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Chapter 1 Gymnospermae introduction

1.1 HFEYENL

B4 (Gymnospermae) BRI FRMFTPRMLSH—A, HWAHY MK E LA T 5O,
FFITRE A, FFRERK, SRETHEY. IEA. K2, Kk, WK, BEZE.

BT RALRY, 138, A5, 850%, FEARTFHEAM, RURKHSERWEE,
BB Z ke EERF; FEA 108, 34 &, 4250 F (Farjon, 1998; {37 E 3t 5,
2000),

1.1 Definition of gymnosperms

The gymnosperms(Gymnospermae) are a group of spermatophyte seed-bearing plants with ovules
on the edge or blade of an open sporophyll, and are distinguished from the angiosperms by having naked
ovules and seeds. For example, Ginkgo, Metasequoia, Glyptostrobus, Platycladus and Araucaria are
gymnosperms.

The gymnosperms are arborescent, and have 13 families with about 75 genera and 850 species which
are widely distributed in five continents, especially in the Temperate Zone and the Cold Temperate
Zone. Totally, 10 families with 34 genera and about 250 species of gymnosperms are found in China(Far-
jon, 1998;Fu and Hong, 2000).

1.2 RFHEYES KGR

BFEMASEEREEY, KENRBIBBFATA, DRER, BHEE, KEARBIL
FLmERER, RASYE: DEBIARETNEHRABE. HEIEH. HEXIBE, HAAR
2%, B, B, #REEERR, LR, BESKRER, MMFHRASLHMTH, h
REHALRE 2AMITHE: BHXEER, ERHXGERENER I BIRIREHHET X
RFHAERAAGFRE, EE—FEHBRBOIEK, SEAERTTURSUE TH LK KR T 1%,
BEHRETREE, AEE. ROMKEAR, TRAKAL, HFRBTHRZL, IHIBEERR
Fot kB BR AT, FOIE i MR TR 5P AR A, R L b M C F 4 LA o K T A
FEmRKREENR; BARMESHTH (EEMELE, 2000,

1.2 Morphology and structure features of gymnosperms

The gymnosperms are perennial, evergreen, arborescent, mostly monopodial branching arbor, few
shrub, rarely vine. The secondary xylem of most plants only consists of tracheids, few plants with ves-
sels. Phloem only consists of sieve cells without companion and sieve tube. Foliage line-like, needle-like,
scale-like; few pinnatisect, fan-shaped, broad, band-shaped, or membranous sheath. Flowers unisexual,
monoecious or dioecious; male inflorescences composed of several microsporophylls of various shapes
bearing two or more microsporangia; mostly anemophilous, germinated pollen tube with two movable or
unmovable germ cells; megasporophylls bearing one or more naked ovule do not form close ovary, and
mostly grow thickly at the top of trunk or form megastrobile at the axes;ovule erect or anatropous, in-
cluding megaspore, nucellus and integuments, there is micropyle in the top of ovule. Seeds grow at naked
fertile scales, or are covered by aril deriving metamorphotic megasporophylls, and embryo arises from
fertilized egg of female gametophyte; embryo endosperm derived from the other parts of megagameto-
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phyte; seed capsule arised from ovule, embryo with two or more cotyledons(Fu and Hong, 2000).

1.3 BTN RuE

BFHYRBTHFRYT, UMTHTEE, EOXME LA TURTEEMREEY M3k
REFHEQENBTFEY BTRAREEH Z6H.

1.3 Systematic position of gymnosperms

The gymnosperms(Gymnospermae) are a part of spermatophyte seed-bearing plants, and situated

in between sporiparous pteridophyta and angiosperms having integuments and pericarps.

HYF Plant kingdom
ALY Phycophyta
EE#HEY Bryophyta
BEEY Pteridophyta
#BTEY Gymnosperm
BTHEY Angiosperm

L4 RTHEVNIERERS

Sahni(1920) . Pilger(1926) , Chmberlain(1934) , Florin(1954) , Sporne(1971) ,Meyen(1984) %2 &
BEESESTHYFERRE TETRFHY S ERE. £PEH, BAHE (1975, 1978) HHEME
F% (Fuetal, 2004) #EHETTHCHIEES,

A% (1978) HRERTHIIE AN H, HPHHKHKNE, BEHREEETFHININE
S5HMBEFHVEAHEANAR. EREEAARAFERMEAARTER. BILAE, 4588
RE B AV R RO LR %,

BAHMETHYESLS Pilger 24 (in Engler and Prantl, 1926) XIS FELETF. QA NHA
BARE., HTESNEEER. BB BB W) B RAANER, HELBEEN
WIS SEHAEED; BHIBELS. OFRRBRE, #FARBIIRABEMERBERT
MR EaRNTIURE (B). 288 (B) IgEes (B), HELEEARERBRERE;
s EL, B, BAYRFHYREETR IR, HAoRREHIIWT.

1.4 Gymnosperms classification system

According to morphological or paleobotanical evidences, the several gymnosperms classification sys-
tems have been established by Sahni(1920), Pilger (1926), Chmberlain(1934), Florin (1954 ), Sporne
(1971),Meyen(1984), etc. In China, Zheng et al. (1975, 1978) and Fu et al. (2004) also founded their
own classification systems.

Zheng et al. (1978) divided living gymnosperms into 4 classes and 8 orders, in which Cycadopsida
(Cycadales), Ginkgopsida(Ginkgoales) and Chlamydospermopsida are generally close to other classifica-
tion systems. The differences of individual classification systems are presented as following: whether or-
der should be presented in Coniferopsida; how many orders could be proposed in Coniferopsida; whether
Taxaceae places into its order;and evolutionary trends of Coniferopsida. '

Following characteristics of Zheng’s system are different from Pilgers’system(in Engler and Prantl,
1926 ) : @ Araucariaceae, Pinaceae, Taxodiaceae and Cupressaceae with strobile and naked seeds form a
natural group. Their evolutionary trends are as follows: the numbers of ovuliferous scale and bract scale
of ovulate strobilus evolved from more to less, the shape of them varied from separation to integration.
@ Podocarpales, Cephalotaxales and Taxales without typical cone, seeds not naked or semi-naked and
enclosed by aril developed from integument. Their evolutionary trends: strobilus long spiciform to
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short, bract scale more to less. Currently, Zheng’s system is widely accepted in China. The treatment of

this system is as follows.

i3 Cycadopsida
piY;3E] Cycadales
Bk Cycadaceae
BEH Ginkgopsida
B8 Ginkgoales
WER Ginkgoaceae
WEH Coniferopsida
LN S| Pinales
LR Araucariaceae
/N Pinaceae
72 Taxodiaceae
isEs Cupressaceae
EAVE/N | Podocarpales
EALUN Podocarpacea
=ZRIZH Cephalotaxales
=REH Cephalotaxaceae
AR A Taxales
agek Taxaceae
HFHEYA Chlamydospermopsida
WEHE Ephedrales
R ER Ephedraceae
LRk E Gnetales
KRR Gnetaceae

1.5 iR THEY MR

BTHYRRAGHTHEY, HEE. RERFELEA. EHEBRORE, RRIBF, HHRFH
M BB ERNEREL, RTHEYEEEZ SREGES, BORBHKER, HHXHEEZRL
Wk, HIFERRMFLBRERNHESR. RR. KHES.

BT £ AT PR e I B & A AR BRI, B4 3.5 {Z4ERT. B ARK
4, BTHYAFHRE AT EERE. ETEREFERENBANS AR ERMY).
HEETHYPARPREERATESL GRELHED, B XL k)6 Mk & TR, HEM
E4,

BRTHYERERLEES, 2HT—RIINBAREHEL. SEAYENKEERHRNFE
By BTRAMEEISM RFHHEEIRERSRXMTHIR KRFHEHFL BETHA
RBEBHENE: BREFHEIN, SAEHMT, RRIALFBHHL: FRBHEL, HLER
BRA, 8%, REREHBTORL, ERTFHYATEETEBENREER &G, TAHRR
T RREREKF,

1.5 Gymnosperms during the geological times

Gymnosperms are a group of primitive spermatophyte with a long developmental history. In the
large-scale geological period, big fluctuations of earth environment and climate occurred several times.
Some of gymnosperms were extinct with each fluctuation, and others were arisen, developed and re-
newed continuously along different evolution way to the current day.
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The first appearance of the gymnosperms was in the middle to the late Devonian of Paleozoic about
350 Ma BP. At the end of Paleozoic, the gymnosperms became the predominant land plants. In Mesozoic
and Cenozoic, gymnosperms spread to each continent. Among the living gymnosperms, many taxa oc-
curred in Paleogene and Neogene, and then passed through the glacial period to the present day.

A series of morphological and structural changes of gymnosperm occurred during phylogenetic evo-
lution, including secondary growth evolved from weak to strong, stem from non-branch to branch, spo-
rophyll from scatter to gather forming in different kinds of strobile, gradual specialization of megasporo-
phylls, male gametophyte from haustellum to pollen tube, male gamete from multiciliate zoosperm to
aciliferous sperm nucleus, archegonium from retrogression and predigestion to absence, etc. The evolu-
tion of reproductive organs promoted gymnosperms to develop in a high phylogenetic evolution level and

adapt well to land environment.

1.6 it FEE R T Y

BTHYEHEOSE R, TRER, mERAES 2ZRRIN WRNT: HL6TEd
A3k, AR, DPUMBHBEEER EPREER, DM TR LTAN; BEFE™9H,
I ERA T EREHE KB HEX; MEERNE (Pinus) KDEFYHTREEERS, HiE Y™
¥R CRBREREFENIZR (Athrotaxis) PP KFESN, HAEF S T LR TR
K; ZREHMIHTHRURHBLPEELGER; AGCHBRBMBERNIGE (Austrotazus) =5
BERES, HMBHH G FIERBS RWARFEL (. EHABtE, 2000,

1.6 Gymnosperms distribution in the world

The general distribution regions of gymnosperms, except for Cycadaceae, Gnetaceae and Ephedrace-
ae and Welwitschiaceae, are as follow: Cupressaceae is distributed both in the Northern and Southern
Hemisphere. Cycadaceae, Podocarpaceae and Araucariaceae are mainly distributed in the Southern Hemi-
sphere, except for a few species of them in the tropics and subtropics of the Northern Hemisphere.
Ginkgoaceae, a native conifer family in China, is widely planted in the tropical and temperate zones of the
Northern Hemisphere. Most Pinaceae are distributed in the Northern Hemisphere, except for a few spe-
cies of Pinus in the Southern Hemisphere. While most Taxodiaceae are distributed in the subtropics of
the Northern Hemisphere, except that Athrotaxis, a monotypic genus, is distributed in Australia. Cepha-
lotaxaceae is distributed in the south of East-Asia and north of Indo-China Peninsula. Moreover, most
Cephalotaxaceae are distributed in the temperate zone and subtropical high mountains in the Northern
Hemisphere, except that Austrotarus, a monotypic genus, is distributed in New Caledonia (Fu and
Hong, 2000).

L7 P EEERTRYSR

PRBMIRE, SEMERAXNESE. EPEREFEAEZ4L-HRRBHSIE, BNLKE
B NBAEEZFI KK ENER, ERERFTE=L2 GHLCHT) kL BEEENSRE,
BETHMRTFHYX ZAAREEY, BRENE. SHRENFERS . AR LS KL
B B P EAFIE,

gt PEMETHYA 10 B 34 B4 250 B, fRAERBAE THYHE. B, EEN
76.9%. 45.3%#29.4%, RURLBETHYRETHORE (@ FHMidt#, 2000),

EPEAHNRTHYD, FERIGENANER PR, FRHRILERABKBEE XS
Bt RIEME FBAh, WG LME —EBEH (Ginkgoacese); FABKBHKER (Measequoia)
K¥AR (Glyprostrobus) . B (Cathaya). &8BH& (Pseudolariz) MAEKR (Pseudotazus);
YUGHRBNLOHNBAEBER (Taiwania), ¥2 KB (Cunninghamia). #EHI/B (Fokienia),
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WA (Platycladus). BN B (Amentotazus) FiHAZIR (Keteleeria) %, LARRMFh, EH
H8 (Cycas spp. ). Y242 (Abies spp.) %,

HEBRE TR B HRREKE SRR EN) . =8, /M. S, #E. TR,
BR., Wb, IR, #T. ABABAE (R HEEER, 200D,

oh B (48 TR R K BOUH B FRDFAH0. 8%, B HHERBEHRETRTHERR. BT
YR A2 H AR AE RS, SRR s R A, BRI, EFREKRIL, £
LR FALHX B 4 AR R YRR —, ERE XA AP ETNRFHEY YA, TE
#7, h RERBEBREMHARRAKSS, EFXRLHRRERIHHOEAMD R AT, S H%
KBS Bk, PEEMRNREMASERR 711131 F hm?, GFEMAKSEBR 49.80%; ER
K656 874. 12 A m®, HBMBERERMN 54.30% (Lei, 2005), $HAAMBHRER, Z+FEMHH
FEBEERR,

BFHEYEREATA, Bitk, MTEE, BRARROBME, HAMRAQHEE. 5MY
5, AAK, BERRAS TN TSN, BE2HE; EREENTULHMRA, WEAKLEE
FREERAMRR, B, GHRAZAHELR, ZEPKR, RPKLARERRETESED
TEENER AEMEEE, 1994),

1.7 Gymnosperms distribution in China

The types of climate and physiognomy in China are very complicated for their vast territory. The
climate was always warm from Mesozoic to tertiary of Cenozoic and not destroyed directly by the fol-
lowing icecap of northern continent during glacial period in Quaternary. Therefore, the stable climate
has been kept basically since tertiary, for which the gymnosperms distributed in Chinese territory has
the characteristics of rich species, old origin, many ancient epibiotic and relic species as well as various
specific forms and multiform types of coniferous forest.

China is the richest country in possession of gymnosperms. Statistically, 10 families with 34 genera
and about 250 species of gymnosperms are found in China, which are respectively 76. 9%.45.3% and
29.4% of total family, genera and specie of the living gymnosperms in the world(Fu and Hong, 2000).

There are many specific monotypic genera or oligotypic genera among the gymnosperms distribute
in China and some species are ancient epibiotic species or relic species that are extinct in other zones of
the Northern Hemisphere. For example, Ginkgoaceae is a specific monotypic family while Metasequoia,
Glyptostrobus, Cathaya, Pseudolariz and Pseudotaxus are specific monotypic genera. Taiwania, Cun-
ninghamia, Fokienia, Platycladus, Amentotazus and Keteleeria are semi-specific monotypic genera or
oligotypic genera while Cycas spp.and Abies spp. are epibiotic species.

The area with large quantity and high diversity of gymnosperms distribution are Sichuan, Yunnan,
Guizhou, Guangxi, Hu’nan, Guangdong, Fujian, Hubei, Jiangxi, Zhejiang, Taiwan and Shaanxi(Zuo and
Fu, 2001).

Although the species of gymnosperms are only 0. 8% of that of angiosperms in China, however the
stock volume of coniferous forest is slightly greater than that of the broad-leaved forest. The gymno-
sperm trees often form pure coniferous forest in large-scale area or mixed coniferous forest, or mixed
coniferous-broadleaf forest as well. The gymnosperm species of the coniferous forest grown in north-
east, north and northwest part of China are simplified, whereas, species of the coniferous forest in south-
west part of China are much abundant. In south, central and east part of China, growth area of Cun-
ninghamia lanceolata and Pinus massoniana plantation is larger than that of natural coniferous forest.
The most recent national forestry survey indicates that currently the distribution area of coniferous for-
est in dominance of China is 71. 113,1 million ha? while timber stocks are 6,568, 741, 2 million m® and
they are 49. 80% and 54. 30% of the total forest area and stock volume, respectively (Lei, 2005). The
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gymnosperm tree is the main sources for timber use in China.

Most gymnosperms are high monopodial arbor with straight trunk and high timber yield. The gym-
nosperms wood can be used widely with the characteristics of straight grain, even texture, long fiber,
high strength-weight ratio and easy processing; therefore gymnosperms provide the most important tim-
ber resources for forestry and wood industry. In addition, gymnosperms play key roles on water source
protection, soil preservation and environmental improvement, because most coniferous forest is distribu-

ted in mountain area(Zhou and Jiang,1994).



