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Flowering, Pollination, Pollen Collection and Pollen

Germination in Fagus and Quercus Species

Hayato HASHIZUME

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

1. The flowering of Fagus crenata was investigated in 1974. The flower
buds started to flower during the period from late March to early April, and
during the first half of late April the flowering proceeded to the stage of full
bloom. The receptive period of female flowers and the period of pollen dis-
persal seemed to be 7—10 days. The process of flowering in F. crenate was
divided into five stages. The flowering began when the mean air temperature
of 10 days rose to 2°C.

2. The stigma of F. crenata had three branches and recurved at the receptive
time. It was known that pollen grains adhere to the surface of stigmas.

3. In F~ crenata, the pollen grains having normal germinative power could be

collected about 7 days before natural pollen dispersal by means of planting the

branches with flower buds into water. It was known that F. crenata produces
about 240 thousand pollen grains per inflorescence and about 900 thousand
pollen grains per flower bud.

4. Regarding the shape of Fagus and Quercus pollen, the dry pollen was gener-
ally oval but the swollen pollen was, for the most part, round. The type of
Fagus and Quercus pollen was the tricolporate pollen. The order of the size of
pollen grains was as follows: F. crenata (46/1)> Q. dentala(37u) = Q. mongolica var.
grosseserrata (37 u )> Q. serrata (33 1 )= Q. acutissima (324 ).

5. The germination percentage of mature pollen of Fugus and Quercus was more
than 93 percent. The pollen grains began to germinate rapidly after sowing
and almost all the pollen germinated after 24 hours. Optimal conditions for
the artificial germination of pollen were pH 6.5, 20 % sucrose, 1 % agar and 25°C
on F. crenalte and Q. acutissima and pH 5.5, 20 % sucrose, 1% agar and 35°C on

Q. serrata, Q. mongolica var. grosseserrata and Q. dentata.
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Photo. 1.

1: Leaf buds (left) and flower buds (rightXlate March).

Stage of starting of flower opening.
and male inflorescences appear (mid April).

flowers appears and madle inflorescences are pendent (April 20).
9: New shoot bearing only male inflorescences.
11-12: Male inflorescences shortly before shedding pollen

inflorescences.
bloom. The stigmas jut out and recurve (April 23).
(April 23).

(April 20).
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13: Sequence of development of male inflorescences.
stage of end of flowering. The stigmas wither and bend (May 4).

2: Flower buds have began to grow (late March).
The perianth of male flowers comes out (early April). 5: Peduncles elongate
6: Female inflorescences appear (April 20).
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Flowering in Fagus crenata.

3-4:

7. The style of female
8: New shoot bearing both female and male
10: Female inflorescence at the stage of full

14--15: Female and male inflorescences at the
16: The state of flowering in Fagus crenata
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Table 1. Climatic data during the time of flowering of beech.
A 5| S48 Air temperature (°C) o | Ak % EZDEE.;}I pd
Date b ¥ b 7 1% Humidity Rainfall of
(19744) Mean Max. Min, (%) (om) s?:n\:v)s
.2 A TALaver part of Feb. | Ll 2.6 -7 8 78.7 9.3
3 H L First part of Mar. | 21 | 7z | U % | 6.4 | 7.2
3 B rh/A) Middle part of Mar. 1.5 5.0 — 4.7 76 52.0 49.0
3 B F4) Latter part of Mar. 2.1 7.0 — 2.9 74 37.3 23.2
3ﬁ0)5}zi’;]MeanofMarch ) 1.5 6.4 — 3.5 75 156.7 48.3
4 H A First part of Apr. | 71 | Bo | s M 116.0 | 50
4 H /) Middle part of Apr. 10.9 18.8 — 2.2 56 28.7 0
4 HF/) Latter part of Apr. 12.0 18.3 5.6 63 50.2 —
4Ha)$t’;j Mean of April 10.0 16.7 3.3 64 194.9 —
5 H F4 First part of May | 122 | wo | s T 8 | 179 | .
* BEUCRF R IS B AT (FEE580 m ) TERR 5,
* % BABIISHERT,
H20B » 5 1 @ETH -7z, QiREDOBFEEADL L, 513 England @ KewigfhE C¢124&0 3 — 1 v /87

2 A TR FHaE,»-1.1°C, 3AmE TR 2.1
°C, 4 Adaixl0.9°C, 4 ATEIXI2Z CTH R, T
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o FHEEA2CIZE S EHF S5 HRMIELIED
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ML L5 T ¥ 5. ML HAEDMTERTEL T e
NO~3D4ENIHT TV BA, MEETIIEEEA I L
1H SIS Stage 1) » SHEEEAA5EA 12 IM L 2R
(Stage 2) ¥ CEZHOEI(ZELM)E L Tw 5,

HIE T, TEMREBNREE Stage 1, TEHREUEZE

( Fagus silvatica)
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Photo. 2. Pollination and pollen collection in Fagus crenaia.

1: Stigmas of female flowers at full-bloom stage (April 23). 2—3: After controlled pollination. Pollen grains ad-
here to the Surfe}ce of stigmas. 4: The back side of stigmas. 5—6: Stigmas of female flowers at the stage of
end of flowering (May 4). 7: Two pollen grains observed in open pollination (May 4). 8-9: Pollen collection

by planting branches with flower buds into water.
inflorescences plucked off from shoots.
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9: Excised branches covered with a vinyl bag. 10: Male

25, EEOEERECHMIZ 4 BHTH 5, 73T
VEBTIES R UIED A5 L & HEEA MBI B b
MBI BH RV E W), RIFRIZEN TR, KHER
BB 7FHPEFL TIN50 s
BIENTELR kD, BEMMIz -9y 37D



T e LU aF T EHEORMIE, 28, EBOREL L UTRHORFIZTONT 99

WAL BEL, T~10HMO X ICBbh b, Mt
HEFE O BEREINC > W T, B AR & 0 b <
SR E LN A TR E L, EMPE NS 2R TER S
AR E D L HERVWEITH B, a—0 v/ 7F L
EHE T e B (metandry ) D L 9 12 b 1L 5,

2. Jr0%H
BROPRIRIIBE—2 DML T 5, HHEIOMTEZ
T E 21T 5 L, BTS00 L 2o £ (k
) Lk HET 2, BHIZEABOEVEBIEELT
BY. o5z v, HIEHORE 12 SEEEE
ATV LS Th D, BIESST MO % BMEE T3
Nk 2 A, RO R ICTEBRPEE L T30 48
N, BAREOLRMTIE 7T OTEREIL3AE L -

TwaE3 VT FOEERIEE DL RPEDIIGANT
B0, AL RS & 8 2 CRAL TRz E o
TOrH, W3R L ABEOEFIC L HET S0
T, o HARETH D EEL SN B, MRS T
FOORMT, LHOBEHAAET 285 HEE ©
5 L RESNT S, Nielsen @ 5L 7+ 0Bk .
I Z-o e L Twd &L Tnb, 213D
MET DR 3 M A BTV,

3. ERMORELEES

1H T 4, 38 bW, 3ATFm,. 4 ALMsLU4H
Tz BERE2.5~3m, EX1.5~2mDEFOFEL &
TFOMEYN L OBENTAITLLE, Z0ORILE?
KOBNTH B, 1L H T & - 2R L RTE

2% UWnEoOKRLIZE S 7 OO E
Table 2. Collection of Fagus crenata pollen by planting branches with flower buds into water.
BB | B HERIEGOTEORIE | 8 o | Al 2 6| 16 B o thoxx| F Rk | MK B F £ HEER
i # TeMCUE M TEH R RO WA & x| iy
FCHELEL
Collecting | Mother State of flower Date of Days Quantity Diameter Normal Abortive | Pollen Pollen
date of trees buds when pollen from of pollen of pollen pollen polien germination | tube
branches branches were dispersion planting collected length
collected to pollen
dispersion (#) %) (%) %) ()
BT
_ ERANE ¢ 7
ii?% No.3 | AHOIRKE wF - i} 33.3 | 9.0 1.0 0 0
9H 2S5 H )
(—74H)
3AS5H . TN - .. 1 3 H20H B 38.7 95.2
(—a6H) No. 3 FHAHPLALCLET (—31H) 15H (+) 7.9 | @7 4.8 2 83
EHFELHH, —
3 A27R o cfto |4 H6H R A% o
| M3 | st s | (g | 108 o s | e 4.1 83 219
ha
4H8H _ . 4 H17H AN 45.7 91.2 )
(—167) No. 1 7 I (—7H) 9H (i) (63.8) (0.3) 8.8 96 401
KEAFDIEF T
(4,’51128;]) No.3 | FEDTERASMEBI (“"ﬁ;?f) 8H (g “; 4.2 | 96.6 3.4 87 301
Hbhs H
HEMERR TR & & 3
iﬁﬁﬁ Nol | B%BE- T HMEBI ﬁg?? 4H ig B2 | e 7.1 98 1,284
Hbhns
HETECLETER A TR
4 Ha20m Ut 5o MEAET | 4 FI21H i £ .
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Table 3. Pollen production by Fagus crenata.

DUAEFFHEEL TV 3, MEFIZLE—> DI 1 {H#
FHELTwIP, 2HEFEL T IFLEELR5N 5,
16 % 0 TR P15, LA, 1 #7640 35w ol
0. AT S 5, 1 HET LD 1L 8 & SRS
TN LA, 1,326~1, 7408, T8 1, 55580 TER
MABZoh, 2hadbelZ UCEHET 2, 1R
W TERPRIO B A916, 0008, 1 16564 v 16RO BT
F24TR, 1 B3 0 fERIOBUIRI0TIRLE £ 5, 1
EORIZENZIFRENEET 2H2PFEL T B VA,
BREOFIZIZES 1.5 m Oz 100N _ Lo TEHE D
5N 5, 7HIERBAETH 2L b TwE A 20FHE
PETEE V7 LOBOTEM A EEE N L2812 % 5,

4. FEHOREE
ThHE T FHEOEBOBRIEIEE-30ML Th b,
WAHEER I EERE Y —~ I v b BT T b7 2 R
METHREL CHEL o RETEMI SV L - X
U=V CEHAL TBEL 72, B0, fegilc
FERBE L LITIFAMEC, BB O EBEIRD R
FHEAFHY, TR CEBIEEDO L bIIE STV 5,
IEERICIE. M, ZARME, IR, 0L &8
HENDLH, 7 XX EEHRMERLEEAIEO L DA%
PEC, RRELEROENMUOBEL ) LRTH B, 7
T IAF I AYTEETIMBOLDONEL, B
LEREOZISE D,
TFEEUT T HOEBIC IR F O EEZ0H 2,
FHEMPAE 1255 L FPILET, MELREEBOT
IZSEFIA B Y, TERRLE 3 B (tri-
colporate pollen) &MEFH T 5, 2
LOERBIIEERMERN L 2 BT -

DL owA, RRIEH TR VIR

H H RO i B

Items Average Range DB X BIZEVERIRD C IFH A 2
LTEZF M 0 T 2L . s e YN
Number of male inflorescences per flower bud 3.7 1~8 Bo WABMER T SESFALOBBT L IHEA®
1TEZH 4 0 e 8 L1 L2 REBIICHEC 2, KE< OBV LS
Number of female inflorescences per flower bud ! ZH 25, fUEIZELL 2D 5T, D
LAERF 0 HEPERY I P
Number of male flowers per inflorescence 16.1 9~el SRiEELCTwEnbh TV S OIJJIII%}ﬂ
1 HETEY 0 HET VW ik 1001 712 LA BEFIRBER CHIN L2 A2k B L,
Number of swmens per male flover | 7 R Quercus DRIFILOME IS AT A F
1 #3704 0 TRl 1.555 1,326~ o . . ;
Number of pollen grains per stamen ’ 1,740 PIZHBEIROEKRZH L, &ficibhs 4
1 HETE 3 1 TERPRIRL _ 15. 708 _ IR PEAL TVwbEvnS, BRI
Mamber of pollen grains per male flower Vi U 7 AR 0 S5 14 RSB SRR 1
AR 0 AR ——— . ‘ :
Number of pollen grains per male inflorescence ’ SSNTHEREDOE L EERL TS, TE
LB 0 fEmRIL BORIPICIE ERARE L B EHD o H b5,
Number of pollen grains per flower bud 877, 607 EHRO A S SIEE 1 Kb LS4 =

il A 2 s P andiv]
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Photo. 3. Pollen grains of Fuagus and Quercus species.

1—3: Normal pollen grains of Fagus crenata. 4—5: Giant pollen grains of Fagus crenate (right).  6: Abortive pollen
grains of Fagus crenata (central two). 7—8: Normal pollen grains of Quercus acutissima. 9—10: Normal pollen grains
of Q. mongolica var. grosseserrata. 11—12: Normal pollen grains of Q. dentata.

Swollen pollen grains, except Photo. No.1, were stained with aceto-carmine. Dry pollen grains were mounted

with balsam-xylol.
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Fig. 1. Distribution of pollen diameter in Fagus
and Quercus.

O—1 7 2% Quercus acutissima

299 Quercus

@ 3ZX+5 Quercus

A RRE AN BV Quercus dentata

C—CO 7+ Fagus crenata
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Table 4. Characteristics of Fagus crenaia pollen.

serrata

mongolica var. grosseserraia

A

FHI KBS DB ER TH - 7,

5. EBORFHRB

RER OFEFR, TEMORERB, o ATHRH®
DEML E BT,

AR OFFLIZ (B4~ 5 %), 7 CIEEHIY
IF T TIRB%. % DMOMIETIEBBLETH 572,
LM EDHMEL RIFTH -7,

TEBDRFIRA S L URFOZBIIEHE-45 L 052
~3IXDWL TH B, 7FBLTFSHOELE 544
R 1~ 2B CRELIBD 120 ETRFADE L DIE
MHE DR RSO U CREIL AR - CHMBIc B b
n, TEHEEMBEL THET 2, EHEIEOTFRENLY

FEY 5o Wil 1 HOTERBLA 5 TR A 1 {5+
A ERIC2MRBET S 280 B,
FEMNTROBFLGRIIOVWTHB L, F 5fF13E%
FRIEIBWEINU . 7 ClR12880%1279% ., 241580
RIZNDIEL 2o 7 ORBIEIRA BN . TR D

5
%

" TEWRID A & & Size of pollen grains * ERTER | feafen | 5% o & | [theE
B . S INAN ® K T OB £ % Normal Abortive Germi- Tube
Mother Min. Max. Av. Minor Major I i . lengtl
reos diamm. diam. pollen pollen nation ength
(#) (#) {u) {u) (1) (%) (%) (%) (1)
No. 1 41 49 45.2 44,6 45.7 93 7 93 1,284
No. 2 43 54 47.1 46.2 47.9 96 4 96 1,024
No. 3 37 50 45.5 44.9 46.0 98 2 95 631
No.4 40 50 45,4 44. 4 16. 4 96 4 93 798
NS
A F (37) (54) 45.8 45.0 46.5 96 4 96 934
verage
EATEA
Giant 58 75 63.8 61.2 66.3 — — — —
pollen
* BEEE A — 3 B L CHlET B,
H5E TR
Table 5. Characteristics of Quercus pollen.
TERRLO K & & Size of pollen grains * ERTER | wreten | 5 5 = | tpes
[} piit % /b & K R ] o % & # Normal Abortive Germi- Tube
Min. Max. Av. Minor Major .
Species diam diam pollen pollen nation length
() (u) (u) (u) () (%) (%) (%) (u)
TAY 26 38 32 30 35 99 1 98 790
Q. acutissima
257 28 38 33 32 34 90 10 93 555
Q. serrala
I XS
Q. mongolica 32 42 37 36 37 95 5 95 642
var. grosseserrala
S 34 40 37 36 39 95 5 | o7 673
Q. dentata : ) |

* BEfEH — 3 v CRELCHES 5,
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(No.9 ) & 24MERA % (No.10)o 11~12 7 77 7, FEEFHNEA (No.11) & 24BF T4 (No.12)o
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Photo. 4. Pollen germination in Fagus and Quercus species.

1: Fagus crenata. 2 hours after sowing. 2-3: F. crenata. After 4 hours. 4: F. cremata. After 12 hours. 5-6: F.
crenata. After 24 hours. The transfer of nucleus is observed. 7—8: Quercus acutissima. Early stage of pollen ger-
mination (No. 7) and after 24 hours (No. 8). 9-10: Q. mongolica var. grosseserrata. Early stage of pollen germi-
nation (No. 9) and after 24 hours (No. 10). 11-12: Q. dentata. Early stage of pollen germination (No. 11) and

after 24 hours (No. 12).
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Fig. 3. Time course for the germination of

Quercus acutissime pollen.
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Table 6. Effectsof concentration of sucrose on the germination of Fagus and Quercus pollen.
.7 ¥ v oz ¥ a7 IAST R

gk s . Q. mongolica

FEpE R I F. crenaia Q. acutissima Q. serrata Var. grosseserraia Q. dentata

Sucrose BHE R MEHER | BRIF R AEHER | B R | ERER | B IR | EPER | B ¥ £ | EHEER

concen- Germi- Tube Germi- Tube Germi- Tube Germi- Tube Germi- Tube

tration nation length nation length nation length nation length nation length
(%) (%) (u) (%) (m) (%) (u) (%) () (%) (@)
0 39 158 77 124 10 51 25 52 83 211
10 | 64 269 93 575 61 363 90 290 95 630
20 ! 77 719 95 593 86 484 90 379 96 678
30 68 264 91 360 65 201 61 199 92 339
40 22 66 70 62 39 79 16 24 7871 67

RN 25° C 24/ %°C 24054 35° C 24H5H 25° C 241%R8 35°C 248%[H

BTER TrHeF 7HOEMORFIIE LITTERREOKE

Table 7. Effects of concentration of agar on the germination of Fagus and Quercus pollen.
o 7 ¥ sz ¥ 2y 5 | 3XF nov o9
FEXKIRE L Q. mongolica
Agar F. crenate Q. acutissima Q. serrata var. grosseserrata Q. dentata
concen- | T H B IIEHER | 8 ¥ & | UHER | B F £ | EHER | 8 F ) EWER | B I £ | EHER
tration Germi- Tube Germi- Tube Germi- Tube Germi- Tube Germi- Tube
nation length nation length nation length nation length nation length
(%) (%) 1 (w) (%) (u) (%) (m) (%) (u) (%) ()
1 77 I 719 98 790 90 433 90 379 96 678
2 71 : 359 98 803 87 301 86 285 96 559
|
3 64 | 268 97 487 82 268 79 184 93 498
W& 25° C 24R%MH 25° C 480 25° C 480%RY | 25° C 24B%R 35° C 24K
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Table 8. Effects of hydrogen ion concentration of media on the germination of Quercus pollen.
o2 ¥ R AT oy
L Q. mongolica
Q. acutissima Q. serrata Var. grosseserrata Q. dentata
pH 3 W ORI ERER | BT R Tﬁﬁ%ﬁ 56 B | R R F R | ERER
Germi- Tube Germi- ube Germi- Tube Germi- Tube
nation length nation length nation length nation length
(%) (u) (%) (u) (%) (u) (%) (n)
3.5 24 19 18 16 18 22 11 31
4.5 83 112 65 298 60 135 84 276
5.5 89 494 81 467 88 374 91 479
6.5 93 628 68 315 84 267 88 328
7.5 88 273 29 125 26 73 75 119
Germination media: 20% sucrose, 1% agar. Incubated at 35°C for 24 hours.
HOE TH LT IMOBBOREL b KT REOBE
Table 9. Effects of temperature on the germination of Fagus and Quercus.
wOE 7 7 7 X‘ 3‘: 1T Q. m\onjol?—ca7 A
Tempor- F. crenata Q. acutissima Q. serrata var. grosseserraia Q. deniata
aire | B B | JOWVEE |56 F % | LWEE | 6 F % | WEE | % B EHEE| R F % | CHEE
Germi- Tube Germi- Tube Germi- Tube Germi- Tube Germi- Tube
nation length nation length nation length nation length nation length
(°C) (%) (u) (%) (1) (%) (u) (%) (u) (%) (u)
0 0 0 0 0 0 0 0 0 0 0
5 6 20 4 12 0.1 5 0.1 9 0 0
10 14 109 44 105 4 1 2 9 1 9
15 66 358 91 483 13 40 18 67 12 28
20 74 521 94 650 54 180 35 165 37 177
25 77 719 98 790 96 299 93 427 88 372
30 73 316 96 773 96 462 94 584 97 617
35 64 102 93 709 96 516 94 631 97 667
40 47 41 81 381 93 276 93 458 95 282
45 6 27 4 17 1 12 1 14 17 24
50 o 0 0 0 0 0 0 0 0 0
w % 24 R E ABI i 2485 % 3 24N AR 2403 I REFE

Germination media: 20% sucrose,

1% agar

0K T & F THEOEROALEF O E S

Table 10. The optimum conditions for the artificial germination of Fagusand Quercus pollen.

AHEA VWE | E M OB R XK B E|A& i3
i 5] Concentration Concentration Concentration | Temperature
. of of of
Species H-ion sucrose agar
(pH) (%) (%) tC)
e 6.5 20 1 25
7 % F
Q. acutissima 6.5 20 b~z 25
=
Q. serrata 5.5 20 1 35
RO =
Q. mongolica v. grosseserrala R 20 1 %
ooy T . .
Q. dentata 5.5 20 1 3
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Table 4. Effects of hydrogen ion concentration
of media on the germination of Fagus
crenata pollen.

(O—— Germination percentage

@ @ Pollen tube length

Germination media: 20% sucrose, 1% agar.
Incubated at 25° C for 24 hours.
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