81

MAROZEICE 9 5 FHBEHUFE (V)
< ¥ o B & =2 B

1@ B ® A
CRECR BN 22)

Fundamental Studies on Mating in Forest Trees (V)

Flowering and Pollination in Cryptomeria japonica

Hayato HASHIZUME

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

The process of flowering in C.japonica was divided into seven stages as shown
in Table 1. The female flowers started to flower during the period from late
January to mid February. The period of flowering of female flowers was 54~57
days. The beginning of flowering of male flowers was about 25 days later than
that of female flowers. The time and process of flowering varied according to
the year, individual trees, bagging and pollination. The period of flowering of
female flowers was prolonged to 10 days by the bagging. It was known that the
flowering of C. japonica is closely connected with the change of air temperature.
The flowering of female flowers seemed to start when the accumulated temper—
ature of maximum air temperature after January 1 reached to 300°C.

The secretion of pollination drops under natural conditions began 5 days after
the exposure of ovules, and it continued for 31~36 days. In general, the secretion
was abundant on the day of higher air temperature. Regarding diurnal changes,
it reached a maximum at 8~9 a. m. and decreased in the afternoon. As a result
of bagging, the amount of secretion increased and the period of secretion became
longer. 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 rapidly
after pollination. The period of the opening of micropyle in the bagging was
about 47 days. It was presumed that the receptive period of female flowers is
about 35 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, germi-
nated at the time of flower shutting, and began to penetrate into the nucellus
At this time, the cells of the nucellus-top degenerated and seemed to develop
into the conducting tissue.
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Table 1. Circumstances of flowering in C. japonica.*

B o ® B > OE H M 19694 | 19704 19724E

. . = AR H E S # A E2S
Process of flowering and days required Natural Natural Bagging Natural
conditions | conditions conditions

Lo 3 B .
Beginning of flower opening Feb. 11 Feb. 15 Feb. 15 Jan. 26

2 ® % B W
Exposure of ovules Feb. 16 Feb. 24 Feb. 24 Feb. b

3T B oWk
Beglnnmg of secretion of polli- Feb. 21 Mar, 1 Feb. 28 Feb. 10
nation drops

Tl B
Full bloom Mar., 7 Mar. 15 Mar. 12 Feb. 23

oS mw s wEk
End of sceretion of pollination Mar. 29 Apr. 1 Apr, 15 Feb.
drops

6. B T B A
Beginning of flower' shutting Mar. 26 Apr. 3 Apr. 7 Mar. 13

.M 4k s T
End of flower shutting Apr. 6 Apr. 13 Apr. 23 Mar. 23

oL TR B O MBI A
Beginning of pollen dispersion — Mar. 11 e Feb. 21

2 B Mk
End of pollen dispersion —_— Apr. b5 —_— Mar. 15

(o) & B
'

%
-J¥%

Process

BEAEBRALG 0 & 5BH % ¢ From beginning of
flower opening to full bloom 24 28 25 28

WRBRSE 5 3%B8 % ¢ From exposure of
ovules to full bloom 19 19 16 18

BB 5P ¥ ¢ From beginning
of secretion of pollination drops to full

bloom 14 14 12 13

BN B MW ME L % ¢ From full bloom
to end of secretion of pollination drops 22 17 34 4k

B0 & BATERRES & ¢ From full bloom to
beginning of flower shutting 19 19 26 19

WiBE B EATE5ET ¥ ¢ From full bloom to
end of flower shutting 30 29 42 29
SRV SR
Period of secretion of pollination drops 36 31 46 17

IRk 1 AT
Period of exposure of ovules 49 48 58 47

pAfEIANY
Period of flowering 54 57 67 57

TR AREIAN
Period of pollen dispersion _ 25 —_— 23

=

Days required

8 m

* 10MH{k DI, Average of 10 trees.

B OE S (1972422 H26R) VC}\I ¥3 UJzo Artifical pollination was done immediately after
full bloom, on February 26,
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Photo. 1. Flowering process of female flowers in C. japonica.

1, 2, 17 : BIEEAIOIE & RALOWIE, BALABIEDFICT TICBIT\ 5, 3, 18 © BITERIAI, 4, 19
IREREE (0, 5, 20 @ S WBRIA N, 6, 7, 21, 22! @iBAMl, ki & 7k > THED b b, 8, 9,
231 BRIEE (TR o TEIEOMINE L E 5, 10, 11, 24 BIEBRIG N, BRAGHI Uihd 2, 12, 13,
14, 25, 26 PA{EpE, BRELAIE 2 A EBIU 5, 15, 16, 27 1 PHILSE T, )

1, 2, 17 : Female flowers and the state of micropyle immediately before flowering. The micro-
pyle has opened before flower opening. 3, 18 : Stage of starting of flower opening. 4,19 : Stage
of exposure of ovules. 5, 20 : Stage of starting of pollination-drop secretion. 6, 7, 21, 22 : Stage
of full bloom. Pollination drops are observed on the micropyle. 8, 9, 23 : Late stage of full
bloom; after pollination. The secretion of pollination drops stops. 10,11,24:Stage of starting of
flower shutting. The closure of micropyle occurs. 12, 13, 14, 25, 26 : Mid stage of flower
shutting. The micropyle closes almost. 15, 16, 27 : Stage of ending of flower shutting.
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Photo. 2. Flowering process of male flowers in C. japonica.
1 BBTERT, 2 @ BE7EEAT. 3 ~4 @ BEfENM. 5 ~ 6 BE{LIHDIG L IEB G DIR
Yo 7~8 I HORMOWI (71 £ S 4 AAD. 9 [ BIIERET %o
1: Male flower before flowering. 2. Male flower immediately before
flowering. 3~4 : Male flowers at flowering stage. 5~6 ! Anthers at
flowering stage, and the release of pollen grains. 7~8 : Dehiscence of
anthers. The left of No. 7 shows the outside of scale, and the right,
the inside. 9 ! Male flower after flowering.

PO — Pl . A HARRAEC 37 2L OBEER Flowering
LS (S . Srarmm—— course of female flowers under natural
6 C‘ . s _A—“‘—S—“_’ conditions.
DA S ; bt B SN OBEA DML ORISR Flowering course
L, o— of female flowers covered with pollination
Nog — i 5 s 7 bags.
T mee——— MDD AR T (5 LRI o AHROMW
Mozt % ; 7 = - SRR WA IR T
o The numbers show the process of flowering
Ne22 ‘Z %, - s ; (see Table 1). The part of oblique lines
C————— shows the time of secretion of pollination
No.2 e = i drops.
— Pl — C  {BRAeE i Time of pollen dispersion.
R b B ) 0.5 U I 2R
— — The black-painted part shows the active
. period of pollen dispersion.
Fevic oMt 10 0 Apri 10 79 30
01970)

H—1.  fElkk XS X 5 BITEH O B0
Fig. 1. Differences of flowering time according
to individual trees and bagging.
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3. BATEHIESEEDOEE

IR X 5 A FOBIIEMIERIC Y - TH L B
bo THREBEOREIPEIC L > TEE DD THD L
b s, o BFMEERE OB E ST
1969~19724E0 L ~ 4 A &, B IEE S L oBkE
BT LE—2, H—2 0 tH5,

. BATEBRIAINZ 1972 E s 5 1 T4, 19694E L
- TR IME R TE ORI S B 23 5T B, HE
£—2., P B o K B A W B MBI & & B K&
Table 2. Air temperature, duration of sunshine and amount of rainfall at flowering time,
g PR CC) | RERE CC) | RE&E CC) | BRI () Bk & (
\ Climatic X CC FEERIR °C B C AT K & (om)
lement ., Maximum air Minimum air Durat'lon of Arpount of
4’;&\ Mean air temp. temp. temp. sunshine rainfall
Month ?fo;\\\ 1969 | 1070 | 1972 | 1969 | 1970 | 1972 | 1969 | 1970 | 1972 | 1969 | 1070 | 1972 | 1969 | 1070 | 1972
T 10 aay | 09 34 6.0 3.4 67 105 ~1.7 01 2.5 14.9 16.9 25.2 845 65 55.0
1 A i 10 da;ﬂ 3.2 15 7.3 7.4 5.0 109 0.1 —1.6| 4.0 37.9 28.9] 22.9] 69.5 117.0] 92.0
Tan. | o da§2 6.4 29 6.6 104 7.1 115 3.0 —0.1 2.0 14.7 37.6| 26.4] 76.0] 98.0 95.0
Yo v al 36 26 6.6 7.2 6.3 1100 0.6 —0.5 2.8 67.5 82.8 74.5 230.0| 280.5 242.0
10 dayfﬂ 3.5 2.6 6.1 7.5 6.7 88 03 —07 3.9 23.6 31.00 10.1 39.0 32.5 38.5
2 B Ha 10 da§2 6.9 6.6 6.1 11.4 12.20 10.00 3.2 1.3 2.5 28.7 65.7 29.6l €8.0| 23.5 38.0
Feb. | oto da§§ 2.0 5.3 2.3 43 89 6.3 0.1 2.3 —0.2 7.5 16.8 27.5 47.5 54.0 113.5
VoA a0 43 48 49 8.0 93 8.4 1.3 09 2.1 598 113.5 67.2 154.5110.0[ 190.0
£ 9] 38 28 39 s
£ 10 daye ) . . g 5.8 8.1 —0.1 0.0 0.3 s4.4 22.6 42.0 22.0 59.5 36.0
s g T 10 daﬁﬂ 5.5 3.4 87 95 7.4 13.4 1.6 0.2 3.9 26.5 26.8 40.0 47.0 40.5 47.5
Mar. | Foo0 da§§ 8.8 5.4 10.6 13.8 107 1571 4.3 0.9 4.8 5.0 76.5 51.1 37.0 16.5 30.0
T, &t el 39l 7.8 107 8.1 125 2.0 03] 3.1 119.3) 125.9) 133.1) 106.0| 116.5! 113.5
T 10 aayl | 87 94 0.3 187 144 129 3.6 41 54 451 59.1) 8.4 13.0 115 46.0
4 K . daﬁﬂ 13.1 117 4.6l 18.7 155 20.4] 7.3 8.4 8.6 74.3 50.1 75.2 48.5 103.0] 23.5
Apr. | o1 dafﬂ 152 12.1] 14.1 20.0 157 19.4] 10.0 8.4 8.8 56.3 50.5 75.3 36.5 5.5 23.5
Vg & Et 123 11 127) wsl 15.2 17.6 7.00 6.9 7.6 175.7 150.7) 188.9 98.0( 120.0] 93.0
% REREATANOKR, BRENS X CBKRER T,

Remarks ; Thick characters show air temperature, the duration of sunshine and the amount of rainfall during

flowering period, respectively.
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Fig.2. Changes of air temperature at flowering time.

° e & B & R Maximum air temperature

& K &

Minimum air temperature

A HTEOBIERD M EoBR AR, B 1ERER
Flowering course of female flowers under natural conditions.
The numbers show the process of flowering (see Table1).

B 1A Time of pollen dispersion.

KENZ GG H %R, Arrows indicate the time of full bloom.
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Table 3. Relation between flowering time and accumulated temperature, total
duration of sunshine or total rainfall.

At o B3 7k B o R #
i j Flowering of female flowers Pollen dispersion
BETE B #5 | o o | B AE 5% T .
Year BeginninE {Iﬁ‘mull B9 | End omf: B I | I
of flower flower A .
opening bloom shutting Beginning End
B 1969 Feb. 11 Mar. 7 Apr. 6 —_ _
e E 1970 Feb. 15 | Mar.15 | Apr. 13 | Mar. 1l | Apr. 5
g § 1972 Jan. 26 | Feb. 23 | Mar. 23 | Feb. 21 | Mar. 15
W 02 | Mean ? | Feb. 7 | Mar. 6 | Apr. 4 | Mar. 2 | Mar. 2
b 1969 156.5 255.0 469.8 — —_
o | 5 1970 132.5 263.0 457.2 247.2 371.9
5las e 1972 180.6 335.8 504.9 329.9 415.7
B os|. of I i
PG E | Yean 156.5 284.6 7.3 283.6 393.8
g
® g 1969 297.7 490.7 839.3 —_— —
T =k g- 1970 310.5 552.0 884.7 520.1 758.8
oS gEs | 1m2 294.8 549.5 842.7 534.0 714.7
fomsSsl ¥ _# 1 8 7.1 7
g 5 S ] ean 301.0 530.7 - 855.6 527. 36.8
Q
<
B 1969 23.4 50.6 127.8 — —_
e 2* 1970 — 19.4 10.1 73.4 9.9 27.5
c) ﬁég 1972 83.8 150.9 205.2 150.5 159.9
o | E 3
B=5 | Vean 28.9 70.5 135.5 80.2 93.7
% o 1969 96.2 147.7 267.3 — | —
;% g2 1970 142.5 234.8 397.8 221.1 354.4
B —S§ 1972 64.8 126.4 235.1 115.6 202.1
M5 | v n 1 168 .4 278.3
(h) &53 | Yean 101.2 169.6 300. : .
% 1969 269.0 399.0 403.5 — —_—
W _ 1970 3%6.0 471.0 541.5 452.0 516.5
K3 1972 209.0 340.0 519.0 322.5 485.5
- B 268.0 403.3 488.0 387.3 501.0
(mm) = Mean . . . . .

B, RSB OBOTRE R AR DI, Thb R OBEAERD bR,

b, ZAFOREHIEZ 1A 1 2R oRESSEORHAR L BROBE

I8 & BHCBE LT o METEOBIER B R I ORGE R

A0 Ol LR b BICkE B0 WMORGER ) KO ‘
BT 530°C, [l T ot s 550 Cen g, EPHAMOIIIE R~ Ol TH D, HA
T O TR T SR ORI A5k 530°C & &icky  VECH, ZRBOBMRIAE M S H-chxy,
%50 4RI X OHKR LB e e ORI UL, ABORBIA TSI
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Fig.4. Seasonal courses of secretion of pollination
drops.

SHUAEE  Degree of secretion.
0 HwiRL
No secretion.
1 gabios CERENEILD =, S0 @D bs)

Little secretion : Pollination drops are observed in
some scales of one female flower.

2 HWHREE CERRGHILONES OB RS bhs)
\Iedlate secretion:Pollination drops are observed in
about a half scale of one female flower.

3 HWE W GHREOIETEORIEL OB ICED i)
Copious secretion:Pollination drops are observed in
almost all scales of one female flower.

o BARRBEBICRIT A 4s Secretion under natural

conditions.
LS OB 4 D42 Secretion in bagging.
?FDM{TJBHEI%/J\?O Arrows indicate the time of full
bloom.

SRR AT 9 R IE U 7o

Pollination drops were
measured at 9 a.m.
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Fig.3. Relation between flowering time and
accumulated temperature of maximum
air temperature.

O——O 19694 SFNE LB, HSHRNISS X
ﬂﬂjE}DT)HﬂZ‘_)F?o

®—@® 19704 Arrows indicate the times

X——=X 19724 of beginning of flower

opening, full bloom and
end of flower shutting,
respectively.
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Fig.5. Diurnal courses of secretion of

pollination drops.

O—CO H#R Natural conditions
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Table 4.
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Amounts of secretion of pollination drops

bhs,

P EDHERMD, 2FOZBoBMIkOm By

9 W

conditions.®

Z, TNEIERBENERT HREEZ LTS DLEL

under different

oAb AR wa sttt mm, kafor | T YTV
1] %
In field, femaleln field, femaleln laboratory, [In laboratory,
flowers under (flowers covered female flowers female flowers
Individual [natural con- with pollinationion twigs put inlaid on moist
ditions bags water in beakerfilter-paper in
i Petri dish
|
w1 ul u1 o
1 0.26 1.77 0.59 3.70
2 0.24 1.48 0.48 3.70
3 0.16 0.63 0.41 2.73
4 0.09 0.66 0.47 3.61
5 0.20 0.92 0.37 2.97
6 0.16 0.59 —_— —_—
¥
Mean 0.19 1.01 0.46 3.34

* 1M 72 0 D ks, Amount of secretion per female flower.

ZFRi 9 IHAlE, Measured a

t 9 a. m.
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Photo. 3. Controlled pollination in C. japonica.
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AALICIEB BRI 25 5 o
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U, 3 BERICE S, WHRABCRIE N, DIREZRROSWNSE E 5,

1, 4 Ovules of full bloom stage.

Before pollination. 2, 3, 5: After

controlled pollination. Pollen grains adhere to the entrance of micropyle
in a group. 6 : A photograph taken 3 days after pollination to drops.
The drops were absorbed in the micropyle and thereafter the secretion

of micropylar fluid stopped.
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4 /
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1
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B 2 Time
M—6. ATEBHRBEZEATRLSh A
Bzl
Fig 6. Change in number of pollen grains

found in pollen chamber after
controlled pollination.
FHRATZEZH ORI ART (3 BL14E 490 9 B
)
The arrow indicates the time of controlled
pollination (pollinated at 9 a.m., on March
14).
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Fig. 7. Circumstances of closure of micropyle.
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RENL B A 278 ¢, Arrows indicate the time
of full bloom.
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Table 5. The state of opening of micropyle.
FEBREE s | iBEA S ERFLOBISE T ﬁfﬁﬁ%’i%%@ﬁkﬂ?ﬁiﬁi@ % 3L OB O 8 M| ERoRfEEETRN
BHBRET | ¥ TORK ful Pei’*iodaat which Period of opening of l:iﬁ 4 hich
. DR Days from full pollen grains are . 1 eriod at whic
B Dy trom | bioom 10 clonwre of | 3BI (0 Ba2 migrepy- | T B oS micropy-
Indi- exposure micropyle bloom lar canal
1
vidwal | - ol m B ATES (Mm% B\ ATRR (K 2 H|ATZR | K % H|ATEH
to tu Non- Controlled | Non- Controlled | Non- Controlled | Non- Controlled
bloom pollination|pollination | pollination| pollination| pollination| pollination; pollinatien| pollination
H 8] H H H H B B H
1 19 33 18 22 1 52 37 41 30
2 i8 32 18 20 8 50 36 38 26
3 18 24 18 13 10 42 36 31 28
4 13 36 18 15 8 49 31 28 21
5 13 31 14 25 8 44 27 38 21
Vead 16.2 31.2 17.2 19.0 9.0 47.4 33.4 35.2 25.2
TH%. HRILBPEEORIA LW S, BRILEOAE
e o o *h
SRHIEQHETICE 7R - CELERT 508, #WPE T e
BRbHFEVEDLDI, BEEN60 fihTh5, B
BRAHKCH Ulho 5, WAL OIS ERILEE O PIEE DT o
=
fabtichr s sk -tz s (B—9) , W2 A
. " - I3 o
THTRAHOM#EI R 205, COBRIEDND E
DTHDo LU, BRAOHBEREZRCL - CTEHFL L
EEnB, WD HEET O CaT s, O A
ATEHCRITAEZE iee X ¥OIEROERI0 ] R
% Sk = N
VC?}EZDZ’)) , (ILUIHT}Q TE@*Vﬁ>ﬂ}LTW%Lﬁ{%Z> Hﬁlﬂj \ *
A OIEN300 X DK NI BACER TR0 o e
B, ATZBTRHIBTHS, 2FORERENMRZ ol—s x \°\°/°‘,°0—\5""‘ a—g
I RIRIECIRAT~9F, SSH-CIAS8H TH B, HILDE OB oK o K
ﬂﬁHFﬂﬁbiﬂE;’ﬁfk&Ti‘jMEl ANTZHciR33ETH 5 Number of pollen grains/pollen chamber
» AR OBRSAFEEAT AR TGS HE, A K-8, IEREAELET NN O
TR THBHECEHED, LirdioT, SHOEBLDTH Fig. 8. Number of pollen grains present in
2, 35 pollen chamber.
TH@WM RSBWEHEES RS, o O [E#F5 Open pollination
6. ERBAOEHHON, BHROEHOTHEE @ @ AT Controlled pollination
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1AM, AT2Eck 0 ~14(8, 53, 9D R
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ZRHROTRE QT & IR OZ (b % B — 9 wUR
Fo B ENICA - BRI ENND 5 Hic s 2 i
U, WABSHMOTRIC X - TN ¥ ic il LAs S
n, —HREROETCELET 2. B U ibihid ik
Ik > CHUEE e iET 5, £ UCERILOEEET %
EACTEREN D DI RO HER T3 ERIRD B, 1L
BORFER 3 Aokb b 4 A LAaCED bRk, L
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Table 6. Number of pollen grains found in SEICLEERTRS % & A TERE R AE R U HERINT
pollen chamber. BAT B, ATRHOBAR, HMiEHEMICHIHE
w2 ow CJo\m E(}lle% pjﬁm OIERHASEEL T B, ThbIIEIEREC S

&l (S Open pollination | 5. HELTHOVCRATSE X Thb,
Individual |32 ¥ | BHIE #|f BH S0 OIREEREOZE L O 5 BLERFLOMISEI DWW
Mean Range Mean Range CRT IR, b 5—oEE T X2k
1 2.9 0~15 5.7 1~14 DI OMOIRILTH 5, HEIHOZRLTEIBOK
2 05 | 0~5 3.3 | 0~12 FIC R EUEE DT LT 508, BRILOSEIS &I
8 0.9 1 0~3 430 0~I2 m e picinn R FUREASHER L CARET B, BTG
4 2.1 0~9 AL 0L e b B IR AT 5 € AT
> 07 1 051 231 010 mpmemsshd, MRRELOSSRCRTC
Nean T | L4 | 0~ 39| 02~18  mn, FEERORIEIIKBKC X -5 5%
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Fig. 9. The behavior of pollen grains and the change of ovular tissue
after pollination.
1~3 @ 4Eat, 1RO 2 s i 22l L L5 L LTws (3 HI0H) o 4~6
BTG . SRILOMIR & BOIE B ORMOE LA 5 (3 ABE~4 4 28] o T~
9 TPAILSE T IEBYE OBROLAOERA LIRD S M OREAEBL LD (478

n o

1~3 : Full bloom stage. The embryo sac mother cell is starting the somatic

cell division(March 10). 4 ~6 : Early stage of flower shutting. The closure of
micropyle and the degneration of cells at the top of nucellus occur (March 28
~April 2). 7~9 :Stage of ending of flower shutting. The penetration of

pollen tubes into the nucellus and the meiosis of embryo sac mother cells are
observed (April 8 ).
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