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Preface

The gymnosperms that presently grow on the earth are generally classified into 4 kinds, viz.,
Cycads, Ginkgo, Conifers, and Gnetales. Their taxonomic positions, since they had been
classified into 4 orders in the early time, have always been a debatable concern. Some scientists
have raised the designation of order to class or subclass and others had recognized them as division
(phylum) or subdiviston (subphylum) and they even abrogated the term gymnosperms. Nevertheless,
up to date, and just for convenience they are generally recognized as the following families:
Cycadaceae, Stangeraceae, Boweniaceae, Zamiaceae, Ginkgoaceae, Araucariaceae, Pinaceae,
Taxodiacee, Cupressaceae, Podocarpaceae, Cephalotaxaceae, Taxaceae, Ephedraceae, Gnetaceae
and Welwitschiaceae. Although there are only 11 genera in Cycadaceae, yet they are widely
distributed in the continents of Asia, Oceania, South and North America, and Africa; and seldom
become forest. Aside from Cycas and Zemia, the other 9 genera are considered as endangered
plants. Ginkgo, originally grown only in China, are now distributéd all over the world. The
conifers has become large global forests with a coverage almost reaching half of the total global
coverage, and almost 3/5 of the total genera are located in China. It has been generally recognized
that China including her peripheral regions owns one of the conifers center in the world while the
other centers are in Australia and her east islands. The vast amount of coniferous genera and
species in which there many specific genera and species found in China, merit our priority
attention.

Reviewing the body of achievements from the botanical research of gymnosperms in the last
six decades, quite a good deal of the studies were rather diversified that made it difficult to arouse
international academic interests and not many of which were quoted as references, Unfortunately,
because of language difficulty and the lack of introducing more review articles to the public,
international communications in the relevant field of study are very much limited. Thus, the
publication of the “Atlas of the Structure of Gymnosperms” may greatly remedy those defects
and regrets. The book embodies quite a comprehensive list of the published references relevant
to the researches of gymnosperms in previous years. It contains a collection of pictures
(photographs and line-drawings) from various articles presented in systematical illustrations in
both Chinese and English explanations.

Itis an atlas of individualized characteristics and of practical value. The atlas contains a rich
body of materials involving illustrations of the structures shoot tip (stem tip), leaf, the secondary
xylem (wood), the secondary phloem, root, pollen, male and female reproductive organs, seeds,
etc., especially the SEM micro-photographs which are clearly and vividly discernible. It is not
only a very valuable reference for research and also an illustrative teaching material for teaching
botany that is hard to obtain. The publication of the atlas by all means further promote the
developments of various subjects of studying gymnosperms in our country.

October 1999 Li Zhengli

College of Life Sciences,
Peking University
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1 2 5 Introduction

BTHEYKERLFE +0EA, BEIZEFHNHAERRELKDHA, dTH
BN ZRET, BEEE-ROETHEY, NOMECHMKE, MBS
SpiEibt ok . A HER E VMR TEYAIE TR, RIEKubitzki, K. (190)H LR E,
EMSRN1TH, 82&, HHhaE|as (18 1#). el (12/847200%). £ (9
B 167). FFHEZI 208 125 %)), Phyllocladaceae (18 170). BIEERBIQ BL324).
BIARH1T BA 125 F). ZRERQRERA12F). ATERGEBA0HM). KRR
(Boweniaceae) (1J@2 ). FREEL (1/@ZY2070). BRERFL (1@ 1H). FkA (88
29100 %), BRETEL(1 JE 35~45Fh). LRREERH BL30#) MEZZHARE1I#H). B
R, SR FHEPARIZ(12 500 & 25 HAM L, #THEDWAFMEESRE, BEN
FERdh ER R S R A ® A 50% A . BILR W, HFEYN T ARKEFLEREZ
FrERENE, DERERANEZNIEM.

REBTFEPERETSEE, UERFEYHE 11 F, 418, 300 SR,
ALEEMAFERTFETHEHYAH LN LEALL. BRPRIBGEZEM,. NERTRE
(Ginkgo)., BI2JB(Cathaya). &BW\B(Pseudolarix), K¥yJE(Glyptostrobus), KIZJR
(Metasequoia), &5+ J&(Taiwania). 1R JB(Fokienia). MAHJ&(Platycladus), VA%
i 774k (Cycas panzhihuaensiss) . B W3 £2(Abies beshanzuensis) F1EH G472 (Pseudotaxus
chienii)%%, WARERE WL HHIGBIAIMS FIELA . XEMEIMERE
MEZRAMEERTR, MEAMHARAYESHEYEIEDRZRETSERE T+ FER
B %L

AREXN TR FHEYENE. BRRENARARRCERRKIDE, RE0ME
0FEMRFTFFR, KA RE (1933) 3t ER THEYSBAMITE. KR (1936)
SR AR . B4 (1936) XFRE LI IAEY T FRIBRIPIR . EIRH%E
(1944, 1947, 1948, 1950, 1955, 1960) 4> Xt =EEMAL. KIAFI B AN SAEY LR R
BHHRRPEE FHEDEHFEOHR. Fils (1948, 1949) KA HEEMRE
PaRE 6 MM 2R A SRR FT . ZIEH (1952, 1953, 1954, 1955) XTSRS
B TSR ZRERMTRE. KM (1954) MRS RV K B
HERE, ERRRZASMZAZ51H. KE, £ TEE N HER =AM
%7, REBUSB T KEFMABRRE, FARE =144k, AFRERLHREER
T, PEBEREYHRTAR T EERWERA R, MRTEYHTT RS, £HHM
R, B RORAMEPAZEBNERT IR BEERNATL2S, REE
MAAEEZRTIY EARE XRFHEY T EMNEXCAHEARR, RMEHERETT «F
EHEYEY (FB-LE) (1978). (AWESENERKEY (1978). CEHAZLEWF) (1990).
CEREER SUREED (1993). (ZREAYZED (1999) FFEE. LRHARRE T THE
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SN EAT B H RISRZU S . Jesh, BN A RS K& BB BT AL, INdLRTRF. 7Y
JERHF dulRFE. RS FEMLAABEARK TR, EAM R
YIRS, HER T YRS E T KREMPIR LI, SEEARTR TEY R
HRRILFGENE T AR TR SR A E R R EIL .

A A5 S AR [ B R BT R B 20 4 R R T R S M BT SR N B e, T
ZILET HESA XA REBRARTIIR, AP BAARMEN, Tt
FRME. HE T BEBAEN BT RS TrIE 7800 KB, RINACAHDRLKE
B ERE TR £HRERETHMMEE (1978) KWRTHEYSERR, HIU
AR ERAARAT T EHS, HANUARTHEY S LM E LSRR R LA,
il ELiE A A ERERC T4 %2 7 B MG USSR R AR ) B . s A R — IR I 1
MiE X ESRIHMREN, R -ERPELEEAFRTEYEHTE (BHE. K
fase. HMFNLREEY) RREEITER (§EEFE LRNE XU R EERE
W) AHEETENMNEEY T RFS REEYF. BEF. BhRl¥E. By, ik
W BHEYFRRIPAEYFEE X FREOTRAR. KRERRREYFIRNESE.

EAEERS LET, B8 TEATZ X FENRNFHNRE, KhsileE
HIHEERAARNFEERASUNERTRR T EHREEIRE P, BTk EMEICR
BitasF T ARSI R ), (HH—FF RO HUE . i T AR 5 I (A B, 4%
FHNLSKFER, HiRSHEEZAL, 805 KREEHRITELE.

MEE HER
199948 10 H T4 L

The gymnosporms have a long evolutionary history which may date back to the Devonian, at least three
hundred millions of years. With the change of environmental conditions, some taxa which flourished for a time
became extinct and some new taxa appeared as a result of diversification of the ancient group. It was estimated
that there exist about one thousand species of the gymnosperms in the world, and the remaining members of which
are frequently grouped into four orders containing 82 genera of 17 families in accordance to Kubitzki(1990)
classification system. Although the number of extant species is much lower compared with the angiosperms, the
gymnosperms covered over 50% of forest area in the world. Needless to say, they are of importance for human
survival and economic development.

China is the third largest country in the world with its land area covering approximately 9.6 million km?. From
north to south, its territory extends from 5 500 km through the cold-temperate, warm-temperate, subtropical and
tropical zones. From west to east, it measures 5 200 km, stretching from the Qinghai-Tibetan plateau to the Hubei
plain. The great diversity in topographic, climatic and ecological conditions in China results in an exceedingly
luxuriant vegetation and rich flora.It was calculated there are 11 families containing over 300 species of 41 genera
of the gymnosperms in China, among which many are considered endemic or rare species, e.g. Ginkgyo, Cathaya,
Pseudolarix, Metasequoia, Taiwania, Fokienia, Platycladus, Cephalotaxus, Pseudotaxus, and Cycas
panzhihuaensis, Abies beshanzuensis and Pseudotaxus chienii etc. These taxa are not only important resources

of gene bank, they are also precious materials for evolutionary and phylogenetic researches as well.




Research on anatomy and embryology of gymnosperms in China has a relatively long history, which date
back to 1930's. Some pioneer researches provided solid basis for the future investigations, and they were still
widely cited nowadays. For instance, Tang (1933) comparatively investigated the wood structure of the
gymnosperm, Zhang (1936) firstly found the resin cells in Pinus xylem; Xu (1936) made systematic description
on leaf structure of pine trees in the northen China; Wang (1944, 1947, 1948, 1950) made detailed studies on
embryological development of Ketelerria evelyniana, Glyptostrobus pensilis and Podocarpus macrophyllus;, Yu
(1948, 1949) described the wood structre of Metasequoia and several conifers from Tibet; Li (1952, 1953, 1954,
1955) thoroughly studied leaf structure of Dacrydium taxoides and fertilization of Ginkgo; Chang (1954) observed
the bark structure of northern American conifers. Consequently, a dozen of researchers have been concentrating
on such a topic in the last half century, in particular, a research group presided by Prof. Fu-hsung Wang In Institute
of Botany, Chinese Academy of Sciences in the last decade has conducted systematic and comparative studies on
many taxa including 37 genera of 9 families. As aresult, about one hundred of academic papers were published
at home and abroad. Several monographes appeared to readers, the examples of which include “Structure and
Development of Pinus” , “Biology of Carhaya” , “Biology of Cephalotaxus” and “Selected Works of Wang
Fu-hsuing” . These publications have received worldwide attention and postive response from the researchers
all over the world. In addition, some other organizations, e.g. Peking University and Chinese Academy of Forestry
also performed a series of specific researches and collected a wide set of evidences which contributed
tremendously to the systematic and evolutionary study in the gymnosperms.

This atlas is mainly derived from the long-standing collections in the anatomical, embryological and
palyonology studies of the gymnosperms conducted in Institute of Botany, Chinese Academy of Sciences,
together with a wide range of research achievements provided by various organizations. Selected from a wide
coverage of published figures, over 800 graphs, drawings of light microscope, scanning electron microscope and
transmission electron microscope were arranged in terms of different organs and tissues according to Cheng and
Fu (1978) classification system.The final chapter contains a list of publications on the structure of gmnosperms
contributed by Chinese researchers.

It was attempted to provide coverage of comparative characteristics from various taxa, and to supply
explanation of development framework for different stages. The atlas, attached with Chinese and English/Latin
explanation, is a well-suitable reference book for researchers, university students.

The book has benefited tremendously from the generosity, cooperation and help of many professional
colleagues and others who have provided illustrative materials in the form of original pictures or photographs,
prints, negatives or slides from their publications for inclusion in the book. In particular, we should acknowledge
with gratitude the encouragement and recommendation from the CAS academicians Prof. Hong Deyuan and Prof,
Wang Wencai during our application for the publication grant of National Natural Science Foundation of China.

October, 1999 Lin Jinxing & Hu Yuxi
Xiangshan, Beijing




2 BIm  Shoot apex

21 49K Zonation of shoot apex
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With the exception of tunica-corpus structure of Araucaria and Ephedra, the structure of
vegetative shoot apex in many gymnosperms is cyto-histologic zonation. The zonation may be

characterized by dividing (1) the apical initials, (2) the central mother cells, (3) the peripheral
zone, (4) the rib meristem. The zonation nature of

shoot apex is further clarified with the studies of
ultrastructural and histochemical characters in the

shoot apex of Torreya grandis.

RTEYEFERNSXER
Diagram of zonation of vegetative shoot apex for
gymnosperms

AEEHBYIME Longitudinal section of shoot apex of Taiwania cryptomerioides (X280)




AN B IR E
Transection of near shoot apex of Pinus
tabulaeformis (X45)

(1)l HEE 3 XMEREN (RIS XEN), (2)MMHETE 15 RNEREN CREFREMSXEN), (3) M LT
ARIB B IR, (4) A FTSF L B A E I 51

(1)Shoot apex when seedling is 3 days old, (2) in 15 days, (3) resting period, (4) new terminal bud formation period of Pinus
tabulaeformis (X150)



SRAZTFATE
Longitudinal section of
terminal bud of Cathaya
argyrophylla (X60)

RETFEDHER RIZEFER

The crown region of terminal bud of Cathaya argyrophylla ~ Shoot apex of Cathaya argyrophylla (X150)
(X150)

Mzam (EKEI) A ER (PRERED)
Shoot apex of Cathaya argyrophylla (growth period Il) (X200)  Shoot apex of Cathaya argyrophylla (resting period) (X200)
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'I"\!. .'. 1 KA R HRFEE I% Shoot apex of late embryo of Pinus
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i¥ALh E ¥ Shoot apex of seedling of Pinus tabulaeformis
(X150)

¥

B R ¥A B % (ﬁ?ﬂbﬁi@ Shoot apex of Pinus bungeana
(new terminal bud formation period)(X150)

AT
Zha

HEH\#m (PRBRHA) Shoot apex of Pinus bungeana
(resting period)(X150)
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