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Masall TAkeokA : Electronmicroscopic investigations on the surface
structure of pollen membrane of trees
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Fig. 1 Cormophyte spore classification by Erdtman, G. and Straka, H.*

o0 =1 U1 W =

12
14:
16:

e,

NPC

: 131, analept, bilateral, non-saccate. 2. 131, analept, bilateral, saccate.
: 131, analept, radiosymmetric, non-saccate, 4: 131, analept, microlept.
: 131, analept, micro- and prolept. 6: 343, zonocolpate (3-colpate orthocolpate).
: 443, zonocolpate (4-colpate loxocolpate).-Syn. : 4-rupate; pericolpate p.p.
: 344, zonoporate (3-porate), 9: 654, dizonoporate (3+3).
. 345, zonocolporate (3-colporate). 11: 246, zonopororate (3-pororate).

763, pantocolpate. -Syn. : rugate ; pericolpate p.p. 13: 764, pantoporate. -Syn. : polyforate : periporate.

765, pantocolporate. -Syn. : rugate; pericolporate. 15: 766, pantopororate. -Syn. : polyforaminorate ; periporate,

atreme. -Syn.: inapzarturate ; non-aparturate ; acolpate etc.
--- approximate outline of leptoma.

inner contour of exine in spores provided with leptoma.
equatorial view ; di,distal face; pr, proximal face; D and P

in Fig. 1-9, pore in distal and proximal face respectively.



48 SRR AN A R PHVES

LR -~
g St
1 LN 4; RN /L
— [
! N
<7
W .
6
—_—
5 7 3
— fu—

Fig. 2 Orbicules detected on the pollen grain
surface of the coniferous tree (Each
sacle shows 0.5u)

1. Cephalotaxus-type orbicules
2. Araucaria-type ”
3. Pseudotsuga-type ”
4. Larix-type ”
5.

x Sciadopitys-type orbicules

6 Cunninghamia-type »

7. * » Cryptomeria-type ”

8 Actinostrobus-type »

*,* % [n morphological view, the forms of the
orbicules of Sciadopitys and Cryptomeria rese-
mble each other closely, but their sizes differ
from each other,
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Fig. 3 Reticula detected on the pollen grain
surface of the broad leaved trees (Each

scale shows 1;0)
1. Populus-type reticulum
2. Chosenia-type ”
3. Salix-type ”
4. Pasania-type ”
5. Liquidambar-type »
6. Gleditsia-type ”
7. Stewartia-type ”
8. Fraxinus-type “
9. Lyonia-type ”
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Table—-2 Features of the pollen grain surfaces with spinules and puncta
Protrusions Ridges
Germ apparatus of Arcus between Puncta/25u2 Remark
germ apparatus spinules
Broussonetia anacataporate + — — 380 4 Blunt spine
Myrica } 3 porate + N N .
Dplatycarya + - — 230
Celtis + -- 130 +Blunt spine
Ulmus } 3~4 porate + - 300
Zelkova 4~5 porate 4 — 200
Ostrya 3 pororate + + + 680
Carpinus + + + 630
Corylus 3~4 pororate =+ + + 380
Betula + + + 330
Alnus 4~6 periporate + + + 380
Pterocarya 6~7 periporate 4+ + —-— 200
Juglans 9~11 poroidate &+ + — 110
Mallotus 3 colpate — — — 230

WL IV Y ik &I 2 AURPE S o5 R
TENSDICERAL, S 20MRICHOVLTLHEL T, »
TN & BT E B NALOTFRE T 2 & & 2 Wik
U7z, BIEHREO1MEBEHT 2 &, Table—-2 (2

Table -3 Features of the pollen grain surfaces with conic spinules and verrucae

+Blunt spine

Conic spinules

RUIZE i3,

B. PIgERAIMIICNERD E ML S Lo ofilc
BE24D%, A%, 70508 L05 vrq s
D3BTH S, FIHMIINL, 72 Al HBED & 22

Pollen grain surface

Shape ) rol 25u2
of . .
Diameter at Diameter Length . .
!germ apparatus the base (1) () () Conic spinules Verrucae
Cinnamonum atreme 0.5 1.0~1.3 0.8 38 1075
Lindera ” 0.6 0.5 0.6 25 1825
Laurus } ” 0.5 1.0~1.3 0.8 25 1185
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vz 3.
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Table -4 Features of the pollen grain

surfaces with granules and puncta

" Puncta
22?&6 of Granuloid on the
apparatus () granulé);d
Liriodendron 1 sulcate 0.5~3.0 0.05~0.15
Ilex 3 colporate 1.0~2.0 ”
Aucuba 3 colpolate 0.5~1.2 ”
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Table—5 Features of the pollen grain surfaces with finger print and pit-like concavities

Width () prral structure Puncta, long diam. (u)

Striae
Concavities or

ger?l?aggp:fratus Ora
Photinia 3 colporate Smooth
Chaenomeles ” P
Malus ” P
Pyrus ” P
Amelanchier ” ”
Rhus ” P
Acer W ” '
Aesculus ” Slgg.uzltf))ld
Smooth

Hovenia “”

yURFCDIBTHD. 2O HPHERD 1 5%
BT 3 & Table—5lZ/RL7zL 5 d. Zoflo
L, I AR EZIFERE T H B Y, BRI
BSOS T HLIRUTHPIFET D2 L0 I i - T
W3,
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Table -6 Features of the pollen grain
surfaces with p1t like concavities

Pit- llke concavities

Shape of

germ apparatus long diam. (u)
Michelia 1 sulcate 0. 1 ~0 4
Magnolia ” 0.1 ~0.7
Crataegus 3 colporate 0.10~0.25
Eurya ” 0.03~0.10
Sambucus ” 0.08~0.60
HFERLP=T baDETHB. EHIW=7 |
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0.12 +H 0.1 ~0.2
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“ =+ V4
0.15 - 0.03~0.5
0.3 ~0.5 + 0.2 ~1.4
0.35~0.7 = 0.12~0.7
0.15~0.2 - 0.1 ~0.2
0.2 4

0.03~0.07
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mainly due to the limited resolution power of

the optical microscope. The writer began, in 19

56, the electronmicroscopic investigations on the

fine structure of pollen membrane of trees by
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the methylmethacrylate carbon two-staged rep-
lica method (Harada’s method)*® and ultrathin
sectioning (Sjostrand’s method)™. Results of the
investigations have been published in various
journals (1957-1964)818,%~WD by the writer.

In the present paper, the writer’s views on
the surface structure of pollen membrane had
been obtained by the electronmicroscopic investi-
gation in the past 8 years are summarized. The
investigation deals with some of the gymno-
sperms and the main broad leaved trees.

I. Fine structure of the pollen grain
surface of Cycadales, Ginkgoales,
Coniferae and Gnetales

The writer investigated 75 species of 34 gene-
ra, 15 families, and 4 orders of gymnosperms,
and was able to make a key to genera (Table—
1). The summary of the results is as follows.

1. Pit-like concavities: Cycas.

Orbicules absent. This structure is very
different from that of the other gymno-
sperms.

2. Striae: Ginkgo.

Orbicules absent. The presence of striae is
characteristic of this genus.

3. The presence or absence of orbicules is so
conspicuous a feature as to distinguish
genera and familes of coniferae.

i) Orbicules present: Taxaceae, Cephalo-
taxaceae, Araucariaceae, Pseudotsuga,
Larix, Sciadopityaceae, Taxodiaceae,
Cupressaceae, Actinostrobaceae and
Tetraclinaceae.

ii) Orbicules absent ; Podocarpaceae,
Pinaceae (except Pseudotsuga and La-
rix), Ephedraceae, Welwitschiaceae
and Gnetaceae.

4. 8 different types of orbicules were first
detected by the writer with an electron-
microscope on the pollen grain surface of
coniferae (1956-1964). The type of orbicu-
les is one of the features of individual
genera, and is useful for the classification
of genera (Fig.2).

i) Cephalotaxus type: Cephalotaxus.

ii) Araucaria type: Araucaria.

iii) Pseudotsuga type: Pseudotsuga.

iv) Larix type: Larix.

v) Sciadopitys type: Sciadopitys.

vi) Cunninghamia type: Cumninghamia.

vii) Cryptomeria type: Zaxus, 7orreya,
Sequoia, Melasequoia, 1'axodium,G1y pto-
strobus, Cryptomeria, Chamaecyparis,
T'huja, 1 hujopsis, Juniperus, Cupre-
ssus, letraclinis and Callitris.

viii) Actinostrobus type: Actinostrobus.

5. Disaccate grain (orbicules absent, but with
spinules and puncta on the surface of
corpus and saccus) ; Podocarpaceae and Pina-
ceae (except Pseudotsuga, I'suga and
Larix).

i) The surface structures of corpus
and germ furrow are very similar to
those already observed by the optical
and the electronmicroscopic investi-
gations.

ii) The number of puncta counted per
2547 on the surface of saccus are
more or less according to the species
or genera; 45( Podocar pus),75( Pseudo-
larix, Cedrus and Pinus densiflora),
100-110 (Abies, Picea, Keteleeria and
Pinus silvestris), 200 (Pinus bunge-
ana).

6. Finger-like projection: 7suga (mainly, Eu-
tsuga).

Orbicules absent.

i) The fine surface structure of 7T'suga
sieboldii and 1'suga diversifolia (both
belonging to Eutsuga) resembles clo_
sely, but it differs from that of
T'suga canadensis (also belonging to
Eutsuga).

ii) The presence of ‘‘narbe” is not a
specific character of the subgenus
Eutsuga, because it is not always
the case with Futsuga.

7. Ridge: Ephedra and Welwitschia.
Orbicules absent. The structural feature
is very different from that of the other
gymnosperms.

8. Spines: Gunetum.

orbicules absent. The structural feature is

considerably different from that of the
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other gymnosperms.
Fine structure of pollen grain surface

of the main broad leaved trees

The writer investigated 176 species of 69 ge-

nera, 34 families, and was able to make a key

to genera (Table—2). The summary of the re-

sults is as follows.

1.

2.

9 different types of reticulum were ﬁrst
detected by the writer with an electron-
microscope on the pollen grain surface of the
main broad leaved trees (1956~1964). The
type of reticulum is one of the features of
individual genera (except Fravinus) and is
useful for the classification of genera (Fig.

3).

i) Populus type: Populus.

ii) Chosenia type: Chosenia and 1'oisusu.

iii) Salix type: Salix and Idesia.
iv) Pasania type; Pasania,Sapindus,Camel-
lia and Ehretia.

v) Liquidambar type: Liguidambar and

Styrax.
vi) Gleditsia type: Gleditsia, Cladrastis,
Tilia and Paulownia.

vii) Stewartia type: Ewuscaphis, Stewartia
and Fovodiopanax.

viii) Fraxinustype: Fraxinusexcelsior(but
Fraxinus sizboldiana belongs to Ly-
onia type’s reticulum).

ix) Lyonia type: Lyonia, Diospyros and
Fraxinus sieboldiana.

Spinules.

i) Spinules with puncta: Myricaceae

(Myrica), Juglandaceae (Platycarya,
Juglans and Pterocarya), Betulaceae
(Ostrya, Carpinus, Corylus, Betula and
Alnus).
In 9 genera of 3 families above men-
tioned, it was clarified that the pos-
session of spinules and puncta is
one of the specific features of ge-
nera and families, and in 5 genera,
namely Ulmus, Zelkova, Celtis, Brous-
sonetia and Mallotus, it is the specific
feature of genera.

i) Conic spinules with verrucae: Cinna-

monum, Lindera and Laurus.

3.

ey H1TH

They are characteristic features of
the family Lauraceae (except Illici-
um).

Striae.

i) Striae with spinules: Fagus, Apha-
nathe and Morus. This structure is
mainly a feature of genera.

ii) Striae with conic spinules: Quercus
phillyaeoides and Q. phillyaeoides A.
Gray var. crispa belonging to Lepido-
balanus.

This structure is so conspicuous a

feature as to distinguish species and

subgenera in genus Quercus.
Granules.

1) Granules with spinules and puncta:
Lepidobalanus(except Quarcus phillyae-
oides A. Gray var. crispa).

This feature is so conspicuous a char-
acter of subgeneus Lepidobalanus.
i1) Granules with puncta: Liriodendron,
Ilex and Aucuba.
Cauli-flower-typed protrusion (with spin-
ules and puncta): Cyclobalanopsis belonging
to genus Quercus.
According to the result of this study, it is
considered adequate to classify the struc-
ture of pollenmembrane of genus Quercus
into 3 different types.
Net work protrusion: Castanopsis.
Wave-like protrusion (with spinules):
Cornus.
Finger print.

i) Finger print: Prunus and Sorbus.

ii) Finger print with pit-like concaviti-
es: Rosaceae (Photinia, Chaenomeles,
Malus, Pyrus and Amelanchier), Ana-
cardiaceae (Rhus), Acerceae (Acer),
Hippocastaneaceae (Aescules) and
Hovenia.

These features are characteristic of
individual genera.
Puncta and pit-like concavities.

i) Puncta: Castanea.

ii) Concavities: Michelia, Magnolia, Cra-
tacgus, Eurya and Sambucus.

These features are characteristic of
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individual genera.

Smooth: Illicium, Albizzia and Acacia.
The surface of the germ pore membrane
of Illicium pollen, shown in Photo. 67, is
considerably different from that of the
other genera.

Orbicules: Aleurites.

The form of orbicule is similar to that of
coniferae, but the surface structure of
orbicule is very different from that of
coniferae (Photo. 78).

According to the results of this investigation,

it was made clear that there are close relations

among the shape of germ apparatus, the number

of chromosome and the surface structure of the

pollen in both gymnosperms and the main broad

leaved trees.

Explanation of Plates

Plate I

1:

10:

11:

Surface of the proximal face of Cycas re-

voluta pollen.

: Surface of the distal face of Cycas revoluta

pollen.

: Surface of the proximal face of Ginkg,

biloba pollen.

: Surface of the distal face of Ginkgo biloba

pollen.

: Surface of lateral view of 1axus cuspidaia

pollen.

. Surface of lateral view of Torreya nucifera

pollen.

: Surface of lateral view of Podocarpus nagi

pollen.

: Surface of the distal face of Podocarpus

nagi pollen.

: Surface of the distal face of Cephalotaxus

harringtonia pollen.

Surface of the proximal face of Araucaria
excelsa pollen.

Surface of the proximal face of Araucaria

excelsa pollen without ectosexine.

Plate II

12:

13:

Surface of lateral view of Abies firma pol-
len.

Surface of the distal face of Pseudotsuga
japonica pollen.

14: Surface of the distal face of Pseudotsuga
japonica pollen after separated ectosexine.
15: Surface of the distal face of T'suga sieboldii
pollen.
16: Surface of the distal face of 7T’suga sieboldii
pollen (central part shows narbe).
17: Surface of the distal face of 7'suga sieboldii
pollen after separated ectosexine.
18: Surface of the distal face of 7'suga canad-
ensis pollen.
19: Surface of the laesuroid streaks of Larix
leptolepis pollen.
20: Surface of the distal face of Pinus densi-
Hora pollen.
21: Surface of a saccus of Pinus silvestris pollen.
22: Surface of a saccus of Pinus bungeana
pollen.
Plate III
23: Surface of a side of Sciadopitys verticillata
pollen.
24: Surface of lateral view of Metasequoia glypto-
stroboides pollen.
25: Surface of the distal face of Taxodium
distichum pollen.
26: Surface of the distal face of Sequoia semper-
virens pollen.
27: Surface of the distal face of Cryptomeri,
Jjaponica pollen.
28: Surface of the distal of Cunninghamia ko-
nishii pollen.
29: Surface of lateral view of Chamaecyparis
obtusa pollen.
30: Surface of the distal face of Thujopsis
dolabrata pollen.
Plate IV
31: Surface of the distal face of Juniperus
chinensis pollen.
32: Surface of lateral view of Cupressus goveni-
ana pollen.
33: Surface of lateral view of Actinostrobus acuni-
natus pollen.
34: Surface of equatorial view of Ephedra
sinica pollen.
35: Surface of equatorial view of Welwitschia
mirabilis pollen.
36: Surface of the distal face of Guetwm grnemon

pollen.



IRERHE SRS W

68

37: Surface of lateral view of Populus nigra
Linn. var. italica pollen.

38: Surface of equatorial view of Chosenia
bracteosa pollen.

Plate V

39: Surface of equatorial view of Salix kinw
yanagi pollen.

40: Surface of equatorial view of Salix integra
pollen.

41: Surface of the proximal and the distal face
of Myrica rubra pollen.

42: Surface of lateral view of Juglans mands-
churica subsp. sieboldiana pollen.

43: Surface of lateral view of Carpinus japonica
pollen.

44: Surface of polar view of Corylus heterophylla
pollen.

45: Surface of polar view of Betula platyphylla
Sukatchev var. japonica pollen.

46: Tangential section through the exine of
Betula verrucosa pollen.

47: Vertical section through the sporoderm near
one of the apertures of Betula verrucosa
pollen.

48: Surface of polar view of Alnus firma pollen.

49: Section through an arcus of Alnus glutinosa
pollen.

Plate VI

50: Median section through an aperture of
Alnus incana pollen.

51: Oblique section through the sporoderm of
Alnus incana pollen.

52: Surface of equatorial view of Fagus silvatica
pollen.

53: Surface of equatorial view of Quercus
Dhillyaeoides pollen.

54: Surface of equatrial view of Quercus vari-
abilis pollen.

55: Surface of equatorial view of Quercus sali-
cina pollen.

56: Surface of equatorial view of Castanea cre-
nata pollen.

57: Surface of equatorial view of Castaropsis
cuspidata pollen.

Plate VII

58: Surface of equatorial view of Pasania edulis

pollen.

59:

60:

61:

62:

63:

64:

R CiaYEz)

Surface of equatorial view of Ulmus pumila
pollen.

Surface of polar view of Celtis sinensis
Pers. var. japonica pollen.

Surface of polar view of Aphanathe aspera
pollen.

Surface of polar view of Morus bombycis
pollen.

Surface of polar view of Broussonetia papyiri-
fera pollen.

Surface of equatorial view of Cercidiphyl-

lum japonicum pollen.

65: Surface of equatorial view of Michelia
compressa pollen.

66: Surface of equatorial view of Magnolia
kobus pollen.

Plate VIII

67: Surface of polar view of Illicium religiosum
pollen.

68: Surface of lateral view of Lawurus nobilis
pollen.

69: Surface of lateral view of Liquidambar
formosana pollen.

70: Surface of equatorial view of Prunus sar-
gentii Rehd. subsp. jamasakura pollen.

71: Surface of equatorial view of Prunus padus
pollen.

72. Surface of equatorial view of Crataegus
cuneata pollen.

73: Surface of equatorial view of Photinia
glabra pollen.

74:. Surface of equatorial view of Amelanchier
asiatica pollen.

75: Surface of lateral view of Albizzia julibrissni
pollen.

Plate IX

76: Surface of polar view of Gleditsia japonica
pollen.

77: Surface of lateral view of Acacia longifolia
var. floribunda pollen.

78: Surface of lateral view of Aleurites fordii
pollen.

79: Surface of equatorial view of Rhus suc-
cedance pollen.

80: Surface of equatorial view of Rhus suc-
cedance pollen.

81: Surface of equatorial view of FKuscaphis
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84:
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Jjaponica pollen.
Surface of equatorial view of Aesculus

turbinata pollen.

: Surface of equatorial view of Sapindus

mukurossi pollen.
Surface of equatorial view of Hovenia dulcis
pollen.

Plate X

85:

86:

87:

88:

Surface of equatorial view of Stewartia
serrata pollen.

Surface of equatorial view of Ewrya japonica
pollen.

Surface of equatorial view of Idesia poly-
carpa pollen.

Surface of equatorial view of Awcuba jap-

89:

90:

91:

92:

93:

94:

95:

onica pollen.

Surface of equatorial view of Cornus contro-
versa pollen.

Surjace of equatorial view of Cornus contro-
versa pollen.

Surface of Polar view of Lyonia elliptica
pollen.

Surface of polar view of Diospyros kaki
pollen.

Surface of equatorial
kaki pollen.

Surface of equatorial

view of Diospyros

view of Fraxinus
sieboldiana pollen.
Surface of equatorial view of Fraxinus

excelsior pollen.
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Table 1 Summary of the electronmicroscopic
o] | 4 ! |
Numberi | | Pit-like | . —
Order Family Genus chromo-. NPC..  Shape | Diameter con- Striae |Cephalo- Ar
some { icavities taxus  car
J : itype tyr
Cycadales Cycadaceae Cycas 11,12 131 | pro 31~42 4 -
Ginkgoales Ginkgoaceae Ginkgo 12 131 | pro 126.0~-28.5 +
- I }
Taxus 12 131 | o sp 0 31~35 | - -
Taxaceae - N
Torreya 11 131 | + sp 1 30~40 —
Podocarpaceae Podocarpus 19 131 | disac 36~37 — -
Cephalotaxaceae Cephalotaxus 12 131 | + s t 25.5~30 - IjIS
Araucariaceae Araucaria 13 131 | sp 64~88 | — :
Abies 12 131 | disac 68~125
Pseudotsuga 12 131 | sp 80~85 -
Tsuga 12 131 | & sp 60~80 — - -
Picea 12 131 | disac 70~ 82 —
Abietoideae — - - -
Pinaceae Pseudolarix 11 131 | disac 47~53 -
Larix 12 131 | sp 68~70 - -
Cedrus 12 131 | disac 53~60 | - -
Keteleeria 12 131 | disac 82~85 | -
Pinoideae | Pinus 12 131 | disac 43~52 -
Coniferae Sciadopityaccae Sciadopitys 10 131 | sp 35~48 -
Sequoia 11 131 | sp pr | 29~34 -
Metasequoia 11 131 | sp pr 19~28
Taxodium 11 131 { sp pr ¢ 27~32 -
Taxodiaceae e
Glyptostrobus 11 131 | sp pr 29~32 - -
Cryptomeria L1 131 | sp pr 25~32
Cunninghamia 11 131 | sp pr 35~41
Chamaecyparis 11 131 | sp mi 26~31 -
| e
Thuja 11 131 | sp mi 33~45 -
Cupressaceae Thujopsis 11 131 | sp mi 27~33
Juniperus 11 131 | sp mi 21~26  —
Cupressus 11 131 | sp mi 26~30
Actionstrobaceae Actinostrobus 8 131 | sp mi 27~29 -
Tetraclinis 12 131 | sp mi 20~25 -
Tetraclinaceae i
Callitris Co11 131 | sp mi 18~22 -
Ephedraceae Ephedra 7 ]E‘E% pro 30~ 58
Gnetales Welwitechiaceae Welwitschia ] 7 131 | pro 29~ 56
Gnetacae Gnetum 12 000 | sp 14~18 — -
(Abbreviation) 131, monotreme ; 000, atreme (See Fig. 1).

pro, prolate; o sp, oblate spheroidal ; sp, spheroidal ; disac, disaccate ; pr, prolept ; mi, microlept ;

t, bilateral. Each marks of ES, VES, and NS show the separation degree of the orbicules from the
pollen grain surface.
* Number of chromosome by Darlington, C. D. and Wylie, A, P.'8 (1955),
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Table 2 Summary of the electronmicroscopic observation o

Family

Salicaceae

Myricaceae

Juglandaceae

Betulaceae

Fagaceae

Ulmaceae

Moraceae

Cercidiphyllaceae

Magnoliaceae

Lauraceae

Hamamelidaceae

Rosaceae

T

‘i*I(\Iumb- ‘ | 5 “ | | Shape of ret‘icula |
Genus ‘igfw?)fm- 'NPC ~ Shape | Diameter “\;Populus‘ Chose: qpiv | pasania (Ii‘iq\i)i-r; ?l_e;li— i%g:w‘
e i ype WP P fype iype type
| Poputus | 19 | 000 ]sp | si~3r |+ 1] - - - -
Chosenia ’ \ '7754;\ osp \ 0~22 | -~ ,_7‘,%\ : \ . - -
Tosuss 39 33 esp | 19em | - | | o
o I I I I I
Myrica 8 "7344 subob B 1g~27 - - - = - -
Platycarya -;16 0 sp 1(;~14 o -:— \ — h \ — — ) _
Juglans 716 ‘776(75 ‘Bﬁsp subvo:) 30~37 — E : \ 7 4 — — 7 ~ \ 7
Pterocarya ‘1766 ;;bob 30~38 - 77:’ N fm . _ ) B
Ostrya 8 346 RBBB—Q:; 21~25 4 - — — N
Carpinus 7 8 346 SQBGBO Spﬁ 20~28 T - - B _
e It I S e B S
Betula Ty | 346 | Subub Spi 20~30 | - - ; _ ,
Alnus 1| 764 | SubOD C17~30 | - - - S
Fagus 12 | 345 0sp ' 38~47 - — ; . o
" Lepidobalanus | 12 | 345 | 9P 19~37 | - ! i ) B
Quercus ——— e b OSSP
Cyclobalanopsis| 12 345 SUbObO sp 18~30 _ - |- _ -
Castanea | 12 | 345 pro subpro 10~15 I - — _ _
Castanopsis k;4>5 p;()sp 13:157 o — i‘n w_ _ .
‘I:ésé;ai - - 545 subpro 172~18 § - o + - -
Ulmes w | 766 swbor | ez | - | = | = |~ | - -
Zelkova 14 | 766 | subob 30~37 - - - - -
Celtis | 36 08 |22 | - | - | - - | -
Aphanathe 13. 7?;46 o sp 7;7#»:9;()7 o — - — s _ 7
Morus 14 224 | o sp 1815f o - o — —
Broussonetia | 224 |0 sp 12~15 - - - 0
Cercidiphyllul;ﬂ 19 R ESA pro sp 26~28 . -~ - —
M&chelia S 7133 o- 32~50 _ - -
Magnolia 19 | 133 | subob apes0 | - | - | : -
7I:irriocrlreﬁdrfon A 19 133 | subob 47~64 - - - - -
VIlliVC?i;lvr:ni - 174 345 subob £~39 : - -
Cinnamonum o 000 | sp 29~32 ) - - :
Lindera I seso | | - | - i
e | | w0 | \ R _
Liquidambar Caetlep | | se~3s | - | - | - ‘ _
e R 4 [l [Py S S O
Crataegus 1T s ose | 2te30 | - -
Photinia 177 345 | o sp 24~28 - - -
Chaenomeles - 345 osp é7~35 I -
Malus 17 345 osp 25~34 W: 2 — — - - |
Pyrus v | 5o |28~ - 1 - | = | - | -
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len grain surface of main broad leaved trees.
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* | |
Num- | , Slfap,e ©
Family Genus ber of NPC | Shape  Diameter | Chose- | ‘\ Li
chromo- } Populus nia | Salix | Pasania da,
some | type type type : type . ty]
) Amelanchier 17 345 o sp 20~28 - - — —
Rosaceae e i : :
Sorbus 17 345 o sp 22~26 - — -
Albizzia | polyd sp | 35~90 - - —~ —~
Gleditsia 14 345 o sp 26~33 - — —
Leguminosaceae S e . _
Cladrastis 345 o sp 25~31 — -
Acacia 13 polyd sp 23~43 - — - —
Mallotus 345 o sp 25~28 — —
Eutphorbiaceae e - P e -
Aleurites - 000 sp 80~90 — — — —
Anacardiaceae Rhus 345 o sp 27~34 -- — - -
Aquifoliaceae Tlex or % | 345 Sf‘if’f)o o | 26~%0 : . - -
Stphyleaceae Euscaphis ‘ 345 o sp 31~37 — —_ - —
Acerceae Acer 13 345 subpro 26~33 — — — -
Hippocastaneaceae | Aesculus 20 345 o sp 18~21 - — -
Sapindaceae Sapindus 345 o sp 17~18 - -
Rhamnaceae Hovenia 345 o sp 20~25 - - - —
Tiliaceae Tilia 41 345 o sp 31~38 - — - .
Camellia 15 345 o sp 35~42 — — — +
Theaceae Stewartia 345 o sp 45~53 — — - -
Eurya 345 o sp 16~17 - - - 7
Flacourtiaceae Idesia 345 o sp 16~17 - — + —
Araliaceae Evodiopanax 345 o sp 20~23 — — -
Aucuba 8 345 o sp 39~46 — —
Cornaceae e -
Cornus 10 345 pro sp 35~55 - - —
Ericaceae Lyonia ‘ 345 o sp 16~22 - - - -
Ebenaceae Diospyros 15 345 subob 40~50 - — — -
Styraceae Styrax , 345 o sp 35~40 — — -
Oleaceae Fraxinus 23 345 o sp 26~29 — — -
Boraginaceae Ehretia i 345 pro sp [ 35~37 - - — 4
, S - j
Scrophulariaceae Paulownia 345 . subpro 20~26 — - -
Caprifoliaceae Sambucsus | 345 ‘ subpro 17~19 - — — —

(Abbreviation)

000, atreme; 131, analept; 224, anacataprolate ; 345, zonocolporate ; 346, zonoporate ; 764, pantoporate ;

766, pantopororate (See Fig. 1).

o, oblate ; pro, prolate; subpro, subprolate ; pro sp, prolate spheroidal,
= Number of chromosome by Darlington, C. D. and Wylie, A, P.18) (1955),

sp, spheroidal ; o sp, oblate spheroidal, subob, suboblate ;
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