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Morphological-ecological characters and growth patterns of main tree species leaves in urban forest of
Shenyang. XU Wenduo, HE Xingyuan, CHEN Wei, WEN Hua (Institute of Applied Ecology, Chinese Academy
of Sciences, Shenyang 110016, China). -Chin. J. Appl. Ecol. ,2006,17(11) : 1999 ~2005.

The study with statistic and multivariate analyses showed that the main meteorological factors affecting the growth

and development rhythms of main tree species leaves in urban forest of Shenyang were =5 C accumulated tem-

perature,, accumulated sunshine hours, and mean temperature in the middle ten days of each phenological period.

The meteorological factors needed by the tree species varied with their phenological period. Necessary low temper-

ature and Cl were required in germination period, and suitahle WI and HI were needed in the growth period. The

major quantitative morphological characters of 10 tree species in Shenyang urban forest were displayed in their leaf

morphology and size, which decreased in the sequence of Lespedeza cyrtobotrya > Syringa oblata > Sophora ja-

ponica > Populus alba > Cornus alba > Lonicera maackii > Ligustrum obtusifolium > Fraxinus mandshurica

> Prunus padus > Phellodondron amurense. As for the leaf area, it was decreased in the order of S. oblata >

P. alba > P. amurense > P. padus > F. mandshurica > C. alba > L. cyniobotrya > L. maackii > 8. ja-

ponica > L. obtusifolium. The relationships of leal length with leaf width, perimeler and area accorded with the

model of y = ax*, and the growth trend belonged to allometic type. The & value hetween leaf length and width of

all test tree species excepl P. alba was lower than 1,

and that between leaf length and perimeter was > 1 for P.

amuresne, ==1 for P. alba, and < 1 for other tree species. As for the k value between leaf length and area, it

was > 1 for all the tree species, with that of P. alba being 2. 1028. The increasing rate of leaf area was about 2

times higher than that of leaf length, An optimum regression assessment model of the 10 tree species leaf area was

built and tested.

Key words Urban forest, Leaf morphological character, Allometry, Growth pattern.
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Table 1 Relationships between meteorological factors and phonological rhythm of growth phase of leaves of different tree species

BRh AN Sprouting JEMTHH Leaf expansion M4 HA Leaf growth

Species X, X X, X, X5 X X, X, X5 X X X X, X5 X X, X5 X
A 76 10,2 9.6 -54 2.9 481.1 114 168.1 12.3 6.0 10.1 774.1 194 -3.2 17.2 238.8 2.7 1542.3
B 101 78.1 11.6 1.7 6.2 673.7 129 338.2 14.8 11.5 15.2 895.3 175 2.9 17.2 238.8 2.6 1413.1
C 105  84.1 11.6 1.7 9.3 705.9 126 297.9 14.8 10.5 14.5 873.7 159 2.9 19.5 212.1 2.8 1262.2
D 103 78.1 11.6 1.7 9.3 688.1 127 309.9 14.8 9.3 14,5 880.9 174 6.2 14.8 248.6 2.5 1364.8
E 80 160 9.6 -0.5 2.9 508.2 107 84.1 9.3 29 6.9 716.9 188 -3.2 17.2 238.8 2.6 1527.6
F 106 90.1 11.6 1.7 9.3 7131 125 286.4 14.8 9.3 145 866.5 173 2.9 17.2 238.8 2.6 1367.6
G 8 31.6 9.6 -0.5 2.9 586.2 112 1355 12.3 8.1 12.4 759.7 191 0.3 14.8 248.6 2.3 1561.6
H 87 256 9.6 -0.5 2.9 5718 113 151.7 12.3 11.6 12.4 766.9 196 0.3 148 248.6 2.6 1599.6
I 84 16,0 9.6 -0.5 2.9 543.6 117 200.9 12.3 13.8 16.4 795.7 199 0.3 14.8 248.6 2.6 1596.7
J 103 78.1 11,6 1.7 9.3 688.1 132 378.9 17.1 14.5 18.0 930.5 176 2.9 17.2 238.8 2.6 1525.9

A 4R B4% Populus alba, B:EW Sophora japonica, C: # ¥ Phellodondron amurense, D+ 7K i) Fraxinus mandshurica, E .2 Prunus padus, ¥ 4T
Fi K Cornus alba, G:7KB Ligustrum obtusifolium , s H: & H % Lonicera maackii, 141t T % Syringa oblata, J: 5 W T Lespedeza cyrtobotrya,
X, 4 EHA 1 B 1 HA9KEL The days of phenological period from Jan. 1, X, : =5 CHA =5 C Temperature accumulation, X, : R H Coldness
index (CI), X, : B MEIR The lowest temperature in ten days, X; ;8] 55 Mean temperature in ten days, Xq : W# H BFH B4 Mean per day
sunshine accumulation, X, ; &M #3 #1725 i Mean temperature in begin leaf expansion, X : B M B F- 1R Mean temperature in total leaf ex-
pansion, Xg: M4 4 1K 4L The duration of leaf growth, X . #-75 {, 45 #1 47 - £4S, Mean temperature in ten days beginning leaf discolor, X, : IRRE &
¥ Warmth index( WI) , X,, : 12545 %( Humidity index( HI). T [d] The same below.
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Table 2 Loading of environment factor to the first three principal components in different phonological period

R TR X, X, X3 X4 X; Xs X, Xs Xo Xio Xu Xp HIIR_ FE ?fﬁ
Phenolog-  Principal Eigenv Information {%,
ical component alue  percent Information
period (\) (%) summation
percent
(%)
Ao k2| 0.433  0.432 0.387 0.346 0.413 0.432 5.211 86.853 86.853
Sprouting ¥2 0.009 -0.162 -0.310 0.885 -0.306 0.015 0.467  7.780 94,633
y3 -0.231 -0.160 0.863 0.177 -0.295 -0.240 0.236  3.925 98.558
K 0.241 0.238  0.990 0.935 0.351 0.245 5.914
B ¥ 0.423  0.424 0.423  0.424 0.347 0.403 5.256 87.591 87.591
Leaf y2 -0.286 -0.275 -0.167 -0.280 0.737 0.434 0.656 10.937 98.528
expansion ¥3 0.295 0.320 -0,878 0,173 0.099 0.007 0.054 0.907 99.435
h? 0.356 0.358 0.977 0.293 0.673 0.351 5.966
AR g ~0.180  (.442 0.460 -0.457 0.484 -0.345 3.830 63.849 63.849
Leaf ¥a ~-0.664 0.313 0.306  0.262-0.219  0.501 1.830 30.492 94.331
growth ¥3 0.524  0.261 0.127 -0.468 -0.156  0.631 0.203 3.379 97.710
B2 0.748 (.36l 0. 321 0.496 0.306  0.767 5.863
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Table 3 Morphological quantitative character of the leaves of different tree species { mean = SD)

ot 7 & o K3t A WK ot

Species Length Width Land wide Area Leaf Specific leaf
(em) (em) ratio (cm?) index weight (g - m~2)

A 7.31£1.07 6.29 1. 14 1.18 £0.10 31.57 £9.59 0.67 £0.03 84.32£17.52

B 5.27 £0.47 2.62 £0.23 1.10 £0.22 9.65 +1.51 0.70 £0.03 40.43 £12.38

C 11.86 £1. 28 4.41 £0.60 0.69 +0.22 31.81 £6.92 0.60 £0.02 32.30 £10.61

D 10.48 £2. 53 3.96 1. 14 2.71 £0.45 27.24 £13. 56 0.62 £0.04 37.83 £29.08

E 9.40 +£0.99 4.77 £0. 59 1.97 £0. 16 27.24 £5.56 0.60 £0.06 29. 61 £4.63

F 7.81 £1. 80 3.95+£0.75 2.02 £0.26 20.97 £6. 49 0.67 £0.04 37.27 £11.99

G 4.66 £0.85 1. 81 £0. 30 2.53+0.26 5.34 £1.69 0.63 +0.12 31.03 +14.47

H 5.84 £0.50 3.08 £0.27 1.90 £0. 11 11.69 +1.58 0.65 +£0.04 33.07 £6.63

I 7.81+1.57 6.62+£1.20 1.19 £0.09 34. 58 +12.47 0.77 £0.92 36.61 £8.01

J 4.91 £0.97 3.24 £0. 54 1.51 £0. 11 12. 69 +4. 29 0.80 +0.19 20.63 £9. 68
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Table 4 Mathematical allometric models relationships between the
components and length of leaves of different tree species

Jlﬂ\]”iﬁl S8 r P

H_Eiiﬂzﬁ*ﬁﬂ( % 4) ,éé@ﬂﬂﬁ*ﬁ%ﬂ#ﬁ%‘l&**&%, Species Mathematic model
) : A L = 2. 2788X 0.9343 0. 0000
10 MR R E S 908 BEELE IR R, S = 0.4710X 0. 9546 0. 0000

. e [ Y = 1.132 , 9626 .

BN B E KT (P <0.01) M8k ENHFAR oy e
AR K (0.0505 ~ 1685) . R Aty k> 1, KA $ = 0.7392X 0. 9444 0. 0000
RERBRBEATH A RERERR MHEAM T~ Z : ?zzggi gj 3:2; gigggg
BRI k<1, BT R KEMKERLY F FE $ = 0.3881X 0. 6962 0. 0000
WA, R K. 10 MRFE EERKY ey popeost o
BEE > &ES > KM > 23mAK > SBELX > S = 0.3239X 0. 9877 0. 0000
> HTE > BT > KM > B g Lot oz 00000
EHERKESERKEES , KEHEERE(P § = 0.4863X 0. 9546 0. 0000
=0.0753)  Fokhly k (L BMAITIS (R 4), BB Llrimx om0
HE=1.1226 R KAKBEERTHRKELAEE § = 0.5371X 0.9712 0. 0000
HHEBHIEEN EEEMT L RRMXEE . bt oo
SEHERant R RESHREERN L= § = 0.6720x 0. 2844 0.0000
~2.3089 +3, 5658X(r =0.9735, P =0.0000) ; F% | L ek e e
KL = —0.1904 + 2.3679X (r = 0. 9546, P = f/= L.0713X 0. 9566 0. 0000
= 1.2093X% 0. 8544 0. 0000
0.0000) ;A3 B F K. XUEHBMHRMATRFE L = 3.4195% 0.9195 0. 0000
BEAE KR A e K 0 L T R A K 2 . S e e
Y = 0.9041X 0.9659 0. 0000
Hh7 ARk EHEDT L R EARKERKERN L = 3.990X 0. 9403 0. 0000
ﬂ:lﬂ“}:’f‘l{tgi‘&ﬁ% 8§ = 0.9820X 0. 8689 0. 0000
Y = 0.6143X 0. 8844 0. 0000

R4 TTLIE Y, 10 AR F i o T AR 4 i 5
KPR (FEBE) AR, b B4 1. 3421 ~
2. 1028. JELIE40 F3 4% B4 - T AR 6 3 G 1L T o
KK 2 (5 =2.1028). T BLiXFRAIEFH &
Y1, 0% r (H7E 0. 7476 ~0.9659 (P <0.05). 3
M TT AR R T B KB S AU K B 51 e
AR K AL
3.4 KRR A KB R AR

MR R AP BRI A B B ARAR

Z—. MR/ B ek B R M ) b & A
ARV R Y ac e, B, Erf s G B - R R A
BT AAREE A 5 BE A B A AR W AR AR
KEEMTERE K E BRI m o mi AR, SR R 07 3% i
T UL PHIR T ARAK 10 MR Fi ek i AR 4 BE 0 59058 B
BRRBI (£ S). WFTATLLE 10 MR Fpa it HE
FURLE IR A R HL - (HTE 0. 8172 ~ 0. 9889
2], BX AR B E AR (P <0.01).



11 %3 IR L IR T AR A R TR AR SRR IE S A M 2003

£5 SREGFHNKE EESTRAORKE HEE
Table 5 Optimal regression model of length, width and area of the
leaves of different tree species

B WA ’

Species Mathematic model

A S =-26.9504 +3.7304X = 4.9699Y 0. 9889
B S5 =-9.4012 + 1. 9145X + 3, 4262Y 0. 9664
C § = -26.8349 +2.2139X +7.3443Y 0. 9864
D S =-24.3571 +1.7945X + 8.2823Y 0.9848
E 8§ = -23.8025 +3.7501X + 3.3094Y 0. 9503
F § =-17.1213 + 1. 6120X + 6.4536Y 0. 9856
G § =-3,2234 +0.6768X +2.9913Y 0.8172
H § = -6.5288 +1.6225X +3.7107 0.9528
| § =-30.6394 +3.910X +5.2369Y 0. 9764
] § = -8.9619 +1.5333X + 4, 3578Y 0. 8875

37 RS [ R R B A THRE BT, 2 5B 10 ANk
FhE A AR A AR YR A, RN 10 A
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Table 6 Test of optimal regression model of leaf area of different tree

species

B Fh AFEFH Area (em?) e

Species W, RIS Error
Observations( +SD) Theoretical value ( +SD) (%)

A 25. 5557 +5. 7364 25. 5655 +6. 1528 0.04
B 9. 0888 + 1. 6969 9. 1266 = 1. 679 1.41
C 35.0715 £4. 825 34, 6946 +4. 4843 1.07
D 25.3374 +3. 0788 25,9438 £9. 6652 1.3
E 23.3374 +3.0788 23. 6109 +2. 7669 1.17
F 21. 7685 +6.0992 23.1972 +3.7803 3.56
G 4.8221 £1.3783 4.5625 £1.1756 5.38
H 12.8170 + 1. 8838 13. 8517 £ 1. 4859 8.07
I 31.5130 £9. 6733 31. 2205 +9. 7248 0.93
I 15.2293 +3. 0870 15. 2350 +2. 3775 0. 04

H13R 6 v LUR 10 MR Fh ) AR R B(E
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BT LAGE S s o B A TE , AR R L et AL Xk
FIRAT AR RN EHREEARBEEETELEL.

4 W i

M A SRS R URMFK S H A &
VXA WHBTARNRF—5 3 ATHR 4 A,
Pl P T R AR BROR O, i A B 3l Lt i
ERETNE, £9 AHITHAS, BE IR TRY
RSk TFHR VR, T R 3 A I SRR X — TR
ot A N Wl e SR =R I N bR S 27/ 3
SRR TE ™ He M N DU e 0 R 2 7 gk
PRI, I 2 8 3 2 7% it i A Y IR SR A
e — AN TR K T 158 3o R R R
Y S X A BURIA, A REHEA T — R .
Menzel ™ i\  FEM &AL K B 1B S AT RO IR
HFAEYIRER KEHFEE™ A AR R kR

KEMOEWY TR ESYREEL SYERTRE
EHR RTESET 0 WAERKFE @K
IREAEIE , A BEFTHERR AR, AR I s e )
MU RS> 504777 Bk (PCA) BFA T M R LR K
R REAN TSR AT, AN R BRH B
BASERESWAHAPNESHETF HES
SN P RERESHAE NN EESLE
T AR R, & RIE TR IE TR AR
PHERESERT, A HEWHIRHKERFER
HE. O MK shriR B b E, A 30 W WL
CT K HI ] A £ TF5E 9, 357 FA R B 6
48 A PSR B o AR, FRTE A ST
AW E R, Y, 8 C1EF 58Sk
0. 8630. R AN MIBEREMIE - EE KR,
HEMFCT LR, B — 1 EE —FEmR R4
BB BT TRA M B SRR A A R
HE XL B Kikuzawa M2 BB AR
T AR K , ALY B 50 300 R S A L AL, T R
FRE(MHEE) BRI B R RS
%, BRI IR R S 0 RUR /N B R e
SHERE AL T AR TSR
B, SMMBIER RN HERTERE
AR A B A, T R R A A 1R 5 Wy 2
REME S AERE, AT B IRATER.

WA K R BA AN, TE R REAK
B TR B AR s kB EEEY
FERCR MR 6 ROV AR RBOE R, T R A
BB EAOR A % 2 O i 2k BEUE . Gould™* {1 F 5
RPN RIS BEAERME A R K
WA FIHTE v = o’ BUETBR, BB 1k
lgy = klgx +1ga AT NRHTER; S5 R KAHESY
y = ax* BB R, FAESAE ST, IR A
XBEN TURTANBE AR AL %R A
FT 43R A0 B0 11 5 R A A R B AT I A KA e )
Hi K EMEERN A RKWEARE, HKEX
BT LU BNt A R . AT AR B, i K AR
A T B FIRR N B 25 5, 4R R I A R L 5
KAk >1), TH SRR kAT 1 B0 R
BRKESHAL L BT 1(E4), LHER
E14% k {89 2. 1038, I AU 4 R 1 T 46 i
K2 AL T AR L 8 O AL B TE B
WBCA BT SR BB A 77585 107 S48 ) s B 3 i 2R bAoA e
R EEEN BB 15 ~20 d, B BIFR 4T , ML
R PR AME A F TR HTICEER , USRI



2004 R

M &

ol

5 % i

17 4%

BT — BTN RE RO R Saeki F1 BRI
B, R R R 15 d BB HT H R
(T #E , T 4 R 4T I SRR AR 22 50 ~ 80 d'°. A4
FEA KRR IT A MRS et
RAEV KB ESHRNSE R, WREYARE
B R E He 7 HE R R R o A P BT I S A8 R
W% BT, HESE ST UR T MEK S, T
MR KRR SRR B R T E R WK,
RS AR AR E S,

B TRk

10

11

12

13

14

15

Chang ] (B 75).Ge Y (¥ %), Fu H-L ({84E5). 1998,
Study on the morpho-ecology of leaves of the main species in the ev-
ergreen broadleaved forest dominated by Cyclobalanopsis glauca.
Chin Bull Bot (##)@3), 15(6) ; 59 ~64 (in Chinese)
Chen X-Q (BE%i#%) , Zhang F-C (3K#8% ). 2001, Spring phono-
logical change in Beijing in the last 50 years and its response to the
climatic changes. Chin Agric Meteorol ( FER IS H),22(1): 1
~5 (in Chinese)

Cordell 8, Goldstein G, Meinzer FC, et al. 2001. Regulation of
leaf life-span and nutrient-use efficiency of Metrosideros polymorpha
trees at two extremes of a long chronosequence in Hawaii. Oecolo-
gia, 127198 ~206

Duan X-H (BRE%), Sun L-F (Fp52K), MaS-R (SHFE), e
al. 2003. The studied of blade of Adenophora potaninii in different
altitude. Bull Bot Res (¥#IHF3T), 23(3); 334 ~ 336 (in Chi-
nese)

Fan ] (f& &), Zhao H-X (RAEERL), LiM (ZF &). 2003.
The specific leaf weight and its relationship with photosynthetic ca-
pacity. J Northeast For Univ ( ZKIbAKL K HE4) , 31(5) . 37 ~
39 (in Chinese)

Gould 5J. 1966. Allometry and size in ontogeny and phylogeny. Bi-
ol Rev, 41 587 ~640

Hang Y-Y ($if5), Huang C-H (HHFH) , MuS (B 7). o
al. 2004. Studies on diversity of morphological characteristics of
leaves from Dioscorea zingiberensis. Acta Bot Yunnanica ( TGN
f#35) , 26(4) ; 398 ~404 (in Chinese)

Huxley JS. 1924, Constant differential growth-ratios and their signif-
icance. Nature, 114, 895 ~ 896

Kikuzawa K. 1991. A cost-benefit analysis of leaf habit and leaf
longevity of trees and their geographical pattern. Am Nat, 138:
1250 ~ 1263

Kikuzawa K, Ackerly D. 1999. Significance of leaf longevity in
plants. Plant Species Biol, 14 39 ~45

Li X-L (ZFEpE2), Li X-H (FE4E), Jang D-M (FHHEH), o
al, 2005. Leaf morphological characters of 22 Compositae herbaceous
species in Horqin sandy land. Chin J Ecol (B % 4E), 24
(12); 1397 ~ 1401 (in Chinese)

Lin X-Q (#K%F %), Zhu D-F (4:41%), Zhou W-] (FHEE), e
al. 2003, Relationship between specific leaf weight and photosyn-
thetic rate at panicle initiation stage in super hybrid rice. Chin J
Rice Sci ( ‘PEKREALEE), 17(3) : 281 ~283 (in Chinese)
Menzel A, 2000. Trends in phonological phases in Europe between
1951 and 1996. In: J Biometeorol, 44, 76 ~§1

Ren J-Z (fE4kF), Liu X-L (X]% %), Hou F-] (RHRIL).
2002. Bio-geological temporal zonation and its agricultural signifi-
cance. Chin J Appl Ecol ( B A &%4), 13(8): 1013 ~ 1016
(in Chinese)

Saeki T, Nomoto N. 1958. On the seasonal change of photosynthetic
activity of some deciduous and evergreen broadleaf trees. Bot Magaz

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3

32

Tokyo, 71 235 ~241
Sheng B-L (F ), Zhao H-L (XYL ), Ma L-B (BEF),
et al. 2004. Leaf characteristics of Ginkgo biloba. J Plant Genet Re-
sour (FEYIRETEREM), 5(1); 65 ~68 (in Chinese)
Wang J-F ( F{814), Feng Y-L ({BE ). 2004, The effect of
light intensity on biomass allocation, leaf morphology and relative
growth rate of two invasive plants. Acta Phytoecol Sin (¥4 5%
i), 28(6): 781 ~786 (in Chinese)
Wang J-W (E®)), Li H-Y (ZE8H), Yang YL (HAIE).
2005. The growth regulation on leaves of four garden shrubs in tem-
perate region in China. J Jilin Normal Univ (Nat Sci) (FMIHTE
KR - HARFEM), 37(1) : 95 ~98 (in Chinese)
Wang X- H (E% %), Zhang ] (3K #), Zhang Z-X (K IE
#£). 2000. Leaf longevity of evergreen broad-leaved species of
Tiantong National Forest Park, Zhejiang Province. Acta Phytoecol
Sin (M ETFEM) , 24(5) : 625 ~629 (in Chinese)
Wright IJ, Reich PB, Westoby M, et al. 2004. The worldwide leaf
economics spectrum. Nature, 428 821 ~ 827
Xiang Y-G ([Aj7KE), Yang D-G (HHiEH), Xian G-H (&%
1), 1991. Studies on allometric relationships of growing from bam-
boo shoots into infantile bamboeos in introduced bamboos for giant
panda at wangling natural reserve. J Bamboo Res (17 -FHE5IC
Ti]), 10(4) ; 47 ~61 (in Chinese)
Xie S-C (H#F &), Sheng C-Y (B4 &), Li 5-C (EHE).
1997. A phenological study on main tree species of montane humid
evergreen broad-leaved forest in Ailao Mountains. Acta Ecol Sin (4
%), 17(1) . 51 ~60 (in Chinese)
Xu W-D (#&3C4%). 1983. The relation between distribution of edi-
ficator and companion in zonal vegetation and water-temperature con-
dition in Northeast China. Acta Bot Sin (FM)%3R), 25(3); 264
~274 (in Chinese)
Xu W-D (#%3C8E). 1985, The application of Kira’ s thermal index
to Chinese vegetation. Chin J Ecol ( £ 75%223E), 4(3),35~39
(in Chinese)
Xu W-D (#3048), He X-Y (fT%J0), Chen W (BE F§), et
al. 2004, Flora and vegetation types in the downtown area of Sheny-
ang. Chin J Appl Ecol (R A A24R), 14(12): 2095 ~ 2102
(in Chinese)
Xu W-D (#R3CEE), He X-Y (fiI¥IG), Chen W (B ¥6), et
al. 2005. Microclimate characters of urban forest in Shenyang City.
Chin J Appl Ecol (I FAEFSEM) , 16(9) : 1650 ~ 1654 (in Chi-
nese)
Xu Y-Q (#%FHAE) , Lu P-L (BEfil3%), Yu Q (F 3R). 2005.
Response of tree phenology to climate change for recent 50 years in
Beijing. Geogr Res (#1BHHF3T) , 24(3) : 412 ~420 (in Chinese)
Yan Z-S (/F500) ,Wang R-Q ( FHi#). 2005. Study on relation
between the leaf weight, leaf area and yield of winter wheat in differ-
ent sowing time. Xinjiang Agric Sci (FraERWEZEE), 42(1) 1 59
~61 (in Chinese)
Yang Y-F (#%#03E) ,Li I-D (ZE# % ). 2003. Convergent growth
patterns of leaf populations of Leymus chinensis and Hordeum bre-
visubulatum of cultivated pasture on the Songnen Plains of China.
Acta Pratacul Sin (BV2E4R) , 12(5) : 38 ~43 (in Chinese)
Yang Y-F (B AJE), LiJ-D (Z=g 7). 2003, Biomass allocation
and growth analysis on the ramets of Phragmites communis popula-
tions in different habitats in the Songnen Plains of China. Chin J Ap-
pl Ecol (N FAXEA2IR), 14(1): 30 ~34 (in Chinese)
Yang Y-F (#23E), Li I-D (8% ). 2003. Growth strategies
of different age classes of ramets in Kalimeris integrifolia population
at the Songnen Plains of China. Chin J Appl Ecol ( B[ 4 &2
), 14(12); 2171 ~2175 (in Chinese)
Yang Y-F (#723F) , Zhang B-T (K[ ). 2004. Clone growth
and its age structure of Leymus secalimus modules in the Songnen
Plain of China. Chin J Appl Ecol ( B 4724 ), 15(11) : 2109
~2112 (in Chinese)



11 1 ROCER S LT AR AR EE R H RS A SR S A K ME 2005

33 YuS-L (FIA), Ma K-P (B 52%), Chen L-Z (FRRZ). A phenology study on the common tree species of natural secondary
2003. Analysis on leaf forms in Quercus mongolica community. Chin forests in northeast China, Acta Phytoecol Geobot ( ¥4 &2 15 1,
J Appl Ecol (RLFIAAR4R), 14(1) : 151 ~153 (in Chinese) HY2E4R) , 14(4) ; 336 ~349 (in Chinese)

34 Zhang F-C (K184 ). 1995. Effects of global warming on plant 38 Zhu X-B (KJBx), Liu Y-M (X#EH), Sun S-C (IBE).
phenological evenis in China. Acta Geogr Sin (HiFE2#R), 50 2005. Leaf expansion of the dominant woody species of three decidu-
(5): 402 ~410 (in Chinese) ous oak forests in Nanjing, East China. Acta Phytoecol Sin (¥t

35 Zhang L (¥ #K), Luo T-X (FK#¥). 2004. Advances in ecological BFEIR), 29(1) ¢ 128 ~ 136 (in Chinese)

studies on leaf lifespan and associated leaf traits. Acta Phytoecol Sin

(FEYIEEFH) , 28(6): 844 ~852 (in Chinese) -
36 Zhang Y-] (W), Feng Y-L (73 £ ). 2004. The relation- EEEr R0 51935 SR AL TENE/Y A

ships between photosynthetic capacity and lamina mass per unit are- BTN ES MR, EEFL X150 58, 24

a, nitrogen content and partitioning in seedlings of two Ficus species 10 EF. E-mail . xuwenduo@ 126, com
grown under different irradiance. J Plant Physiol Mol Biol (¥i¥y4
HE5 AT 22248 ) , 30(3) : 269 ~276 (in Chinese) HERE =REF

37 Zhu N (# T, JiangH (7T #b), Jin Y-Y (£kE). 1990,

R LT 7 2007 £ R A EFFIRD

(R RAERFMR) (1990 F£41T)) 24 EHZ R EAtE B s R E AP RTTREGR S HEEAR Y.
AR B R EFFHICE REFRINTI 10, AR B A TR, R AR SR U AE N B R 5T
T RA QU BT R, SR TR L R R M BE R B (R AR B E RN B RETF AR S

EAERI VA RN AESRE(TERRBBEMESRSE RIASE B AR Bl ESE ARER
AR BNESY SRTAESE BATASE P LASE ASHYN SERRIT BRESE LEE
BE ASTERE MEASY AVYARSEYERERPESE MIOTWESY REESENELSRSR
EHE) NSRS QT RS IR R H iR

AR R EEEMNEESY: M2 A REMPERSEME ¥ AR TSR, ATl
MBI RAF SR ER T THE.

A S FAHRFR SRR T RBZHL R, CPEB I XETD) (FEEYZ ) . £
Y230 (BA) (FEECTLZE ) (CA) B E A2 SUR) (EA) A A CRHEHOR SCHR R ) (CBST)
MR B B CctizsE ) (PXK) - H LR 2 T B A B B8 ST (R 38 30) R Bl (R B
LGRSO ) AN R B2 5 [ SCBOH FE ) SR IR ). A R B R i 2 5K R BIRT Y =, 1992
IR E L FR LR =S LM P B R F T 5% ,1996 5k h E R 2B 5 Bl =% %,
2000 456 4K ERMEBL AT %4 ,2001 4R AGE A E B RI7RESGS0H T, 2004 45 K H R R 2R 2
AHF.

FFIH AT, A4 FA,192 71,5 A 18 HHAR, HIEMN 45.00 5T, 4 E & HBRER (BT ) BT , Bp 2
B8 -98. &t iTHA (o AT A A PSR FEMR I , A~ A ST R A R 30%. ik : 110016 37 745 vk PR 7T S AL #% 72
B FAEAREIR) . BB1E : (024) 83970393, E-mail ; cjae@ iae. ac. cn



