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BRI T R SR R B R R B & R MR 5%

Koo, & A&, X%, T

Qe Kz m Rk 22 Be,  IivailEY 0410000

B OB RHE 00 RO, RIS TE, AHILVERB MY (Ulmus lamellosa) 6 4
FAREBE 150 MM 14 DNRBIARIAT 2R 0T SRR (1D WA 14 DRARAE
TR PR B ) 2y 5 A 2 e 5 2 5, AN BER R RAFE R AR S () BTk, %
BEAMEDT . A A 4 ANESTERRINEE R R (CV) 004 15.425%. 23.731%- 25.446%F1 45.168%,
W KPR AR AR A 52 e v, AR TEIRAS S PR A (3D JRBF ) R AL 40 A R EU Vsr BME N 28.104%, 1
TNT RN (71.896%) , JEBEANAS SR L F B0 SRR (4) R M J e A 5 S A R b
FERAPE, BEAELRREMIE N, i, R R R A S B R S (5 R R R R R
BSHHMTRIONT, ¥ 6 AN RESY b 3 KK

KB Wih: RAZHEME KRR
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Phenotypic Diversity of Leaves Morphologic Characteristics of Ulmus
lamellosa Natural Populations in Shanxi

ZHENG Xin, MENG Chao, JI Zhi-feng, and WANG Yi-ling’
(College of Life Science, Shanxi Normal University, Linfen, Shanxi 041000, China)

Abstract: The method of the nested analysis, principal component analysis, cluster analysis and other
statistical methods were adopted to reveal the pattern and degree of morphological variation of 14 leaves
phenotypic characters from 150 individuals of 6 Ulmus lamellosa natural populations. The results showed:

(1) All the 14 phenotypic characters showed a significant or very significant differentiation within and
among populations, indicating there is a wealth of variation. (2) The coefficient of variation CV of 4
morphological indexes(vein, tooth of the widest part, blade and petiole Jwere 15.425%, 23.731%, 25.446%
and 45.168% respectively. The stability of leaf veins was the highest, while the leaf petiole was the lowest.

(3) The mean phenotypic differentiation coefficient Vst among populations was 28.104%, far less than
that of within populations (71.896% ), which indicated that the variation mainly occurred within
populations. (4) The phenotypic characters of Ulmus lamellosa showed gradient regularity. The leaves,
petiole width and leaf thickness became smaller gradually with the increase of latitude. (5) The 6
populations of Ulmus lamellosa gathtered into 3 clustes based on Euclidean distance.

Key words: Ulmus lamellosa; phenotypic diversity; natural population
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fii S A5 (UImus lamellosa) A #iAE (Ulmaceae) i@ (Ulmus L) #i4, %MHIRA, A EEA,
RERX QR EmP ey . TWTRE T, e T8, SO i met; AR RAg,
¢, TG R R, R ST o IR 2 A T b AR I G A b AT A,
a2 LA Ty CRESIE S 5%, 20020, KL NI AR IR, 5 S50IA7 I R iR 4% J 4
oI AR HAT, WERRY R A SR o AR E A R IE R R A R Ak R (g
SCHY AR, 2007) BEEARAERIE CEEJEMC 45, 2003a). AEANT CHEERG 45, 2003b). HiIESAi
AR R GERAFIAAE, 1994), B AER IR (FEBEFNEISEA, 1996) S 710, 1A BiE 2 FEE,
R R T 2R T T SR IE o ATREG LU G4 6 AN B R R SR S B A S0 5, R ALk AT
MR RN IR 500, BAEERILRAE R SRRk R, e v B A s
HEORAP B TR AR S H KA

JEREA )% (Population biology) 2175 Ja it A4 7l Jm B AR 2522 I 6 At R R (M) — T TR e %}
(Alan, 1997). JEREEDIFPHAIIEARTLIC, YIAEG AT 7] BT BT AN RN, A oA A A 1] 1)
AR S R — N R N X S (T 52 RO SCBE,  1999) . ML ASHFIE 48 747 H B Qs fL mt,
XA B SR S R R SR A AR o A RRAE AR AL T H AR st 4L AR S K R AR
(Brochmann & Soltis, 1992). My EAE—NEZEFTEERE, LSS FRA AL ER, 4
AR LA B VIS, I B A — MM {E (Chechowitz et al., 1990).

QY ZiE SRS DARE

11 BEHABRSREMPIXE

2012 4F 6—7 H, JEWCLPu I A F AR A X NI 6 AN RE (R 1, 3R 2), & RBERALE 20 ~ 30
MRAMAEHEAT B AN A FRAE, BREEAIEEES 30 m LA L, DUREFICEH A RISEZ &R, 4K
I, To B ER I, JC R e HUF SRR, EORS 7l w0 1 B 1R S AR AR A A% (RSO R T 45, 2005) .

F1 WABREKERMEESETF

Table 1 Geological ecology factors of the investigated mother trees of Ulmus lamellose populations

“hE

e 2P Longitude MEkm RS M B

Population Latitude (E) (N{’; Altitude ~ Slope Aspect  Topography

BRI AR 35025 111°46' 1170 34 0.06 VASIEHR, 3R A R

CCLC Bottom of the valley with high coverage of soil

A AR 36°48' 111°45' 1450 44 0.95 WA, A AR S AR

JMLC Bottom of the valley with high coverage of rock

FEL SGS 36°44' 111°56' 1200 35 0.88 THARIETE, BRI s5 T a5 AR
Bottom of the valley with high coverage of rock beside the
stream

MJHSF XTS 36°24' 110°50' 1530 53 0.85 WA, A AR SR
Bottom of the valley with high coverage of rock

PNUIE 7 3528 111°56' 1542 34 0.79 WA, BT SRR

DHLC Bottom of the valley with high coverage of rock beside the
stream

LI QLY 36°37' 111°59' 1560 41 0.11 VARG, e R

Bottom of the valley with high coverage of soil
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F2 BEMEHAEIHERRR

Table 2 Growth status of the investigated mother trees of Ulmus lamellose populations

i HEITE SR R/m T em Sy /m A F Filem
Population s Mean height Mean DBH Mean crown height Mean under branch
individual

MA#kds CCLC 20 11.79 20.29 10.16 110.58

IRk IMLC 27 9.30 20.07 10.73 181.14

£iE 1L SGS 20 11.83 18.29 10.04 253.85

MHSF XTS 30 8.98 19.62 10.12 145.81

J#k3% DHLC 23 15.73 28.18 12.71 162.23

G HIE QLY QLY 29 12.02 20.55 8.59 157.03

12 MRNERZE

F4 Falkenhagen (1978) S5 H I TEA S0 sE ikl st Jy (W) Fr 3 R AU 50, RRR 2> L
15 Mesedy gt fr, AR E LM G s O e S Al ) iRy 2R 2 2 ) e i A
i B, AR R CREE 0.1 mm) 5@ MR 58 . S oi AbBR I iR HH IS S A UM 5 de 5 Kbl 1
Qe S 58 A U TR SR BT B A D~ IE ko (bR L, R s e, B g 58 Ak 2 Ik S5
F KT AR D o T ARSI S A AR P TR, S i AR e PR R DA T 0 e A i A - ik
BEO. THEM R/ /AR L R/ R R kB R O/ 2 A D
1.3 HitHh

S LA 14 AMERR SR 5 2 0 07, 38 SPSS BAEETAISC T . M Tt B0
%5 (1988) & UBBHIR MM R Ver= () | (st '), MR REIN T 22 00 R BR LLE 5 B
W7 225y B2 M. T NTSYSpe-2102a %4 (Rohlf, 2000 2 ¥ % F AR A e 5t SR F- 14
7% (UPGMA) BHTEREHHT (HERBT K, 2006). H'EFiHaHAK a7 4R H Excel 5.0
SRR AT R P AT

IR e A0 7 1k UL IE SE AR, 6 T B BT A A7 B 1 5 T 5 1l SR K O ~ 360° 1) J5 Ay i 4y 0 ~
1 Z [0/ TRASP (transformation of aspect) FE%L (XIFKEe %%, 2006). TRASP FREECZE B n) i
MR, S BB, Hoh 1 AR W Yh 30°, 0 ARFe bk 48 30°,

el iR% TRASP = {1 - cos[n (aspect—30) /1801} /2, aspect 7~ i) J& .

2 HiR50H

2.1 7B R A P B ) SR LM AR T S ARAE

LG B A TR 7 22 a0 T SR (3 3) 3R WA, 14 AN RIS MR AE Fa JF (A1 R J 49 N 307 A 10 2%
R S 7 o B v AR U A S A S YA RE S (XTS) JE BEIIE 55K (433l 4 97.871.50.560);
MR OMLC) JEREMSME i (R 85.099. 46.233). M A K. A%, MR HRE
B R, BLOKIMRY (DHLC) JE#F3AE EK (439920 91.130, 54.598. 30.450. 1.931. 0.441),
fEAVE L (SGS) JEEEIIME A I/ (Or5h 71.947, 41.395. 27.017. 0.360),

FE (SGS). MfHETE (XTS). BHIE (QLY) AT K i kIb B, it ekt 1 B S K,
MR . BEAAKY (CCLC). Kimkds (DHLC) A Trhgc kP By, i S g T i) BN,
. i 6 AR K SR A TR AR S AR R IIN BEAE A BE R0, W vy A R e A bk
S IR 36 R A
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3 WALREH 6 PRABEREMRK

Table 3 The variance analysis based on phenotypic traits of 6 Ulmus lamellosa populations

PAWIZ % o AL ST

Indexes of leaf shape Indexes of petiole shape

K/ B -
IR aphgmm b R
g Petiole length ~ Petiole width Length/width

ST
Population A K/mm MRS /mm TR em?
Leaf length Leaf width The leaf area

of leaf
CCLC 87.165+£13.038 52.632+7.899 28.660+£10.570 1.664+0.162 8.008+2.491 1.573+0.422  5.367+2.387
JMLC 79.167£15.672 50.176+£8.694 27.658+8.890 1.754+0.188 6.276+1.530 1.489+0.343  3.587+0.920
SGS 71.947+14.207 41.395+10.416 27.017+17.732 1.738+1.364 5.278+2.582 1.313+0.455  4.096+5.675
XTS 73.783+£16.689 44.331+£9.308 27.924+15.972 1.670+0.192 5.33642.152 1.344+£0.473  4.381+2.533
DHLC 91.130+22.823  54.598+11.261 30.450+14.504 1.630+0.217 5.515+2.032 1.93140.550  2.963+1.113
QLY 79.126£17.749 49.540+10.705 27.121£13.780 1.609+0.245 4.029+1.369 1.479+0.488  3.563+4.134
JEBER FfE 37.9717 46267 0.761" 15.936™ 121.236™ 47.699™ 24.450™
Among
populations
F value
JEBEN P 4.037 49777 1.806™ 4.126™ 8.144™ 51417 75117
Within
populations F
value
I g B A Bl A TE A R b I AKTE A b HoAth
A Indexes of tooth shape of the leaf Indexes of the vein Other indexes
Population e Ab R e R AR AR /mm kY W fik i/ ok g/ 5 /mm I /AR K
Tooth angle of the  Tooth depth of the Number of the Angle of the (4% -mm™") Le; thickness Leaf length to
widest part widest part vein vein Vein density leaf petiole
CCLC 90.451+6.723 1.853+0.431 24.180+2.486 48.5684+4.165  0.141+0.020  0.372+0.109  11.742+3.644
JMLC 85.099+15.488 1.903+0.786 23.7954+2.660 46.233+£5.111 0.134+0.023  0.389+0.111  15.287+4.408
SGS 93.160+15.239 1.312+0.465 21.211+3.613 47.268+5.279  0.147+0.028  0.360+0.124  13.631+5.502
XTS 97.871£15.516 1.595+0.490 20.658+3.362 50.560+£6.366  0.145+0.033  0.370+£0.082  17.131£7.621
DHLC 94.157+11.755 2.352+0.565 23.873+3.858 46.913+6.360  0.140+0.033  0.441+0.103  17.616+5.990
QLY 87.942+15.597 1.987+0.744 22.669+3.546 49.5774£5.922  0.150+0.039  0.361%£0.062  21.358+7.017
JalEm FE 23656 42.959™ 42.879™ 15.880" 12,619 2.723" 313517
Among
populations F
value
JEBEN FAH 3788 2.785" 5.636" 3.102" 4.958" L1’ 24.810"
Within
populations F
value

e *RIRTE 0.05 /K EZEFA BN B FM: **RIRTE 0.01 ZRik 3B EN.

Note: * mean significant difference at 0.05 level; ** mean significant difference at 0.01 level.

22 WAREMEFAREERT FFE

AR 5 R BER R MR B R AR, AR S REGEOR,  WIHIRE S OB FE R . & 4 v L, it
B T P 25 R B PR IR A8 e K ANAS ], P 18078 5 ROk 28.701%, A8 Sl B4 11.492% ~ 70.018%
BEAl, IERRHRIR P e R UK (45.168%), LU i PRIR T 3448 S R AL (25.446%) 1t
Jr g v AR U PR AR 3878 S R AL (23.731%), MEBKIEAR P P340 = R 8w/ (15.425%), Ui
Pk AR S AR IR AR e M . TG (1999) FERRFTHERIHIAE (Cephalotaxus hainanensis) JE7%
Bt A R S5 1. 78 14 DNRBPER T, BReriifR ., rop/m e e . it KRR IR 2 AR
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JEREEOR, HAR 11 NIRRT e REY B E . ITIX 11 ASREERIR,  REl k.
3¢ B8 AL VT A IR S bs o] F T4 o PR B 2 R o

] — R B VEARAEAN [ Ja B oA (A8 S Rl e b 2, b e PRIREE 3 O K/568) 7B 1 (SGS)
H K (18.481%), ZEMEATMIZ (CCLC) Hie /I (9.716%) s AR KAE A7 8 111 (SGS) Fhfe K (48.920%),
TE IR (IMLC) Him/y (24.379%), Ut BIAS [R] X A58 57 5 1 3 SR R B AR S K 22 7 o
(7] — J FE AN [RIPRIR 1 22 e R A 5 I 28 57, ERRR AR (CCLC) Hh it K/ 5 5 K (44.485%),
ik £ g5/ (8.575%)

MK 4 BWTLEH, AE (SGS) k. LHUE (QLY) JuREFINHSE (XTS) JuREHI -1
AR5 RHUBCR, 4350 37.500%. 32.244%F1 33.519%, EHHIX 3 AN, FEARLEAE L (SGS) i
WEMRAA R, RSN R; MWK (DHLC) B, AR (CCLC) JRBERIAN I
Wi (OMLC) JEEERIFIAR S R BB N, 00100 26.246%. 21.782%F1 20.916%, XM TiX 3 /4
SRR A AR (IMLC) S RE 8 7 AR PE ARG

R4 WAREN 6 MRAEHIRENKNERRY

Table 4 Variation coefficient of phenotypic traits in 6 Ulmus lamellosa populations %
M B bR AR ST
Indexes of leaf shape Indexes of petiole shape
e AR B
Population I Jy & i T AR Leneth/wi dthju AR K 4 IR/ A
Leaf length Leaf width The leaf area . g Petiole length Petiole width Length /width
ratio of leaf
CCLC 14.958 15.009 36.870 9.716 31.099 26.849 44.485
IMLC 17.197 16.662 31.022 10.700 24.379 19.172 25.651
SGS 19.746 25.162 65.633 18.481 48.92 34.653 138.550
XTS 22.619 20.996 57.198 11.497 40.328 35.209 57.818
DHLC 25.595 20.626 47.633 13.327 36.856 28.49 37.582
QLY 22.431 21.609 50.808 15.200 33.968 32.996 116.023
THME 20.424 20.011 48.194 13.154 35.925 29.562 70.018
Mean

IR doe 5 AL SR B A T bR

KT A bR SoAt
Indexes of tooth shape of the II(??: ts oj :‘htT ein Ot:fir indexes
S widest part x M x
Population 5 5 Ab i tAi i TR JE AL AR ik ik £ /0 - - AR SUIRIIS
i i
Tooth angle of Tooth depth of Number of Angle of . . . Leaf length to
. . . . Vein density Leaf thickness .
the widest part the widest part the vein the vein leaf petiole
CCLC 14.185 23.279 10.280 8.575 13.962 24.654 31.031
IMLC 18.200 33.401 11.179 10.895 16.869 28.665 28.838
SGS 16.358 35.442 17.034 11.168 19.048 34.444 40.364
XTS 15.854 30.713 16.276 12.841 22.759 22.292 102.86
DHLC 12.484 29.667 16.161 13.757 23.672 27.585 34.002
QLY 17.735 37.444 15.64 11.713 25.825 17.172 32.857
SFEIME 15.803 31.658 14.428 11.492 20.356 25.802 44.992
Mean

23 WAREHRAERERE S

P B 25w e gl ik, BB W AR R (K 5). TR REN] 5 20
AT AL AR (JRBERREREN 5 Z0m 2 FD 0 2 bR s JR BER] (R o040 R 50, I i M1 44 22 7Y
IR BCA 28.104%, JEBEIR] T 220 by AR S 11.657%, JEBEN Kt 34.096% . 2 B KA HOIRAE
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JEREN B ZFETE R T R BE R 2 REE, (v B SR R SR B R PR AR S DU BE N AR e o 32 g
B8 SR AR S A e B MR TR A 2 B2 S e N BB S RN R B 22 R IR s K

M3 5 3B n] LUG H A& IR/ R AL 04 RECR IR E R 1.800% ~ 76.269%, H P34 73 R4k
H 32.620%. 115 PR TR FE L ) R AL A R B BN, AR R IREN 5.675% ~ 15.538%, HL°F
B R BN 11.545%, Ui PRR TR R EC AN PEIRAE B IR A e, DU RE 9 AR S o 32 22

ARSI

R5 WAREHERAECKNAZESESERERESURE

Table 5 Variance portions and differentiation coefficients of phenotypic traits among and within populations of Ulmus lamellosa

JiFE5r 4/ % Ji =S A A/ %
I Variance components Percentage of variance portion LMY,
iiﬁﬁmmm Je e JERER Bz JERE ) JE Ry /%
Within Among Random Among Within Vgr
populations populations errors populations populations
I Fr 4 Leaf length 0.389 0.868 1.522 14.011 31.230 30.970
- H 5 Leaf width 0.134 0.302 0.428 15.464 34.936 30.682
M A The leaf area 0.007 0.380 1.402 0.390 21.265 1.800
Rk B 5 0.002 0.012 2.121 6.351 34.522 15.538
Length/width ratio of leaf
i Petiole length 0.013 0.018 0.015 27.509 38.815 41.477
M5 Petiole width 0.034 0.077 0.106 15.687 35.509 30.641
A/ A 0.048 0.307 2889.000 7.398 47715 13.423
Length/width ratio of petiole
T B AL A A 0.229 0.176 1.596 11.459 8.807 56.545
Tooth angle of the widest part
I AL AR 0.076 0.024 0.290 19.445 6.050 76.269
Tooth depth of the widest part
k% Number of the vein 0.015 0.042 0.052 13.844 38.227 26.587
HikfA Angle of the vein 0.096 0.429 0.489 9.421 42.337 18.202
kB Vein density 0.004 0.034 0.480 4.779 39.277 10.847
M5 Leaf thickness 0.001 0.002 0.537 12.967 24.299 34.796
SRSINNIES 0.009 0.141 0.040 4.473 74.350 5.675
Leaf length/petiole length
FEIE Mean 11.657 34.096 28.104

24 WA EMRARREM R REEREL S
AW, R UPGMA Jridoxt it Kt 6 AT 14 At R RUEIR S 304728

AT (D).

Fig.1 UPGMA-derived dendrogram based on Euclidean distances showing the clustering of the 14 phenotype traits of Ulmus lamellose

JMLC

QLY

| XTS

SGS
| CCLC

! DHLC

0.27

0.40

FHAPLZE $ Coflicient

0.54

1 EF UAREMRBEKEFROEKREES UPGMA BENTE
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M T AT EI DA AR B B R B 0.27 b ek, 6 ANERERTLLIY 3 KK, LB LI (QLY ). 2%
JESE (XTS) JEBERAFIEREAAE, A (SGS) JRRFRAVHIE S HiR, X 3 ANMa#Ry—
Ry MY OMLC) JRREPAER 28 MR MY (CCLO). Kkl (DHLC) Higtfin, X
PR 2K WEME B, 6 AN JmBE i PR R ARy AL HE A It B 2RSS

25 WARKZWRE TR SR T EEXS

XM B2 A 14 AR RUPRR 55 SR A8 ) b B DX 1 AT T A OG0T, SRR 6. A K S
AR R AR FAATRL, S5 A WP W 52 Y 8 sl i 3 A DG, A SC R Ea il - 0.138,
-0.085, -0.211 fl - 0.340, -0.341, -0.154; M58 1A SR S AL, 1520 5 AR S 3 10
FIE (r=0.343, r=0.300), 5265 S5 i) 200 S8 aib 3 up O¢, A E R Hloh - 0.222,
-0.247, -0.120 1 -0.080, -0.208, -0.107; WA PRRFGECSGLEE R EZFIEMK (r = 0.118),
Bigth BB F AL (r=-0.105); &EAHRANMASEEEREEIMR (r=-0284), SHEE
W ARG (r=0.114); 5ZMKR, mIGEAHTEARSEE RIS EIEMHL (r=0347), ¥R
W2 ARG (r=-0.088); WK S A B B S 2 AHC (r=-0.234, r=-0.179); Mk
SRR WE BB EAR (r=0.123, r=0.123), S5 mEEEAHEL (r=-0.073).

F6 WARKKREMEKSHEERTEMBXRE

Table 6 Correlation coefficient between phenotypic characters and geographical factors of Ulmus lamellosa

LRPEIR Phenotypic traits 2 F% Longitude £ Latitude 3K Altitude W Slope Iy Aspect
/K Leaf length 0.294 -0.138" -0.085" -0.211" -0.007
M98 Leaf width 0.343" -0.222" -0.033 -0.247" -0.120"
-1 f The leaf area -0.003 -0.010 -0.005 -0.031 -0.075"
K/ P58 Length/width ratio of leaf -0.042 0.118" -0.105" 0.027 0.063
AR K Petiole length 0.060 -0.340" -0.341" -0.154" -0.018
4% Petiole width 0.300" -0.080" 0.016 -0.208™ -0.107"
A K/HA% 55 Length/width ratio of petiole -0.127 -0.1347 -0.147" 0.041 -0.032
I % AMR A 1 Tooth angle of the widest part -0.284" 0.060 0.013 0.114™ -0.138™
I BAMR AR Tooth depth of the widest part 0.347" -0.027 0.070" -0.088" -0.159"
Bk 3 Number of the vein 0.293 -0.234" -0.033 -0.179" -0.081
Tk ffi - Angle of the vein 0.018 -0.039 0.019 0.038 0.075
-k B Vein density -0.103 -0.004 0.123" 0.123"™ -0.073"
& Leaf thickness 0.054 -0.277" -0.176 - 0.080 0.034
K/ Leaf length to leaf petiole -0.075 0.129 0.171 0.120 -0.254"

DL SR Be, mh RN SE R, de e AR VT IR A T RR S22 R, AR 0, BEAE B
IKEIEWIR D, XL bs R IIE & BEEL RN, WL, AR RN, 25Kk
HEIBHEIN, N KB, R AR BB s R, R EOEETRN R B A,
PR R AHEIRAE ) SRR AR s R A = B, i BB T e, U A B X I s AR
KREROR, WK BN IR Bem BRI, AR AT BES IR I e A iy
M IR SE S AR SE . SR AR A YR, X 5 TMRRFR AR . /N X — 45 Y Zhao 4%
(2011) HIBFETSE A, AATTA /N7 3S (Caragana microphylia Lam.) &7 MR 3k B ik i) 5
FAAIC, JREBES BEUSI L IR A KRN . IR LU RO, R K A R RN . DRI
N B KNENFAE K AE B PR L /N B XS I

M 6 LT LA, w58 S AR DSR2 IR B R iR, A e, 5
5 RS RIEAY G .
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A\
$E

3 e

P 2 FE I 2 B AR AT L0 A0 X BN IR B 4 fF T )R AR S, BE DR R RN BRI A% (1) &5
R, R R BL A e, RV SO, PTRRAEAE I AR AL o, R T8 2 AT
MEWFIT B R A AL 4 (e 25, 20100 T L7548 i Bef 6 SRR SR REH A 14 DR RPIR
(TR RIE R IN, T B2 A e P PR AT AR5 s A% 2 R AR S o I 14 AR I IR AE J 48 1)
BEN A B B B 2 . Hod, oKy Mo sE. A, MR sE. mEIX S MR E
B 24 15 ()38 i 2 s A . R MR S B DR R PR A O R B HT 4 BB ok, BEg L,
R AR PR B 0 5 P 3 R dhs i i AR v, hKEOE R s IR R AR R 1) 58
WG S (e . MWHBER A0 FoRA, BRI I) AR A X Y, RAT ik ) BE B i ek, 3%
JE s O Lk 0 I Bz At B /NS T

JI A e 14 AR IBIPEAR V48 57 R B (28.701%), A8 SR 5 N 11.492% ~ 70.018%, I
R PEIR 278 53 2R 2 (45.168%) > W PRIR -3 78 53 R 2 (25.446%) > W d5 6 Ab B 14 TR
(V3748 3 R AL (23.731%) > KR AP 3448 e R A (15.425%), 1 HH T B A S A o 3 2R ik
SRR A i, FL R R T IR R AR B AR R AE . LG A BB AR A A X, K
LK AT LLRRBE S A PR 3R AR S RIS 22 S K, 0 il 31.045% 24.014%. i BH K-
L AG BT R 117 I R A2 2 2 R )

JeEFRE 0] (A8 S e e Wt 20 5 AR B R 5 i 22 5, RISt b o 2 R P T R B 4 LA
KANE— B FREE b Wi AR AN TR PR (13 S FE B, (O U3 W A S5 R e Tyl (25 45,
20020 it S A Je A ) (1)~ 2 R A oAk REUK PR (28.104 %), IR TS Hik (53.97%) (ZE3C9eAl
BTEE, 2005). MR (54.47%) (FEiH], 2005). T % (43.93%) (WIZEREJTE, 2006). 1
AP (42.61%) (W&IE 25, 2012). WA (40.15%) GEIRTE 2%, 20100, NI =42 (36.53%)
(R 5, 2009). 23 (29.58%) (ZEF, 2003), mTHEERE (27.18%) (LUIuN 25,
2008+ 1A (22.86%) (255 25, 2002) /NHERAY L (16.90%) (ER1d 2, 2009) A3 4Mk (13.79%)
(H e %, 201000 WM R A= 47 R85 1R 38 3 BN SR D0 A, T8 N IRBE M BE 0855 . I &%
s B T R B RO 71.896%, X 5 REUM T4 A — 3. UL BN A e 2
BRI AR SRR, AR e R B SRR N B A R O, AR K S IR R s K
PRI T R AR S a4 (R 3 R BE R 7~ 2L [ VR F R &5 3

AT R A 6 AN R AE 14 /N RAPRR AT IR 8, S5 R BoR, DSk e 2 247 0.27
MR, 6 ANEBEA A 3 K. CHE. MESFEEES AT ERERE RIS ik R
BRI —2s BRATARIG . AR B SR O — R o LR I 3R A A0 A i S b 3! P 2 7 2R

HPHNIE S I, DERESE (XTS) DR B A s B A (1T D21, 580 M 8. 4R1M
SRy R IV IR V3 SR UE 22 T 45 R B, DeEF (XTS) JRBEL AR, HADEEIRIRIHFA
JEICR IR o T RS A DX IRBE R M AR B 1) TR A, SR T R BB AR N (R FE KL 98, b
LM, 8D, NIEN AR, i RIAEEAR NG R T DK 3K (Picotte et al., 2007),
GG RRA R G RAVERI R e KA R I, I 03578 5 R4 (20.916%) W S/ T3t
PRPR S AHIT A B L EE (37.500%) GIHIRJEHRE (32.244%) HIJESEEHE (33.519%) 1448
SREG I HA MG R — . BPAMRA A BN, TSR A AR R RS A R T
PR X REJE i TR ARSI A, B e e BEAE AL i R v, RS2 S R R iR AR
KNATH, ERAR KRS SR A8, B T BEARsAL By RIgseE, i3 e A8 i B A /N (Ui
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BIE 5, 2012), BRI BN A2 72 38 A DA AR IE 4 IR A 45 R

HORE AT L, L S A o B E AP R AR IR 2 FAR A 3R 55 N 0 R 3R 3 B A B8 5 1 B
RLAIFR A5 T 3 R K e KRR BRI, g S BUZ A 2 REPEIE 2k. IITD T % (K 2 A R
DU ARG S5 152 A7 28R DR SRS R Tt S A9 206 Lo 1Ly PG I B R A A3 = T ol
WARSE, WIREREHSRAR, WA, FEDRA HREFEHLUR, Hrh RARAURAE — € i . by
i Bl A BE I RE 858, H. 71.896% AL SR AFAE TR, DRI I B Ry ted A% e | AR p, 2
WO 2l >l JE A, R DA A S FSCFE Jar i P9 ARSI PRI FE M ORGP — A J e 1) S8 4 L

References

Alan H. 1997. Population biology: Concepts and models. New York: Spinger Verlag: 1 -2.

Brochmann C, Soltis P S. 1992. Recurrent formation and polyphly of Nordic polyploids in Draba (Brassicaceae) . Amer J Bot, 79 (6): 673 - 688.

Bi Run-cheng, Chen Li-fang, Li Pei-yu. 2003a. Study on Ulmus lamellosa community characteristic sand species diversity in the south of Shanxi.
Wuhan Botanical Research, 13 (1): 14 - 17. (in Chinese)
SRR, BRZEYT, 2RI 2003 L1 R S RRTRE R A AR AR LR SRR OB DU TS, 13 (D) 1417

Bi Run-cheng, Yi Wen-bing, Li Yan-ni. 2003b. Study on niche of population of Ulmus lamellosa in the south area of Shanxi Province. Acta Botanica
Boreali-Occidentalia Sinica, 23 (7): 1266 - 1271. (in Chinese)
Rl E, Y SCEe, Y. 2003b. 1L PR AR BT LA AL ST, VAL AR, 23 (7): 1266 - 1271.

Bi Run-cheng, Zhang Jie, Su Jun-xia. 2002. Ecological characters of rare-endangered plant Ulmus lamellosa in Shanxi Province. Plant Resources
and Environment, 11 (4): 46. (in Chinese)
SISk A, IR 2002 IPURGAT BSE REA K M N R RS SRR, AR BRI S R EEEAR, 11 (4): 46

Chechowitz N, Chappell D M, Guttman S I. 1990. Morphological, electrophoretic, and ecological analysis of Quercus macrocarpa population in the
Black Hills of South Dakota and Wyoming. Can J Bot, (68): 2185 -2194.

Cheng Shi-ming. 2005. Study on genetic diversity of multitudinous populations and construction of core germplasm in Melia azedarach[Ph. D.
dissertation]. Beijing: Chinese Forestry Institute: 27 - 61. (in Chinese)
FEVFH. 2005, BRI A BEACE 1% ZREPERT ST S e O MOs R R T ig ST dest: AL R BE: 27 - 61.

Du Sheng, Yan Mei-jie. 1996. Plantlet formation of Ulmus lamellosa coltured in vitro. Inner Mongolia Forestry College, 18 (4): 15 - 17. (in Chinese)
KL B, FISEAR. 1996. i RA B AR B IR AT A RE AR BIF ST, NS AR BE AR, 18 (4): 1517,

Falkenhagen E R. 1978. Multivariate classification in provenance reaearch. Silvae Genetica, 27 (1): 14 - 23.

Ge Song, Wang Ming-xiu, Chen Yue-wu. 1998. Population genetic structure of Pinus massoniana were studied with isozyme. Forest Research, 24
(4): 399 - 409. (in Chinese)
BoOmG EWIRK, BRIEC. 1998 FIF) TEEHE T RAARHA TR 250, MolbRLE, 24 (4): 399 - 409.

Gu Song, Du Gang. 1994. Relationships between geographical distribution of Ulmus lamellosa and climate in China. Inner Mongolia Forestry
College, 16 (1): 28 - 32. (in Chinese)
WA, A AL 1994, T KRR R BB OMAG 5 AURA PRI OO R, A SR AEBEER, 16 (1): 28 - 32.

Gu Yun-jie, Luo Jian-xun, Wu Yuan-wei, Cao Xiao-jun. 2009. Phenotypic diversity in natural populations of Picea balfouriana in Sichuan,
China. Chinese Journal of Plant Ecology, 33 (2): 291 - 301. (in Chinese)
BN, DR, R, SN 2009. N RAZRAFRERBZHENE. HPAESYR, 33 (2): 291 -301.

Ji Zhi-feng, Gao Ya-hui, Li Le, Mao Si-xue, Zhao Liang, Geng Quan-ying, Wang Yi-ling. 2012. Phenotypic diversity of populations of Acer mono
in Huoshan Mountain of Shanxi at different altitude. Acta Horticulturae Sinica, 39 (11): 2217 - 2228. (in Chinese)
WA, WY, A AR, B, OB 5T, B, AR 2012, (ivgEE L TLA A R A IR R [ Z 2, 39 (1D):
2217 - 2228.

Jing Zhen-hua, Lihao, Shao Wen-hao, Yue Hua-feng, Jiang Jing-min. 2010. Phenotypic diversity of natural populations in Diospyros glaucifolia.

Bulletin of Botanical Research, 30 (3): 325 - 331. (in Chinese)



1960 P S "3 40 ¥

IRt A, HRICEE, AR, R 2010, WHLRIRAREEAR IS REMERTAT. MBS, 30 3): 325- 331

Lan Yan-ping. 2003. Phenotypic diversity and its propagation technology research of Chinese honey locust[ The Outbound Report of Post doctorate] .
China Forestry Institute: 17 - 41. (in Chinese)
22003, S IERTDHENE KLY BEHARFIIU I 45 iR ], P EAOLREE B 17 - 41,

Li Bin, Gu Wan-chun, Lu Bao-ming. 2002. A study on phenotypic diversity of seeds and cones characteristics in Pinus bungeana. Biodiversity
Science, 10(2): 181 - 188. (in Chinese)
Ak, BUTE, STEYL 2002, FRFARR SRR SEORE R S AT S B E A, 10 (2): 181 - 188.

Li Wen-ying, Gu Wan-chun. 2005. Study on phenotypic diversity of natural population in Quercus mongolica. Scientia Silvae Sinicae, 41
(1): 49 - 56. (in Chinese)
B, BUTE. 2005, SEARRR IR SRS Mol B, 41 (1): 49 - 56.

Liu Qiu-feng, Kang Mu-yi, Liu Quan-ru. 2006. Quantitative classification and environmental interpretation of forest tree species in Hungou,
Zhongtiao Mountain. Plant Ecology: Chinese Version, 30: 383 - 391. (in Chinese)
HURKVE, BESETE, XU4xff. 2006. A LRI ML DS BRI AR KB 70 K S A BERRE. A A5 4, 30: 383 - 391

Liu Wei, Chen Fen, Chen Yu, Pan Da-jian, Fan Zhi-lan, Chen Jian-qiu, Li Chen. 2010. Phenotype diversity of ordinary wild rice in north of
Guangdong. Guangdong Agricultural Sciences, 37 (8): 21 - 24. (in Chinese)
X e, BREOSE, BROOW, WRREL B, BREE, 2 R 2010, BALREEERERM RN ARRRE, 37 (8): 21 -24.

Ming Jun, Gu Wan-chun. 2006. Phenotypic variation of Syringa oblata Lindl. Forest Research, 19 (2): 199 - 204. (in Chinese)
Bl %, WUJTH. 2006, 5T ERMEEERITL. MOLBREIT, 19 (2): 199 - 204,

Picotte J J, Rosenthal D M, Rhode J M, Cruzan M B. 2007. Plastic responses to temporal variation in moisture availability: Consequences for water
use efficiency and plant performance. Oecologia, 153: 821 - 832.

Rohlf F J. 2000. Numerical taxonomy and multivariate analysis system version 2.1t. Applied Biostatistics Inc: 6 - 83.

Ru Wen-ming, Zhang Gui-ping, Bi Run-cheng, Zhang Feng, Zhang Jin-tun. 2007. Population structure and pattern of endangered Ulmus lamellosa
in Shanxi. Applied & Environmental Biology, 13 (1): 14 - 17. (in Chinese)
LISCH], SREERE, MG 9K W, TRl 2007, BUGHI B AT BESS S AR R IT S B SRR AR, 13 (1) 14 - 17,

Wang Ya-li, Li Yi. 2008. Study on phenotype diversity of cone and seed in natural populations of Picea crassifolia in Qilian Mountain, China.
Journal of Plant Ecology, 32 (2): 355 - 362. (in Chinese)
FUEW, 4% B 2008, AREENTFE A2 RABARIOF AR R S FEE. AR, 32 (2): 355 - 362

Wen Ai-min, Chen Wen-xin. 1999. Phenotypic feature diversity of rhizobia isolated from Medicago sp., Melilotus sp. and Caragana sp. Chinese
Biodiversity, 7(2): 1 - 8. (in Chinese)
IS, BRSO 1999 Fif . SOARHE. BN JLHGR B R T 2 RE . B2 RErE, 7(2): 1-8.

Xiang Zhi-giang. 1999. Study on the morphological variations of Cephalotaxus mannii in different popuations. Guihaia, 19 (2): 131 - 135. (in
Chinese)
WIRR5E. 1999, ANFEF R i AR E A 058, oMY, 19 (2): 131 -135.

Xu Bo, Wang Zan, Lu Jing-wei, Gao Hong-wen. 2009. Morphological variation of Caragana Microphylla in the east part of Inner Mongolia.
Bulletin of Botanical, 29 (3): 276 - 281. (in Chinese)
O, £ BE, RS, sUiaC 2009, PSR EBHBDC N HERAS ) LR AR R BES. REIBEST, 29 (3): 276 - 281.

Yan Nii, Wang Dan, Gao Ya-hui, Hao Xiao-jie, Wang Yi-ling. 2010. Genetic diversity of Acer ginnala populations at different elevation in
Qiliyu based on ISSR markers. Scientia Silvae Sinicae, 46 (10): 50 - 56. (in Chinese)
B, £OF T, IR, AR 2010, GRS FERGEHS SRR EE ZREE. MR, 46 (10): 50 - 56.

Zhao Tingting, Li Junpeng, Zhang Xinjun, Zhao Nianxi, Gao Yubao. 2011. Photosynthetic and morphological characters of Caragana

microphylla in different slope aspects and positions. Acta Ecologica Sinica, 31: 163 - 168.



