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1 FEEHE

1.1 WMRESR
BRRXATRMEREMLKEE  TELL
dbaydb £ 70 76 0 B ik 4 W B, 8 3R 500 ~ 1 200
m, A% E 700 m, BETRR 1A EBLA 88.07%, &
BN E— SR M ST X i, ZXRR
B HT  BATRK, LRKE R TE
Bk , My 38 TR, IR b IS AT B
B EBOE L X AR ERR TR, LR K, 1 &
WHEEE;>10 CRIEG6 542 T 4EH KR 100
mm, X TR E A HARY,5~10 HREE S
LLELSMTERMN 83%; SBREHNR DB, IR 850
m T AR TR TRTASE,900 m UL ENF

ERAFRESE
1.2 WRFTE
1.2.1 HEYERHe

BAAESRANE BIFLE LRAHE, LY
I, NREMETERTER. RPEENE
BHEYMHATBAESRENEREBRAAEEREN
YEF. SoeEmFh R A TE N TR 0 R (BRI B M
ROELE HER). EHRhXe&EEY Z15EMN
ARERBRAEAR, ZEAREWMTNAT WREES
BARTAEEESRPOHEY . SFHEYEETR
KB RIESR, R T BAF, SEALALIRE R 491,

FEXT EL L R SR R A AR SO A 46 L e B
REMHEBHTIEAE, SR ER SRR
b o fgEew iR AR AA KA
{8, XRBHR A LR CEEYI(FR 1),

£1 ISR R 10 FoRamER
Table 1 Summary of 10 species of pioneers in Huajiang karst gorge

Fh ER i peyiid Leliopagi] AR
FHH (Toona sinensis) HHFRA FAER
(B ?N fera) F A T N AP TE EAR | IIRAEIR 850 m AT A AKX, BEE ¥R T
i ’”{‘:’j}” il AR, LERMARE S HERLWEX, mEA
TUz1Em BT B TR bR 1 LT, SR B R
(Zanthoxylum planispinum KA BAR B UK
var. dingtanensis )
E A (Lonicera japonica) E- Ay ko kBN HAR
HIR (Robinia pseudaacacia ) HorTR A FARRE TITRANIRY 900 m UL R ERESBR, EHY
BEM (Trifolium repens) | SF4NBEAE kR BELHIH A, TR B GBI SRR,
Rl =M EEF, L 0. 2L, L BEHTE
K=K (Astragalus sinicus) EEENPRER - ¥. N B+ ERT, aTF S TANASENE, R
S8 (Stellaria media) 1~2 & A pEIE A BAR RAGRR, BEERRROTEN
A '
(ndi . oAk AR ISR 900 m BA B AP B SBE R, AR ER
igofera esquirolii )
b4 i - ep N h i
KW Pyracantha fortuneana) HiRHEAR AR

1.2.2 WEBHERRERLE

1. WERFRIRRAWREKE, BRAEH
BEAETEFAVHRIBMEMIT, EXRE
BANRERMB 2N, FHRTREUT 5 KBE
R BHEAMERRRSE: ORRE—REX
MR RSN SFER TR RFRHEN. ©
ARE—RP A RER B BRSH S5 R
EERERNERTH. OBRE—MREAT

MR SRRRT DRSS TR EE, —&
ik, E— AR P F SRR R B IERX
AP EAEENE BRTRERRBR K
IMERNFERR R R KR, QM E—E AR
LR, MRE LA T HREDHERAA
MTBRRBE, R4 INR ERIRE,
i, B RGP R HEBR S BT 04845, RA A
FEM MR A RRIRB RN TR Bk, #47
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SHZHEERFR AR, HIREERE
KEg— 345, R AT RIS, OHMEHE
AR A T WA ] ot AR IRIR B A AT
gt , —dextnt IR —ENE B 3
SR AR, W5 B A B RN,

2. IR B, ELERBEMAMGTHENERT,
xR [l X AR BRI 5K R, #l
EHAFS X 17 FRAAERIGER, BAERIRRL
% 2,

1.2.3 LB HB

MNEFEEMY BRI HH(ERKRE—BH)S
Bk E&ERTE 12 s BFYEEY A
FAA B EWEE, A TFa%H . asdh RRE
v, BNE 2R B2k B B
YA G, T Bk, 2 Fa—BSEg, 2585
K BHEAE, B AMeEREHE. BRsER
Mgt SR REWM TR, kB A%
TR HATRRIRE .. W PR TAEERE
B REMERBE MEAAMERMEE, R
HAMBE FREZH MERRRARE, LA
MBRKFEEES, SURGEEZNE 10 K, BRH
FHME.

1.2.4 SHhd:

i H RS IR A dr L e R R L R
MIRRE R RASGA N 8, MAE ST
FAH(PCA) 5HH| BF447, 424 B T
HETM FTRHERNESE,FIAH Jhon A, RIFELAR,
P& B (1617 gy v B2 M 6 3K 44 (SPSS) T E ML
L.

2 ZRE5HMT

2.1 HMRE&EHHEFHIERATR

10 Fpse&HEY - h YR A MRS Ee, Bt
FEBAERNEFABRKER, MULERIE 2.
BAESHWTF .
2.1.1 fRE

£ 52 A9 L 00 R B T i X SR SR ok 2
IR & 8958 RDRBL , 7E 10 Fh G kM e 8k
ShEL MMV ANRGEW., AGEETREE
BRAM—MER IR ETARZEEE, b f
THFECH 89.4%, TAREHNERZE N 90%,

TRARERBENR AR (5.97 um), BN RHER
(0.3 pm) , FKMHE 20 5, TARREEMEK
B(3.3 pym) , BRI FFIER (0.4 pm), XK
SN ETREBSEEREM(LFEKE 6.4 pm, T3
5.9 um)o
2.1.2 K

MERYITER, | FRERNEZHMBAR,
HRBEST B EREREA/N E—
B, NBEAEMZL, FONKNAE, ZRIBK,
ANFAR , BEA TR B IR A0 3R B 4B B 1 51 2 4 B
SR, XA A A R R XK 6 5 838 B
(Putz, Moonry,1991) , [FlBt A Y B =M K XK
MEXN F REMRORREEmSYE, RS
SHE T FEWEN. FRENTEYEER 17.5
pm, BB RTUEEM (31.6 um), Bl AR K B
(5.12 um); EERBREAGHN CEHEHYRINTR
PEEER 41.1%, TREMABRHIES KMEERE
RN 35 BERREY EEFE—FER; T
FEBESLEMMEN 4.7 pm SR =MH 14.9
pm Z 8, R IERE R 47.2%

—E W KRR R BOGHE, INFE R K
B.EER A= 5% AEHERE B —
B b R R T RESHREE (AR .24,
M FREZEHEREE, X RERXT IR G A H A+
AT RESIIREN,

2.1.3 MH

MR R ER RS, ARES.
¥ B AR L R A A S R A S LB F AR
GV R¥FERAER . HPMEa5 4
WEH1~2 BA% MEHRMBEETE 27.3
~70.8 um [, E3H R 46.9 ym, & F & E A
28.8% , B KAz 2.6 . MIRAMRAES, B/R
HEBAMENR, KEAEKFE, ML FTE, g%
(B /3R 2.1), BlE /R 485 (7.9 1) TR
N, MREARNESERII N SENSHE,
e LIRS L MmN EE, AR T
SRICTSE S BT, Beih o X A4 TR g 18,

BRHLRE 10 FASEY T RERMER, H
BRI RIEREN 54.4% , N 9.4 um BIHIR B TH
IRTERI 70.8 pm, BLKMZE 7.5 7%, BHASH
MRS HEFI R FAR B B KNS EARRIE Y R A
BRKER,
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MR H YA B B, AR e
AL EE AR RE AT SR /)L
ZAANERMREWBDEAERBRER, £KT7
FAFRAEKERMR T R L&Y, Kot g
HEHASBRARY; 0. TUEEMREA R LML
A, Rt LA RXERAS, AR RA R
B AR, ARRAREARLE, TR E
HEUWER B U R AR AR RN BB
S A RIIRBA R, X E R BT HYIX LR
KEFATRORE, HERRENTXHER
WMEASERAS R NERFTEPERBANH
IR, 2 B AR 35 83.3% , A B &89 0.5 Bl#gH
3.8,

2.1.4 bk

kL R et B E R AR IR B R K
M—ER, PR EE S ER TN ELL 179.3
pm BIEWHEH 733 pm, HE 4 15, EREHCH 49%,

AP ETA S Y BB R ATt E,
HESFEFH K NRREYEA —ENER, KB
RIFBHIAE, FEERBRKYRFE(32 um).
B/PHREZ, N 8.2 pm,

LR, M RN RRE, MBS R
FEARML IR LGN cEEYESTER X
AL, BHERA TR E R ; K P mER KN
RABEEE, ERRBCN 90% , KRB AR
JRLBE A4 SURBE (83.3% ) FIHIEE RIRE B S 4
HHRZE(83%), BB/ R AREEME
MR, R FRBFIRE 28.8% M 22.4% . {HE
AR AERBATE B N 3 R0 B I — 3, I FF
AP EUBRKOEBRANBEE(ERREN
73.2%) , AR EMEARZHR SR AREHR(ER
FEAN63.6%), TREBENEAXSBEERNE
AR/, M 41 21 R BE A5 40 40 4 R JE A4 L {8
EARFAERKIEYE T ABRARF, b
AR FNEAE AR LA B/, T A 8] B2 AR Ko

MR AR BENTH R REEERL, FER
Fizb, XEEHFERAHNARBZE, LM
EARARNESHERELFE,

AR SILBENSFEANEREWK
NRBRT SRR FTEEWER. BXE
FHREASHY POARF, BAMHER 4 4%, NF
BHBRAIEERN 32 um, TELRAH 8.2 um,

Weoh , AWM B RIS , R Y

WERAEBREHRATHA, XEXHEYHHE
2 ¥R (Tennin) MR BUARTE , R AR AT FF & A8
By, AR BRI BUE , AR E R NE
T ERE T — B K,
2.2 HABARBERTFIH
2.2.1 PCAOHER

Stk R RIS 17 DM EREST B AT, ]
T4 MEFRIUEBRAARAES, RIHEER
Bi%87.3%, MM 4 M ERAENFHE/REF
R S NI, IRIBX SRR
EXATLATE Y 4 D ERASEEE X Y1 KBt Pt
EARSHERAFWFE, TERIAYXT R
BEME DL ;Y2 BBt R BT AHAE R BE R M R AR
BE,FERRHY X R E s SIFERE N ; Y3
Rt KRBT, TERTHY KT EE;
Y4 FBH R S ASURE, FE XY X R AT
BHE

FRF(FEFRN)1.2 5 BR(FTRE) 25K
39.9% M 25.7% , LLXF AN E FRIEIFHIT RS,
FRME 1, XEhEpH ABEAR 5 BRANM
FRHE , T ERIAYIE RGBSR ; Y B mert
A RERFE JRE B M AR, T ERIHEY T
FHREESIFEAEN, HEREER . —HKO.F
B2 R 3 ) R4 B EAE;8.B=MH;
9. K210 8 =) ; = (5 K8 ; U (6. . BURTE
W7 2%)e MU EREERFELF B EEEM
Y RIS R L E R, Y KPR
A FATE R Y H X R EX T IS E s Y
Fn, REHEFASEAEZRAL, MEAN T
FZE, B 5REAEY R B, Kb E R
VBREABREZSEAY A= KX KZKER
—%,
2.2.2 HFEIXF

TR 4 3 B F R B AR LM, BRAR R K2
HARENEHF 1 SEBREFENERTF 2.
ERBHFHARTENERF 4 UR SR BAE
BAHER ERTF 3 Z a9 ek, 16 B ui sl
VERTFESHXE(E 2), B A @ fl s w
ESREZ B X R, X BB R &
SR RS N, i E R E AR BRAS B
WY RhNSE A R WO Bk IR AR B S
28R TRRCHREREMH AN, BEBERREAS .
¥ 40 4HL 2 OB A2 4 B S 3 v R P 2R BT 4
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Fig.1 Factor taxis analysis of leaf anatomical characteristics

aon
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0

L X7
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i‘o W CGERSHD

»

* HREAR (XA
HE (XD

* @  prioy

* & o~

o MR GRS
2 ; B RS

2.0 -1.5 -1.0 -5 0.0 .5 1.0 1.5

HEA"1~10 RAH L TAREEENRR, R K RA41E
B % "1~10 FRH FALEMFBELERE , bkt R
BEER 0071~ 10 RBERE M 1R R AR 23 a0 Ak x il
NESIHREAROEHE,

2 ENEYHARTRCENEETERAXH
Fig.2 Tactor overlap correlation analysis of leaf anatomical characteristics

RBE, SRBKAABBEN E . TARERES
TRPRRIMRICHE . ANFRY(3) RILE MBI T4
BT RERY s KR (S) B TR T RSB E R

3 &gt

3.1 HABESENTRYE

TERN Sese It R BRI p, Bk %
(2001) X 7L R 2 LB SRR AR BE AR P10 A OB
R IEARNRRRARLREEHEER, HER
REB>50% BN N RAETENIER, MERRH
BOMBRMEMBENRAEEER. HRHTN

10 BT L K oY, R A AR AR A
RABE, F TAREER  MEHRTEE MM
ERGRARERENTERREE KX, >50%,
BHRZEXI O%(THAREER), RABHESN
BRI L FTREBEEAS AITEERTHE
RERYAR 30%, RENBRENREEEER,
Y R RYAERIMERTE R R AR T B AR A A] R I
—ENER,BRFI LR, RFHEYIAMRE
HYkEOEEER, B/ TFRHEER,

3.2 MRABESERE

R YIS K 43 54 09 18 B SR AR 8172 7, Esau
(1977)19) 45 1 AT B #4901 4 O B A (Xero-
phytes) . # 4 ( Mesophytes ) #17K A ( Hydrophytes ) 3
KPR,

BEMHEWEN CEENER B 10 Fit
YR 325, 00 1 BRAE SR FHAE 2SR, anii i |
KB A=, FAE M AR RE, BHA
DHES R % AR RN, AR BRENAKRER KRS
WREE, LEN TROERRBRAER; 1M
R RR INER TUEER BEARE 2L .8
SRS M HEIAHEIEN RGN, TR 1EH
EHRHET S, RE B/, MR gREER, B
BRREE, BEHHAHRN, BEBRA; 11: WA
At AR I A RSN EHE R RS,
MURIBR K, AR R A, RO B EE S, BN
FESHEHR,

A K RALE Y R RFEH R R — B
EAL, INFEEERFIRABHEEHY, EF LG R
S, 41 BRSO T2 B 3% Bz 40 B 0 Bl 18] Bt B K B 4R
SHSERRAE , S L X TR AR AR AR X R R ELSR T
FIBEA /MY B (IR, B R
YR RIS AR FHES R B AR, Rk
HXHEERMTRIAEREN , X SHEA K FHFARLE
BHIARMEERN ., R, A= B E2% 3
BAMM B REARB R RE, BIEER,BH
REREWHS TR, X 3 FPEAMENK
W,

S THER—ZR WHEYEEN R RARY
IR —ENERE, MEKTFERE
WEESA=Y, A=HEFRENARE KEE
RN 40, B R R LB R B T R T
KEERBAARE, BEEERAHN S ER
BREFRZ, RO RE, CRENELIFEE
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o WTF—EHERNRY, RREDE L — L
PO, B A R B R ES,

BTFHERRREFREY, A RKANET RS
R BRAR A RO, LB DL AT B — A
AR TT R B AT, R X s R W W 2EY)
EREPHAH, XSRS BRAN—Eh
BB —E, MEARAZERE R AN,
HERRL P4 BATETHEN TR ERR R
D A A R A SRA RSN, &
HTFARTERIFFEMAEK  EARZ MR ZLHFH
R G R L R A R R HES R A=A
A, KO, R RIS 556 H
PR 2 2K 1 40 2 R B IRD B SR R, BB T 7 5K
MRENE. AR L S YNE R T AR S
o

WES e Y RIS BT R L R
BRI B, SRR S T 3t
FYEAT . AL BRNEF AR LB &%
YA B TIEB S TR B8 PR G 5 1
ABASIBNNEESS, EMY SNBSS
R R R R HNBLFE R
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Leaf Anatomical Characters and Its Ecological Adaptation
of the Pioneer Species in the Karst Mountain Area
——With a Special Reference to the Huajiang Canyon of Guizhou

RONG Li!*2, WANG Shijie! ,LIU Ning?, YANG Long?
(1. National Key Laboratory of Environmatal Geochemitry, Geochemistry Institute of Chinese Academy of Science,
Guiyang, Guizhou 550002, China; 2. Geogrophy and Biology Science School of Guizhou Normal University,
Guiyang , Guizhou 550001, China)

Abstract: The authors choose some volunteer plants with some economic values in Huajiang Canyon with a typi-
cal degraded vegetation area in southwest Guizhou. The ecological adaptations and leaf characters of 10 species of
pioneer plant (belong to 6 families) were studied in Huajiang gorge, Guizhou Province. Combining the methods
of mathematical statistics with biological sectioning technology. The results are as follows: despite the meso-
phyte leaf form of the ten pioneer species there were significant differences in leaf anatomical characters among
them and some differences among different plants of an individual. These differences are mainly controlled by
genetic factors, but environmental factors (mainly light and water or humidity) also had an important influence
on them and these may oppose forms required in living methods. Based on leaf adaptive characters the 10 species
may be divided into 3 adaptive kinds: sun-adapted taxa or xerophytes ( Broussonetia papyrifera, Pyracantha
Sfortuneana, Robinia pseudoacacia, Trifolium repens ); mesophytes ( Toona sinensis, Zanthoxylum
planispinum var. dingtanensis, Indigofera esquirolii, Lonicera japonica, Astragalus sinicus); and shade-
adapted taxa (Stellaria media).

Key words: karst; pioneers; leaf anatomical characters; ecological adaptation
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