VTR A e 3 b
%Pi@iw%ﬁﬁ

fm:
. ..‘ﬁﬁ{kﬂﬂ.
..
¥
; CHEP Sy Springer
A AR \ e




ERE 2N
FEBRES SRR

% o
o

T &/ ETAE F Rt
REE LK FH
ENNE I
5% B X & B,

S CHEP Springer
BEHE AR HELPRAS i AREL

P Y
R o



EHERARHE (CIP) M %

FEAREIENRRFLEEESSER / EAR FHRER .

—dba: BEH BT AR IR . R PRAS th R AL, 2001 .11
ISBN 7-04-009544 - 0

1. e

1.OF - OF-

M. %K -8 -+E V.s91.24

o (] i A B 4R CIP 3R 4% 57 (2001) 5B 023587 &

MIERB 254  HERIT & »

BEHE F X

MEEE H4x

FERRIEMAREEEESSHEA
Thl FHEE K

B R & 5T
# 0 4
B &
R4
£ @
.
X
B ¥
F N
wm

RS AL AR

RN RREMEE S5 F
010 - 64054588 :
http://www . hep.edu.cn

http: //www . hep.com.cn
FEBB IR R
RN

787 x 1092 1/16
14.5

400 000

4

. A
% N
B %
B %
T H

100009
010 - 64014048

2001 SE 11 A1 MR
2001 % 11 A% 1 EPRd
30.00 &

©China Higher Education Press Beijing and Springer-Verlag Heidelberg 2001
BN WMBALT



B

MBEHEMERE, TR FIERILBEE LR AELH KB, RER
WA HER P ORXZ—, BRSO R ERA DR, SRNERKm B
ARET AR AT PR, RE R ERMB BT Z AT AT ER. DRRIEERMRR
WA UE AT A A &, TSN EESHE PESTVE . EAR
HRZFNEBAREFFREATHERNER.

FEUG HEEREFBEMEDRRE, RE M FKERZ BT ERR, QERK
FE P9 B R ARPKAN W B R A 5 LT B R o a2 AR BE LR K, X T R A
wRSHEN,

—BB M RS K, KEBNA T EF AR, HRERRERRFRA
HRBRAREMA T HARAE. Hib, 520 TR0 R B/ TR A5 R, Il
Bl B — 2R BRRFRIRNASON S RMREAREMEAEE E-HEE
#.

ATHRERREEWFHFTHRIRSESE R ARBR ISR THEREERENTR, R
ITF 1992 S LIE AR M RBEAR BB A RE, dRTHE2REL¥BA%
DU &, Bl T 1994 48 LACH R B FR A FARBR FLE BT SO N IR, 1 TER A A#
FES BRIV TED. UE HRITENE T RFREX, FEMNHERIHALRE
#.EWMARAERS, LEETESFERAFTR T, 45 T 1995 F£RA 1998 FIRAH,
A PTEE4 7 2N . ERRERMIMPIE LEMFFAEBRESIRT BB THKRRIE
EEABER.

AT F KB K RS R R LU P G F R R T TE LA — R 5
BB H A BE YRR, X — R B R AR TR Y6 &R KA, E e LA
PR REERAE, B, FRAAR FRRIFENRBRARD T, AEEEN¥R
B HME R = S0 BR S LU R — R b 8 L BF 5T A IR A R 60 R R R 4 L AR B L
BAEFTE URBEERRR, TURER-HAEAHENZRN, EEASEREN
BAEER S . ik, ERR TS, 8%, IR K4 5T 68N B L7 5 F Bbkow
e RE LD AL E AR LOAR AR R 12 D RR R A TR, R
S 0 B0 T 1F S DRI AR, B O LA BB R S 3o R AT B T RO A 3, 1 [ /R R
FIFFZ G T ot RO, B & B B 50 AR 200 LAMCSE 0 S Ak R O PR 1, IR
FiFROR S LA, BB AR E BT ST, 8 R B 7
A BHECRR R RERE T, U BRI b 5 T B T ORIR SRR, 1R T R R R O W
PERMETSEPE . K, BAKBR O IR IR B — 09 TAE D7 B AT, R X3 AR R A
FEAWHRHG, BBBELHHARTORRTE. B0, FRIMERHNFH T8
EERE ERREE, I ERIEE R BB W8, 0 8GR T SE 47 1% 0E B0 4 e R
FOUERAMEBAREXIENREERAR . BE, HHCH ORI RRM %4
S8 REBCROCH, BURE IME QR E, B Z#T &M FLEFERR, A
THEFAFEOLET EEERE - SRR IR ARBRRHFRROER, HFLHRESR

il



Ca wooF

BOAHEFHAR , SREGH RE R AR

FAEXEPRIAR A EZ R AT LUIR B BEIE0 T . (1) 3@ X S B 2 RO
HHEMEE NERESBESFEONENSH, EA LHEF 7R R B AR R
S 18 R B9 A [R) i JRUFH T R BR A JEUES , 3F LABE Oy 4B X X Se W Fbh 7 4T T HRIR AR 59 2% ;
QDFBAEE - EH B KEGER EARBALBUERANEE A EHRERE
B RHILFEEM  TRRE SR VRS, DR S m 5 o 4, 1 350K i R IE 1R FD
SREAXIMARBEEHASARHTRRA, ZX LRFTRRK RN E LR
FE R R AP TR IR B DL (3) T B H A H B F KR W Z R M REEMS, U
ERXRAEMUFANLEHFFEREHTHR . BA FRETHREATERHEXER
METHERTHEERFRFMERMEFEAR, HPEHTHTRBEKIREENH
WA BB T IR B AR B R ElF .

ABRTAIRRAFMTRORRSEMBEEROFRERI, EBE 7 HRR— 2R
PR SRR SRALAA BAERSEE KAFEAEESERMRERE KR
AR FRUUESE T mABTRRR . X8 X X SRRl Ak B B S R S A
BREHEAREARERRFERELNFERAEENERMENESETSNERE
L, Rt ERRMETHARARS S,

ERBEHRLE P, BB TR K LR ILLARG KRS, BB ILE KK
WRHARFH L THEEREERRF, LEEMHERERTFR . B RBR KR B P
HEXAR R KTHRALER OMEHKLR BEALR RAEAEHERLRE, HRE
PR T ARAER 35 /D BE L ARl IR I R M R R ARG, AR A TR T3, TR
A MRl 5 8 LD R T IR P E AL B2 B ST B AR B2 B ST BT R SRR
B, L ARk B BT+ Z Bk, A R AU AR KA Y P B K T R, R iR 1R
BTHRIEMEKRET ERBE KEREE, PERERBKEER EHREKEHRE
EEE AHEAERALTABE, HRNREAERFREE HREEIEE BEREH
BITHRREBERKEBMAER WEAUHERAERERK FBETRABK
HETFRERELEM, FEALBETRAEESHHRA  EXERAR, LETHK
ERTFERBMARK KEEHK URKAREXRFEIDERRE REFHE FREH
B EIRPHEE HHTEHRE BERNBBENDANFHER REXYE TR PR IE
HEHRETZEMMBERD . A BNEASEFEZER, BUSMBRTELERE
B & S ) R 30 B R

BE BEAVMRE & FLAEMNRAR, B EEFEEINEREORRE, RMNW
BHAEHRXERA KiEESL FHIFHE,

IhEE FhHe
2001 E2 H 15 H



Preface

Distributed mainly in the areas to the south of the Arctic Circle and to the north of the equator
in the Northem Hemisphere, pine family is very big and has many categories. China is one of the
central areas of the natural habitat of pines with 40 ~ 50 species, including the original, introduced
and variant species. They constitute large areas of coniferous forests or mixed coniferous and
broadleaf stands, or are widely used as major species for afforestation. Pines not only provide timber
and other forestry products but also can improve ecological environment and maintain ecological
balance, thus indispensable in developing economy and improving people’s lives.

After the founding of the People’s Republic of China, as a result of the rapid development of
economy, its forest resources were seriously damaged, including such natural forests as pines, which
were continuously felled and utilized. But on the other hand the afforestation of pine species has
been extended greatly and the need for the seeds and the seedlings of pine has also increased
rapidly .

In general, pines can reproduce easily and the seedling-raising technology for most pine species
is available. But the deep dormancy of the seeds of some pine species retards their reproduction.
Therefore, researches on the characteristics of seed dormancy of those species to work out ways to
effectively break dormancy are essential to speeding up reproduction and increasing the production of
best seedlings of pines.

In order to conduct systematic researches on the dormancy mechanism of the major pine species
in China and the solutions to the problem, we applied respectively for the Specialized Fund for the
Doctorate Disciplines of the Institutions of Higher Learning in 1992 on the basis of The Research on
the Traits of Pinus bungeana and its Afforestation Technology, and the National Natural Science
Fund in 1994 on the basis of The Research on the Characteristics of Seed Dormancy of Pines. With
the above grant, the researches started on schedule and, in spite of limited funds, frequent
transference of the researchers and heavy workload of many other demands, were completed in 1995
and 1998 respectively.

Seed dormancy is one of the physiological and ecological characteristics of the trees resulting
from the plants’ adaptation to their environmental conditions in order to keep the continuation and
development of the species. The feature benefits the survival and reproduction of the plants but
poses particular difficulties for forestry production, and thus the researches in this field are of great
importance in both theory and practice. To study the dormancy mechanism of different species and
the ways to break it and accelerate germination, as well as their geographical variation patterns based
on pine genus as a unit was new to us, and furthermore there were no precedents to follow both at
home and abroad, which presented great challenges. First, we chose 12 species which are
commonly used for afforestation in the northem and southem areas of China, such as Pinus

koraiensis, P. bungeana, and P. amend etc, as well as the provenances of some species, and
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collected their seeds as experimental materials, so the experiments allowing comparisons between

different species of the same genus were superior to the previous ones, which focused only on a

single species. Second, the whole process of the experiment, from seed collecting, treatment and

store to investigation, measurement and analysis of every indicator, was based on the application of
scientific knowledge in forestry, thus eliminating the effects of different qualities of experimental
materials on the traits of dormancy and enhancing the accuracy and reliability of the experimental
data, which was intended to overcome the drawbacks of ignoring the basic theories of forestry in
some of the early researches. Third, the research was conducted strictly in accordance with the
uniformed procedure, and at the same time the major and minor tree species were treated
distinctively to meet the special needs of the research of certain species. Fourth, in view of the
effects of the geographical origin on the characteristics of morphology, growth, reproduction and the
traits of dormancy of seeds, the seeds of major species were collected in different sites and time from
specific seed trees to explore the regularity of heredity and variations resulting from the geographical

- environmental factors. Finally, based on the existing scientific achievements and advanced

technology, by adopting various ways of seed treatment, the promising methods were selected for

further investigation in order to study the theories in seed dormancy termination, develop new
technology of stimulating germination and improve the conventional technology in this field.

The research has the following results:

1. Discovered the causes of dormancy of tl;e experimented seeds through measuring and analyzing
the structure and permeability of outer skin of seeds, the development of the embryo, and the
content of endogenous hormones etc. and based on the above discovery classified the types of
dormancy .

2. Revealed the mechanism of breaking dormancy through rebuilding and restoring the system of cell
membrane by means of hydration which has reached a centain rate; analyzing the content change
of endogenous hormones and their interactions; and breaking the original balance of the
hormones, improving permeability of seed skin, strengthening the activeness of hydrolase and
activating enzyme systems related to metabolism.

3. Determined the suitable conditions for germination and developed effective stimulating
germination technology of the experimented seeds through utilizing standard water temperature for
seed immersion, controlling illumination and temperature, and subjecting the seeds to chemical
treatment . Progress has also been made in the development of stimulating germination methods
and technology on the seeds of some species characterized with deep dormancy.

In addition to the papers on dommancy of pine seeds and geographical variations, this
publication also includes selectively a few treatise on other topics of pine genus in consideration of
the scarcity of the literature in those fields, which may be used as reference by the interested
researchers .

The research received invaluable help from many organizations and people. First, we would
like to express our gratitude to the following organizations: Maoershan Forest Farm and Liangshui

Forest Farm of Northeast Forestry University, Daxinganlin Tree Seed Center in Heilongjiang
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Province, Liaoning Research Institute of Forest Management, Shanxi Forestry Research Institute,
Forestry Bureaus in Luliang and Jinzhong Districts, Taihang Forest Management Bureau, Forestry
Bureaus in Heshun and Pu Counties, Forestry Bureau in Lantian County of Shanxi Province, the
Tree Seed Center attached to the Forestry Department of Gansu Province, Yushu and Zuojia Forest
Farm of Xiaclongshan Forestry Experimental Bureau, the Tree Seed Center attached to the Forestry
Department of Shandon Province, Yingde Seedling Farm in Guangdong Province, Hongling Seed
Orchard in Tai Mountain, the Forestry Academic Institute of China, Beijing Municipal Forestry
Bureau, Shisanling Forestry Farm and Beijing Forestry University .

Thanks are also due to all those who helped. Among them are: Ding Baoyong, Zhang
Yandong, Cheng Yongmi, Xu Yingbao, Tan Hongchao, Yao Xiulin, Yang Deji, Jiang Zhirong,
Zhang Fang, An Genfa, Li Zhaoxiang, Yao Xishun, Wang Wenzhi, Yu Zhimin, Zhang Yanda,
Wang Shasheng, Gao Rongfu, Li Fenglan, Wang Ruigin, Jiang Xiangning, Zheng Caixia, Sun
Shixuan, Song Tingmao, and Wang Jianzhong.

We consider the publication of this collection our responsibility and would appreciate both

suggestions and criticism from our readers for its improvement .
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REEREDEMA EEBEHKNSERRF, MEEEK TRPIILPFHRERLE
HLETIRA FEFHIRPEFAEARRENKIRSE. Bt T8 T HRRERER
BEAHETE LEPHBEAES, SR TADEANEE NS, k> REaER
TRPERXEHENBBRMBRHFRIRKER. BRIANBTRAETS A R —WRF R
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1.1 BN FRBSHRESEATRHERE

P, AR FRAEERENTEREAERFORESPHE KR, HFHRIRSHE
FRE MR TASEATE 2 ET EERBEE, IMES PELYHAEF RV T EH
. FERAAERHRERN, BRI VEHEKR; B —FERTERAFREMEN,HA
FoR AT B8 & BT LT BB A R, T BA AL F AR RAE XA SRR R A RIR . B W BT
AR FIRIR R BKIR, ERAEXTELE, Viliers(1972) & SR IR & g1 F F N4
A0 5 o B F-5 R 9 A A

FFRREEHAREENER IHYERZERATABPEBANKAARFRE
HHERNE., -BAIS HFRFOERSECRBLSITNARFHAENXR, MERR
ZBHOPHHE HF—RAASHAENRE METEAATHEBINBRE , fTa
EFREES - ENRERSARBH L. HFROKBRFEELSESED M ENER EERM
HAEEFBROER, B A B Rtb B Rl A Hk— W EEMAE, Bilt, FRHK
ARFHFREMER LBEAEFER ARG EMTERYHRAFEENE L,

EFELURIFEEENR FRIRFEHT T RENMRE FHTREFENSER, B
TARLHBEMN L., P7E 20 H42 30 £, H A& A Tozawa 13 E A Barton & Crober 3 X}
LR P. koraiensis ) ¥ F IR IR 8 R EIAE AT T O 50 REEE — R Z T 20 42 80 &
ROFRTAMPHTFRIRERERBIMFPEHLR , KBEFTARNFHTERERHET
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THV  ZEREEN HEM (P bungeana )M FEF IR HAMBEERHIT IR, MA%
W HE R TR GBI NEIAHE TR FRIGENRIUAR(P. armandi ) FhF
REIERIEE R W T IR FFERIFF T WAL (P tabulaeformis ) F T &L B
BB R AR ARl KL E A T 4 (P sylvestris var. mongolica ) 78 F 10 & th # 47 T o
F:BFREEI (P, yunnanensis) W IS AEBMORHTFPHERS R
SRBEHEANLRETTHR.
1.1.1 MFHRERE

SIRMTFRENERRBE, KEETHANFHERR HFELFREABFATYRE
EINHE.
1.1.1.1 Fhppeeg

B B8 S BOR TRIR A E B 3 A E, IR AR B K R B
L HAER .

KWL R D F AR F R RIREE SRR A B EEEE X, —&BRE
R A SRR R AT RE R b TR R M AR S R B, B AR R R R BO K SR
VR BV ROE MG RHE Y MBS R R KB F . A IE B AEOR T R R R A 3R O R
FEYW,RREMSEE ST LM FRIR; B & —FRRR RN, LR an
FFAHMSRE M RE, BB LMFTRKIESIMEMBER EENXR. 112N
o L1 W R T4 BEG £ 2 B2 D6 PR T R A ek A0 L B R A R A 2 i R A5 3R Bl
St 41 H b B K HE OB ST A S, S B R R F R K B BE B AE R T R AKIR B9 E BRI %
R R FROBT R R, HENIRARRMH FRFRNEERA ;A EFHFXTE
BURH T PR BR A R A BT 9 S O, 3L R B AR B %o R R A R S8 AR ) BEL B 45 PR B ke b R Y K
Py Em HLBR 1 SR B B R TRIRA EERE, R 8L RAG AR ENRE AR
R FHEAT T30, A0 SURh B R TR A K 2 R 5 R P MRS i SR o o B S O 4 R
BETHR AAAMEREAESERENER, R —HERHFTFREAT 714,45
S U K BB L DA 03X — o R AG K R T OR 55 85 R AR s UM SR B T BT AT R
B, HF B, ARE R IR AR, BLIE KA SRR EA R AR 5
— AN A R AR A RO S A R R, HAM R B K B KRR TR A
HBKMEW ., BRSNS i 2 B A AFIIRS E R MRS 8 il
ot L1 B b F R ) 0 S oL B OB R MR T AR R A AR E R R, T E A5 E
AR BT FHRAIBAFHFORER, ANVAMAREE-ERE LRBAIH
HALEAEKESHERNESBHREN T EFRE; EXESHHRIER ARHTHHE
5 AR B ST X.

AT R, 4 K E A B ST A B B B RS R I SRR R R TR AR BB
AR, WA PR RS RREEROSEE. ZRT SERIE FRFEAEX
A RIFE SR F AR R RRE R EHEEREURHFEENFHRRF R,

REBR ‘&R%ﬁi%%‘%ﬁ&d&&’bﬂ*ﬁ\ﬁﬂiﬁbﬁ‘&%&tﬂf%ﬁﬁi‘#?m%ﬁ
S HNTEE— S HIBERESHTRRMER, BN ESEHSEENRRA
Fo BT E@ETIIRE , B R RSN B A TR , AR/ T HEP R 3, IR R, T P R



1.0 RRAARFABRHEAEFEAFARLR -3

AEEWEARARN  MRAR LRA 13 BB — T2 ERN K, i TR Xl
EHEEHEREYELNMEEBERN, XITENERE THENEAHSAHRA KRN
SRR AN A g, GHRBE b AP R T L A O ] 2 A A ) BB UIR P R R R s
RSl ERANEI R, ERA FHARBTENGERERERENYNEYE
o EXFHESHFHEOERILEDASTFEA. B, hiE— S BRFHESKERY
RR,MEEM M EEHOER.

oA, T E MR AP R R SRR 2 R 38 B8 ROA R R R R R#h BRI AR
FOMREER -FHAARMBEHRRTHRESF T (R 2 E)IE S MREEMAK
BEENASESERLEME WENER L, MR ENFE #ETRHNERLLER
YR THRREZFES BRATREEN LR, BT AR Y 0 R/ fEd—
BXHEATR, MFEREE X AR LR FORFIERARBECGLES R)#
TTHR. SREVAERIANTAFAMBER TN TREFOFESELER KKK
EHHEBAE., THARTHAERAMNFRERE, LRERBEEMHER FHEERR
KA, X6 MEIMRFHBRAHRERERYN, ENZEAFEF MR X/NKIRER
FHEMER, Mc. Wiliams AN, WM FEERMFFRIRIGZRNBIIENBEBRRNTE
WY A ER TR RFEFNEREE THNA#AETER., MNEAKTFERER
RiFFFREm TR ERARREEE, Morley Rl Cook tHIBHH THFHKERSAHR XK
RERHELME R,
1.1.1.2 HEEFRR

HEEYHOFHT R BB ASHNERS REUSANESIBE XD SRR,
EFENTAEILRKHRTREFESETARARN MR BEE K, ERRAE
BERAFREEN L. RAFATZ2AFEED AZH EEMSHYTHTL KB
(Grushvsiky, 1961) , Ef | EMBAE BT REZAWRAEH RN . X IBREMH FREGE
ZEEEREALREI~-4NMANRBRER. EAMNHYE LEMKER, 2ES - £ 8
B9 L B TR KR

KTFHBERTFRESHFRROXREA —LHARE, ZEHSUAD, HERT
RBEL)E REI~0NMAABELHR  RATHFEI~-S AETHEREK, — &
HAERERKCEREEY, GEYBKNENCEERE, A ERATERE, KYBR
FIARZEKR FURERTFARHRREANERN KRR HEREHELHH
FERM,FTRRMERREZERS R, RUFTHLETRERSESHBR. 2441
ARBUE AR AT R BFNAEER, FaZ2EKERERER. BEHN
AR KON ERERTREERS, IRBERSMEEGH, THBEFLLRHFHRIR,
FREFEOFRAD AR FRBREIENFRERERZRESRAMAR R, M
BN IEBEFUBROTIR R, LMRETR R G RRME, AR AR ER KRR,

A RELMBELZTRESHRROXREZE L HARENBHNOERIRAR, 2
U@ B ARMEE, RITUCATRN SRR H % KR REH X, T H oK R A H
BOHEEMRR, F IR SRFET @ (7R F X BB E MR SRF T 2 250 AT 83
MEHE, AAERXEERBREARNART , A A TRERA RIS R, FW,
ERLUL B I R BORBL 5 FRIRE X R o
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1.1.1.3 HAEHLZDEY

HEHRBERERAARN DY F I HFEELEOWAEFOYE, IFNRE R
JER 3L 0 B o 485 0t 3 ) R 40 B 4 3K ( Evenari, 1949) . MM A AR E HFREENR
BEMAMZE, W FEHFLEHBRONHR KGEMAFEFRE) MALBBYE, LU
RS H (MRS, LS MO8 FERENAENNRETER
CEAGENEE 27000

REMEHRFHENYHERBFH BN, B F R ERHEZMH YT RD LR
BhyE ABA b, Hrh BB AHHE 2 — 2 Bk B ob 9 — R o 0 R 60 BF 5T, JE B 1R R
FERBRR S BLSEWMEAG, T 5458 5k i X Fh 5 g BB R 7 i BB BB &
3% 3|3 % ( Lipe, Crane, 1966), Sondheimer % (1968) % F 43 Jt. i Ik S5 3% 36 M A ¥ % 7
ABA M SEMER, BUKIER FE I THAABEMIE , ABA XBTHT 68%, ABA
HERAKFEESFRIBN QSR THSBHEENRE, EUBERKIER, T ABAZRS
ﬁ-ﬁ‘ﬂﬁﬁﬁlﬁ!%ﬁﬁ*%ﬁﬁ%ﬂﬂﬁﬂ&%@Eﬁ(Scmeleheimerier,et al ,1968) .3
5 (Rudnleki, 1969) .8k ( Martin, et ol ,1969) Ji 8 (Webb, et al,1973) £ ¥B % W S XF 7K il H0
MESRBEAEMHOTREN, T ABA SEMEAKRBEFUMX. REEN
EXEHHARA, ERBE FIESERME, BOE KNS LE ABA TR KFERH
HAXE., TRENTFREN, THEMAMFHBERPSHELEMY ABA HAHHERY
B, ARSI EREMERFEZ —. '

L7 20 42 60 AEARH) KRR SHE L AR MH TP AN RO FRER EK
EESMEERNYE., TXEHORMFRNGIRAETHRR SRANEETERE
B, T EMEYR ABA, LA BRSH TFHRBRBHRAFREOMXR. L5 BEAFMET
LTHAFRF AR ABA (958 IEW FRFNFh ABA S BB, ZBUSIE P M ABA &
B R RS R R et BT TR AN MM FRIRME Y ABAR TRSH A
SR, Y ABA SR TR —BER,FHFETH A, BREND, CRELRMAF
K o S BURIR I E BRI YR ABA, T iBLE — F S 5003 26 W E 2 2 BURIUK ¥t B £0 1 7
Frafy ABA A, B MG ABA A EMKBIAIEM KT, BREBHRHFE
PLEE % T K B B0 FARBRAR S AR B FIPKER 5 ABA REEXR. NS
SMIR ABA 4t B KRR A BFITIE B, ABA S MM FRKREEEXR R,

AT W, , ABA Xt FAKIR RAFET LEMAE RN, XFHERTHBEREEN, LT ER
EHEH . RN ABA NS BREESHTREHRARY —HEENERXR BRER
DU ST B . TG S T 2 L e 2 0 9 20 o0 A R R 400 o 400 S 9 SR A R BRI A A, Y
MAHEENER, BEBAEEZHTRERY HABRIANERLEH ABA FARN
%% (H ABA HARMHREABHTHANTIEYHE, CARMGEHNHNDETRS
ABA B2 UM . DR, 8 R T RO IR R SR MBI B T (R ABA) BrRME A Y
H®HR,

WA L EER & KRMAYFEERENT 8 AT, €38
i 4 B B 5 B O AR B . BR ABA A1, 7K s DR T o B A 4 S iy P e Rt LA
MR AOER, XEREESHY FERER TR FREHROAF.

5 ZHRT , MR TR R & ¥ 0 RE, ARG FHH YR FE, T HER



Il RERARFAREHAEFRATRAR -5

RTFHREHYFEOEN KL, EXFE, EEEE Khan B3 TRBER SEHFEH,
MHBREN®ES, AN BARSEZ A HE A 0ER.

B2 ERRBBMFABEE ST, B TS SREATESE MY E, 5N
T3 % Feh Bz 45 #9 7 T O BF 3
1.1.2 #FREEHN B

FEBF R R FIRIR IR E A F AT, H 01— B 7E 3R 5 2R R 2 Pl 8 7 8RR
MR, ELBREMAPIRAMEE BETHFLRIE, MEEAEER QBRGNS 4K
BRI RERARTAEREY S, LB FRROVEETHR.
1.1.2.1 #ERE

WEAREEEIFHTRIR ARESMEMLEREEKTFHXRR AAEZHERA
BERFAARR. BTFAHY BN NRER(ABA), B THEAREYANHMFER(CA),
A RECTOMZE, ERX-RA KRS ERRFRNHYEANFERRIR
B, RATENBRERE MY P — & B E, AW &Rk Y % 2 50 06 9 Bt 4R A
RE1S BIMR R

Luckwiu(1952) 7E Xt 3 S #0 FBF 5L /5 , & J6 4R tH PO 830 M 7R) 100 2 4 35 ) & b TR IR A9
B, IMHERAHMAYEXLERNIF, RHMODIEER, # 1 &K 1 &R
FRAKIRA X, TR ER OB S ERIRFIRAHEL . Amen(1968,1971)INN , A4 % |
7% B T AN HI R R EAE R FRIR B 2 SOV BT7E . Khan 42 4 MK IR R o, HEW
FEREHFRPEFTEEA MARIRNEANEHANEETR“FHF" M EHB"MER. B
f, AEROBETHELBEAR RN EERN RERE REFEH LS HAKS N
RURBHEMEER, ITEANITRRARS B ENMHRNEERESHNABEEN
EALRAXEEH. XREABHTAEREEFRETHAN K SN,

— B RN LRERY B RENEYR TR R b T B 5 5 05502 2,
FAlE ABA. EHRXHNMBEEFAERAR I REFREE NRE KX HFHRBF TR
BEHRBMFE., —MAEE BRI ABA %S MKIR , 552 2 K3 (Khan, Waters,
1969) . #A 1M 75 K Z HCR P, 24 40 i 4 34 F 0 [F] B AE AE B, o B 3 BB 5T 2 50 5% 10 o M1 3R
FRRHR (Thomes, et al ,1975) . HJ RIXH R, A A NERE TR R F 4 ABA
BMHER NEFABRMNBRZTEHRAHZMNRHIE T BRZBUTRSHE X
(Karssen, 1976b) .

ATHRAIBRESHFHEAERNH, Buows(1975) IV EHEHMTHEEE I/ TE
K ENEEKF EaEH BEKE ENERMEAENEEARY ., HIrEE0amn
53 R i A TR A 41 47 40 B 74 33 44 (Eostwood , Laidman , 1969 ; Penot , Hourmant, 1974)
HEFEZIEREV AR BERETREENKE,

KFABEERTHRPOEREFEL — 14 — 1B % (Amen, 1968; Galston,
Davies,1968) , B Ff A 8 GA R R WA F, EHALIBHNE M B R CA BRNBER
HEREREMMEAMY EEM . Jones(1972) K th ,GA, b ER K F BN T HALAM R
ARMAMRITBRRABMOEE.

X F ABA ZEFD FAKIR A A9 FE FAULA , Dure(1975) %A 2 , H AL P X — st B 8 5% By B



