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Table 1. Collection data for the Korean gymnosperms used in this study

Taxa Locality Date Collector Herbarium
Ginkgoales
Ginkgoaceae
Ginkgo biloba 1. (3L} CN : Puyo-gun, Gyuam-ri 2 May 1993  KH. Tac HNU
Coniferales
Taxaceae
Tecus cuspidata S. et Z. (%, CN: CF 10 Apr. 1993 JX. Soh HNU
Cephalotaxus koreana Nakai (7J812A21F)  CN : Chollipo Arboretum 28 May 1993 1. Soh HNU
Torreya nucifera S. et Z. (AR CN: CF 18 May 1993 LY. Soh HNU
Pinaceae
Abies holophylia Max. (AU CN: CF 1 Jul 1993 1Y, Soh HNU
A. koreana Wils. (F345) CJ : Hallasan 7 Jun. 1975  TB. Lee SNUA
A. nephrolepis Max. (28|LH5) KW: Soraksan 26 May 1966 TB. Lee & SNUA
M.Y. Cho
Larix gmelini var. KG: SA & Jun. 1993 LY. Soh HNU
principisruprechtii
(Mayr) Pilger (ZZ1F)
Picea koraiensis Nakai (F8|UH) CN: CF 26 May 1993 LY. Soh HNU
Pinus densiflora S. et Z. (2F) CN: CF 26 May 1993 LY. Soh HNU
P koraiensis S. ct Z. (AU CN: CF 4 Jun, 1993 JY. Soh HNU
P. pawviflora 8. et Z. (3} E) CN : Choliipo Arboretum 28 May 1993 JY. Soh HNU
P. pumila Regel (T3}5) KG : Kwangnung Arboretumn 21 Jun. 1993  JY. Soh HNU
P thunbergii Parl. (F& CN: CF 18 May 1993 LY. Soh HNU
Tuga sieboldii Carr. (£54F) CN : Chollipo Arboretum 28 May 1993 LY. Soh HNU
Taxodiaceae
Cryptomeria japonica’ CN : Kyeryongsan 10 Apr. 1993 SC. Ko HNU
(L. fil) D. Don (3HF)
Cupressaceae
Juniperus chinensis L. (3FF) SE : Anam-dong 8 May 1993  1Y. Soh HNU
J rigida 8 el Z. (=7FIR) TJ : Ojung-dong 25 May 1993 LY. Soh HNU
Thuja orientalis L. (S8} CN: CF 7 May 1993  1Y. Soh HNU

CN, Ch'ungch'ongnam-do; C), Cheju-do; KG, Kyonggi-do; KW, Kangwon-do; TJ, Taejon; SE, Seoul; CF, Ch'ungch’ongnam-
do Reserch Institute of Forest Environment; SA, The Arboretum; College of Agriculture, Seoul Nationa! University; HNU,
Han Nam University; SNUA, College of Agriculture, Seoul National University. “Cultivar.
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]
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Table 2. Measurements of the Korean gymnosperm pollens (unit. pm; meant SD)

Pollen Body Air bladder Total Exine
Taxa Length Width Length Width Length Width Length Width  thickness
Ginkgoales
Ginkgoaceae
Ginkgo biloba 3531+334 1936+ 222 0964+ 0.14
Coniferales
Taxaceae
Taxus cuspidara 26961 1.8% 1.16£0.22
Cephalotaxus koreana  31.60+ 173 1391016
Torreva nucifera 28921 2.01 130+ 0.12
Pinaceae
Abies holophylla* 8233+ 860 109571 9.14 6894+ 7.58 53.02+ 7.53 8233+ 8.60 13597+9.16 585096
A koreana® 8745+ 10,66 11500+ 845 76.50% 5.66 5426+ 598 8745+ 106616602+ 7.88 693+ 061
A. nephrolepis’ 7419+ 9.14 104.80+ 6.62 68.61% 6.54 53.17£ 901 7419+ 9.14 13819+ 1142 547+ 0.62
Larix gmelini var. 88.89+ 9.00 221£035
principisruprechiii
Picea koraiensis® 6537+ 872 8023+ 7.82 6229+ 798 4681+ 877 65371872 11769839 3.05+029
Pinus densiflora” 41,13+ 461 54311365 30811523 34172555 4113+ 461 8480+ 686 236040
P koraiensis 5197+ 607 6697+ 550 4882+ 529 4169+ 643 5197607 9495+ 680 292+028
P parviflora® 4410+ 3.74 6336+ 448 4458+ 538 34961 504 44101374 87851484 2991024
P pumila” 4778+ 525 60.601 592 4549+ 496 3991+ 628 4778+ 525 9382+7.04 2531037
P thunbergii 39,04+ 4,10 52731497 3688%4.67 30211417 3914+ 410 76761717 216£0.26
Tsuga sieboldii 61.631 685 8207+ 8.68 1.11+0.20
Taxodiaceae
Cryptomeria japonica 28041 227 146L 0.12
Cupressaceae
Juniperus chinensis 2779+ 216 1.40+0.22
J. rigida 2414+ 142 1172023
Thuja orientalis 2898+ 271 1381025

“Taxa with air bladder.
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Juniperus rigida Sieb. et Zuce. (TZHELR)

Y Yo ane 2414*147@1; A 7o) A]
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Hojth, FHERHE Yol B F& E7)(07-08 pm)
o] RAwo] giry. JE o] g ko] FASH T
FAE 1172023 ymel ). E}F*ﬁﬂ deg B oy 39
PATEE ® FAL UREY A gk 7)Ao EAsin
2 glel vy £717F 918 111 FE RS 3 BV B
Aot FHAA ] Fof oaf Fad £z 4:@%—%’011*1%1
s A& B4 F UK Table 2; Figs. 28. 75-76, 88).

Thuja orientalis L (Z¥HUE)

FEHL FHoly 7] 2898+ 271 pmo] o}, Hoprs B
TEoltt, BAF Y= Fatoli. g me] & Wzl £
S T8 T2 138+ 025 ume| thTable 2; Figs. 29, 77-78).
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Ginkgoaceae
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1

= T :l
82 gorl, EURHE NPRor G 230 gn

PItE ZETh e Ginkgo biloba (& BT
Taxaceqe
L gEHe F8oltt. - Cophalotaxus koreana (7h¥)ZhFEE)

L 3EEe 2723 780
2 ATHY FARIIE A5l 1A %, TR
TAFOITE, vrereve e Taxus cuspidata (2

2 2|79 PR AFRA 7S o]F3 U= A
A3 Holm, THLEHE mjgdojr) oo
.............................. Torreya nucifera (\:\]1]-1-]-‘-?—)

Taxodiaceae
L 32de 7802 Poire $259 35umd 717
TAFICE, o Cryptomeria japonica (vH-)
Cupressaceqe

1 ﬂ—%%-‘”—] Eﬁu—']ﬂ "'1\]-011:}- ............................

. EHo) 571/} gvﬂ LH&i‘ﬁOl YdEYEYy 74,
........................... Juniperus rigida ( 1,_71_}_,_14._,_)
2, ZA¢ E7)7F o Jaes g 547 A

HJZ2B}T), oo Juniperus chinensis (FF)
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-------- Larix gmelini var. principisruprechrii (8172 F5-)
2, BHYY = Mol - Tsuga sieboldii (£%V1F)

4. 71¢e] Fejrt BrAeaL 7dAtele] A=zt &A
g0 e A4E e, #Y FAE 33um
BJTROJ T, o eevreeeniee Piceg koraiensis (ERH)\H)

4. 7149 Fe7h dRn vde] A= RFHe] 9l
om, ﬁ‘ﬂ FAE 49um o] 4ot}

5 888 A4 279 Zo] 1581um o]4folt}. -
.......................... Abies koreana (_‘].L}\OL}
H71¢) Eo 1496pm mjgteltt.

.................... Ab,'(,s l’IE’])/U’O](’pI:S‘ (‘F__UIL']”“?‘)

339 A4 279 22 1020um PR, ¥ F
A BRY 39995 1950 25 Ixs:
7. EH e el 29 ¥l 051075 ume]th
8 #A9 Fof 89um o)4elil, HH FAE 28

pm olAFelt) eenee Pinus parviflora (%4345
8. 28 Zo] 577um P|utolw, Ty FA: 24
um Bgkoful e Pinus thunbergii (5%)

7. EA2] 71019 9] Ml 0.76-0.87 yme]tt

9, =7 9 17]1,]. A7 ] ou]@-]_q. ................
.......... covereseseeeeeos Pinus densiflora {2V}

9. ®719 A7IU Fu7} EAach
10. 71 9] pit7} AgstA EEFCE o
....................... Pinus pumi[a .:T:z]-urt’
10. 71'd B pit7k A LaA BEA] Frr
...................... Pinus  koraiensis 7)1-1,](_,_)
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LRI e A4 F7]e 696um o]l A 4
/HJ+ o 8EETL 387 um ©|3te] Z7|€ 7}4 Pinaceaed] £
ste BRodte FRE 2719 A2 ERYThTable 2).

Pinaceacd] &8 Thugase ] T, sieholdiiSt Lariy& ] L. gme-
lini var, principisruprechtii’e 734 ym o]4+e] 2718 714 &4
A7) )e1AE= Pinaceaed| 3k}, o]E0] 73S 24 FE
A& Pinaceaed] T BFTEH vlad & u ¢ 553
EAolt}. et Thugasd T sieboldii®h Larix%9] L. gmelini
var, principisruprechtii7h Pinaccaed| TEE = AL 3EF
F42 & o 247} 2™, Kim# Lee(1978)F Kim# Koh
(1981)s= o] 218t Ao & L gmelini var. principisruprechtirs
PinaceaeZ BE TRl Ao| Elgsictn Eud uh 9o
o159 A7l gde) 9= Aoz detEth 8, Ueno
1957y LEAS QB2 3 Twuga sieholdii BEH2] Fejet

Zeol A7) 91o] marginal ridge2 EF7doz Bag Hf

A
Qi B A3 ESME marginal ridge?] A5 Folsd
O H(Figs. 67-68) o] o] 7'y Ao BefA = ZHA
FA7F 8171 dEel TS GFEofor & Zoz AL

T ¢, marginal ridge7} ol YA ¢ Bl I e Aol
ohg 5 B RPFo R AZR F49 FeE 7] gEd
Tsuga sieholdiis] BEHeol 5 g 73&Ae #=vn g
Kim¥Z Koh(1981)9] B3tz gE@el Hadql f#aojA )

58 ofter A4

£33 Pinaceae M % dbiesd o] sEHo] I7
1268 um o|Fo.2 ‘3]'? &de FE 2ol By ¥
U 41 B 2RTEd s @4 2 A
= A9 th(Table 2).

Picea%o) £3= P koraiensis®) SERL 7139 D}
E#eta, EAo) wig) 71de) A7)7h 2, o] g2 3
o2 B o 713E& b AbiesE T} Pinusd: o] BT Aol o]

18 E3= Ueno(1958)8] Hiolr Yz|3hH,
el 2R FIEAAAM TgEo
i FHo| gopritke A, BAe gWo] Hud o]

i sgtetie A3 ']rl‘f_r"ﬂ A7)17F avke e
= v Pinus% 3 Abies%:
F Abis& 3} SRS HOE %CF‘ #A7E 7}77}% oz 244r
(Table 2: Figs. 12-13). ¥38F dbisEule] E5F FJAL A
koreana$t A. nephrolepise :@}—.—@ A ZHFH gl &
Aol BV A holophyllad ¥ T2 2 UrEJrL]- A koreana®}
A nephrolepis®] BHEH O] AR Ao 2 dHE A HFigs. 39, 42.

45),
SRRV FY B2 B 714S 2E ALY wUe
239 23 WEHe 32y A A 2R TAsh
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St A8k, WEE T o] ME Fej5 o
71¢& ?‘%!*é%}rﬂ g3ole YEyde] g RHe glof
2 grobN 7]igAbolg) o] H7) ol
o] El=%{vhFig. 81).

7¢g FARAAEN A o2 Bds] £ 27 FAFH 5lo]
TE 3402 Lee(1983)7} BE4e g B ?;:_ JJ, L)%
do) BN A ARg BES & o, pitrt EAse
Ao] LTt wptA 7)ol TAFH7F Ydolele Kim#
Lee(1978), Kim Koh(1981) % Chang(1986)¢] ¥+ 3%
o734 B FAH QFe A4Hy, A2 FEnA
Aol e ¢y EdFHst PAog BEHY ol 7%
B9 7Yt el ERAAAv|AoE FEs) £ 2
T gR-e) GATEr FEHA0A sollA FAE Aoz ¥
&7 th(Figs. 38-66, 80). & FALAAG M F o2 Bae 23
Abies®3} Pinus% SRR o 7Y EH
TAeE o} EAE Pinus510] _‘?_Fr -

M7} 24
=24 °] —’F*‘E %’i?(i—-ur JJ”E-TJFEd U] é% &
Abies%o) H]3) BA 9] HHo] thh AR A& BEY £ YU
(Table 2; Figs. 523, 38-66).

§8, FRAAEN AL AHBsle] sERe H¥TEE &
et A7) Coniferalest] @) £F 7 5 PinaceaeE A gk Taxa-
ceae, Taxodiaceae ' Cupressaceac?] Y5 EHTY WHEeo|
ofg] 08 T4H AATZE Jehl, o= Van Campo
(1971)¢] Hi9t Y815 cHFigs. 86-88).

23gAoz B o B @7 #FE Coniferalesdl| &3}
Taxaceae, Pinaceae, Taxodiaceae ¥ Cupressaceac®l £%
ge wzw F9 FEox A8 I EMY TR

sies, s 3 Ji 4 3 o) £
Hd =88 849 zo|E ¥l Pinaceaes
Abies® Pinus% 123 Piceas & 1 EJEHUr A7), 9
9 4 54 1) 3% Aoj2 vol 59 FRa
sostgont, z‘:LHo] Z 5243 SAle g2 =

r-u
r1r -E, Hu 1 o /e

ofy ¥ olf

2o
%

%
O_'_EE.

ritodm xR o o wd Mr cm 1!{11 m

& ol ofal Z“’] S‘“"ﬂ’ﬂt‘ H] 3.7 "?r%fﬂ'
o 28 Pinuss i“—;:—% A7)e 9le] ekgle] ol
32 ¥ 48 939 90l 23595 40] 23] o} e
Ao 2E Pnuste FERY odgo] h2e Aoz #
Hr}.

2 975 283 J2TsdTh 49724 u(BSRIIM)

J. Plant Biol., Vol. 37, No. 2

o g 2

Cain, S.A. 1940. The identification of fossil pollen of Pirus
by size-frequency determinations. Am. J. Bot. 27: 301-
308.

Chang, N.K. 1986. lllustrated Flora and Fauna of Korea.
Vol. 29, Pollens. Ministry of Education, Seoul. 899 pp.

Doyle, J.A., M. Van Campo and B. Lugardon. 1975. Obser-
vations on exine structure of Eucommidites and lower
cretaceous angiosperm pollen. Pollen Spores 17: 429-
486.

Erdtman, G. 1952, Pollen Morphology and Plant Taxo-
nomy—Angiosperms (An introduction to palynology.
Vol. 1). Almqvist and Wiksell, Stockholm.

Erdtman, G. 1957. Pollen and Spore Morphology/Plant
Taxonomy. II. Gymnospermae, Pteridophyta, Bryoph-
yta (THustrations).— Stockholm (Almqvist and Wikscll).
151 pp. Cited from Faegri and Iversen (1975).

Erdtman, G. 1971, Pollen Morphology and Plant Taxo-
nomy, Angiosperms. Hafner Publ. Co., New York. 533
pp-

Faegri, K. and J. Iversen. 1975. Texthook of Pollen Analysis.
Ed. 3rd. Hafner Publ. Co., New York 295 pp.
Tkuse, M. 1956. Pollen Grains of Japan. Hirokawa Publ

Co., Tokyo. 303 pp.

Kim, K.H. and D.S. Koh. 1981. Contribulion to the polien
morphology and taxonomy of Korean Coniferalcs on
the generic level. J Sci Res Inst. Col Agr. Chonbuk
Nat. Univ. 12: 58-68.

Kim, K.H. apd S.T. Lee. 1978. Contribution 1o the pollen
morphology and taxonomy of Korean gymmnosperms
on the gencric level. J Korean For. Soc. 40: 35-42.

Lee, S.T. 1978, Phylogenetic significance of pollen mor-
phology. Kor. J PL Tax. & 59-68

Lee, S.T. 1983. Systematic studies of the Korean gymno-
sperms the genus Pirus —A palynotaxonomy of the
genus Pinus— Awnnual Report of Biological Res. Chonbuk
Nat. Univ. 4; 145-156.

Radford, A-E., W.C. Dickinson, J.R. Massey and C.R. Bell
1974. Vascular Plant Systematics, Harper and Row,
New York. 891 pp.

Roger, J. 1954. Revue de quelques iravaux paléobotaniques
récents publics en U. R. 8. S, Annales du C. E. D.
P. 6-2. Paris.

Shin, C.N. 1982, The palynological taxonomy of the genus
Pinus from Korca. Ph. D. Thesis. Chung Ang Univ.,
Seoul. 43 pp.

Ueno, J. 1957. Relationships of genus Tsuga from pollen
morphology. J. Inst. Poly. Osaka Ciry Univ. 8 191-202,

Ueno, J. 1958. Some palynological observations of Pina-
ceae. J. Inst. Poly. Osaka City Univ. 9: 163-188.

Ueno, J. 1959, Some palynological observations of Taxa-
ceac, Cupressaceae and Araucariaccac. J Jnst. Foly.
Osaka City Univ. 10: 75-86.

Ueno, J, 1960a. Studies on pollen grains of gymnospermae



June 1994

concluding remarks to the rclationships between Co-
nilerae. J Inst Poly. Osaka Ciry Univ. D-11: 109-136.

Ueno, J. 1960b. On the fine structure of the cell walls of
some gymnosperm pollen. Biol J. Nara Women's Univ.
10: 19-25.

Van Campo-Duplan, M. 1950. Recherches sur la phylogeénie
des Abictinces d'aprés leurs grains du pollen. —Trav.
lab. for. Toulouse 2, 4: 1-183. Cited from Faegn and
Iversen (1975).

Van Campo, M. 1971. Précisions nouvelles sur Ics structures
comparees des pollens de Gymnospermes et d'Angio-
spermes. C R Acad Sc. Paris, 1. 2720 2071-2074.

Van Campo, M. and B. Lugardon. 1973. Structure grenue

Pollen Morphology of Korean Gymnosperms 211

mnospermes et Angiospermes. Pollen Spores 15 171-
184.

Walker, JW. and A.G. Walker. 1984. Ultrastructure of low-
er cretaceous angiosperm pollen and the origin and
early evolution of [lowering plants. Ann. Mo. Bot. Gard.
71: 464-521.

Walker, J.W. and J.A. Dolye. 1975. The bases of angios-
perm phylogeny: Palynology. Ann. Mo. Bor. Gard. 62:
664-723.

Wodehouse, R.P. 1935. Pollen Grains. McGraw-Hill, New
York. 574 pp.

(1994. 2, 1 #5)

infractectale de l'eckexine des pollens de quelques Gy-

Explanation of Figures

Figs. 1-29. LM photographs of gymnosperm pollens. Fig. 1. Ginkgo biloba. Fig. 2. Taxus cuspidara. Fig. 3. Cephalotaxus koreana.
Fig. 4. Torreya nucifera. Figs. 5-6. Abies holophylla. Figs.7-8. A. koreana. Figs.9-10. A. nephrolepis. Fig. 11. Larix gmelini var.
principisruprechtii. Figs. 12-13. Picea koraiensis. Figs. 14-15. Pinus densiflora. Figs. 16-17. P. koraiensis. Figs. 18-19. P parviflora.
Figs. 20-21. P. pumila Figs. 22-23. P. thunbergii. Figs. 24-25. Tsuga sieboldii. Fig. 26. Cryptomeria japonica. Fig. 27. Juniperus chine-
nsis. Fig. 28, J rigida Fig. 29. Thuja orientalis.

Figs. 30-78. SEM photographs of gymnosperm pollens. Figs. 30-31. Ginkgo biloba (X 1700, X5000). Figs. 32-33. Taxus cuspidata
(X2800, X6000). Figs. 34-35. Cephalotaxus koreana (%1700, X5000). Figs. 36-37. Torreya nucifera (%2190, X5000). Figs. 38-40.
Abies holophylla (pollen, body, air bladder; X650, X5000, X4000). Figs.4143. A koreana (pollen, body, air bladder; X650,
X3500, X5000). Figs.44-46. A. nephrolepis (pollen, body. air bladder; X750, X3000. X5000). Figs.47-48. Larix gmelini var.
principisruprechtii (X800, X5000). Figs.49-51. Picea koraiensis (pollen, body, air bladder; x800. x3000, X3000). Figs. 52-34.
Pinus densiflora (pollen, body, air bladder; X 1600, X5000, X 6000). Figs. 53-57. P. koraiensis (pollen, body. air bladder; X 1200,
X3000, X6000). Figs. 58-60. F. parviflora (pollen, body, air bladder; x1100. X3000, x33500). Figs.61-63. P pumila (pollen.
body, air bladder; X 1200, X 5000, X7000). Figs. 64-66. P. rhunbergii (pollen, body, air bladder; X 1600, X3000, X6000). Figs. 67-
69. Tsuga sieboldii (X800, X800, X3000). Figs. 70-72. Cryptomeria japonica (X}2200, X 1500. X 5000). Figs. 73-74. Juniperus chinen-
sis (%3000, x4500). Figs.75-76. J. rigida (X2000, xX6500). Figs.77-78. Thuja orientalis (<2500, X5500).

Figs. 79-88. TEM photographs of gymnosperm pollen. Fig. 79. Abies holophylla (X 10,000). Fig. 80. air bladder (X 3000). Figs. 81-
82. Pinus parviflora (%2000, X 5000). Figs. 83-84. Tsuga sieholdii (X3000, X8000). Fig. 83. Ginkgo biloba (%25,000). Fig. 86. Torreya
nucifera (X15,000). Fig. 87. Cryptomeria japonica (X25000). Fig. 88. Juniperus rigida (<20,000).
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Comparative Morphology of Pollen Grains from
Some Korean Gymnospermns

Soh, Joo Yeop, Kyoung Hwan Tae, Sung Chul Ko* and Woong Young Soh'
Department of Biology, Han Nam University, Tagion 300-791, Kovea; and
'Department of Biology, Chonbuk National University, Chonju 560-756, Korea

ABSTRACT

Pollen grains of 19 taxa belonging to 12 genera in 5-families of the Korean gymnosperms
were investigated by LM, SEM and TEM, and their morphological characters were described
and palynological keys were made for each family. From the taxonomic viewpoint, palynological
characters are very available to intergeneric and intrageneric classifications since their distinctive
differences in pollen shape, size, condition of surface, sculpture pattern and presence of air
bladders and projection except for the intrageneric classification of the genus Pinus since the
overlapped characters such as pollen size and sculpture pattern. Pollen grains of Picea koraiensis
in the family Pinaceae are distinguished from the genera Pinus and Abies for the reasons that
shape of air bladders are irregular, air bladders are bigger than pollen body, and pollen wall
is thin. Compared with the genera Abies and Pinus that have air bladders, Picea koraiensis is
closely related to Abies in that pollen body wall become gradually thin from pole of proximal
face to air bladder, surface of pollen body is not rough, and pollen size is similar to that
of the genus Abijes. The presence of ektexine and enexine in proximal face, and the connections
of the former to air bladder wall and the latter to distal face were elucidated by the investigation
of pollen grains with air bladders through TEM. Endexine of the families of Taxaceae, Taxodia-
ceae and Cupressaceae was also observed as a pile of laminae. From the observation by SEM,
sculpture pattern of air bladder was foveolate with fine pits on surface. Sculpture pattern of
air bladder is reticulate under LM, but observed by TEM, it resulted from the transmission
of netted structure in air bladder.

Key words : pollen, gymnosperms, inlergeneric and intrageneric classification
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