. 25 Mar. 28 Apr. 2 Apr. 14 Mar. 25~Apr.13 8 1 19 8 2 10
1972 No. 13| Mar. 27 Mar. 31 Apr. 4 Apr. 14 Mar, 30~Apr.18 ® 14 22 2 9 1
No. 15| Mar. 23 | Mar. 25 | Mar, 30 | Apr. 10 | Mar.25~Apr. 8 ()] 9 16 1. 5 7 12
£ #5 Mean Mar. 30 Apr. 2 Apr. 7 Apr. 18 Apr. 3~Apr. 19 8 11 19 5 6 11

* () PIEE REERT, The number in parentheses shows estimated days.
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