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The response of functional traits of Quercus species to meteorological factors in

temperate zone of NSTEC
FENG Qiuhong, SHI Zuomin” , DONG Lili, LIU Shirong
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Abstract: It was found that plant trait was a useful tool for linking plant and environment as early as in 19th century. Since
“plant functional trait” was made by Dfaz for the first time in 2001, many researches have been done on the relationships
between plant and environment through plant functional traits in the world, but there were still few in our country,
especially those in large scale. In order to reveal the relationships between plant functional traits and environment
( primarily meteorological factors) in temperate zone of North-South Transect of Eastern China (NSTEC) and compare with
those in globe scale, functional traits (leaf dry mass content ( LDMC) , leaf mass per area ( LMA) , nitrogen content per
leaf mass (N

mass

), potassium content per leaf mass (K__ ), photosynthetic rate

mass mass

), phosphorus content per leaf mass ( P

per unit leaf area (A,,,), photosynthetic rate per unit leaf mass (A,,.), seed mass without skin and seed skin mass) of

area
Quercus dominant trees (Q. mongolica, Q. liaotungensis, Q. dentata, (). aliena, Q. variabili, (. acutissima, Q. aliena
var. acuteserrata and (. serrata var. brevipertiolata ) in their eleven core habitats in temperate zone of NSTEC were
measured, and the relationships between the traits and meteorological factors, and some relationships among plant functional
traits ( mainly between leaf traits and seed traits) were analyzed by Pearson correlation analysis and Standardised Major Axis
(SMA). The results showed that the functional traits of Quercus dominant trees changed with environmental factors in

temperate zone of NSTEC, and mean annual temperature ( MAT) was the most important meteorological factors affected the

traits. From the south to the north, length of growing season of the trees become shorter and shorter due to the decrease of
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mean annual temperature, but their A, , and A, increased in order to maintain their physiological behaviors (including
development, reproduction and resistance to external disturbance and so on) in limited time. Both seed mass without skin
and seed skin mass of the trees increased from the south to the north in order to improve viability and resistance of seed to
the decrease of MAT and the increase of mean annual sunlight ( MASL). As rainfall changed, the trees could also adapt to
environment by adjusting their LDMC and LMA and both of them decreased as mean annual rainfall ( MAR) increased. In
addition, P, . of Quercus fell down with increase of MAR. It was probably caused by stronger leaching of phosphorus due to
more rainfall. There were also relationships among functional traits. For example, both seed mass without skin and seed
skin mass of the trees increased with LMA or K rising. Meanwhile, as research scale has varied ({from interspecies to
intraspeies) , the relationships between functional traits and meteorological factors also changed. Some correlations between
the traits and meteorological factors from interspecies were significant, but those from intraspecies were not, for example,
the negative correlations between MAT and A_ . Similarly, some correlations from intraspecies were significant, but those
from interspecies were not, for example, the positive correlations between MASL and A, in the species of Q. mongolica.
The research will provide references to relative researches in the future and explain driving mechanism to some extent about

why Quercus formed obvious distribution pattern of geographical substitute in temperate zone of NSTEC.

Key Words: response; functional traits; meteorological factors; Quercus; temperate zone of NSTEC

MY SRR HRR—ERESFI RN LR Z — DB 18 RERE N N LR 7 BREE A9 2L LI/ BLxt
EBREIREA — MmO ER . YRR (DIRERL) AR BR MR YR, T LU SRS A TS
RGEA AR 1A R R (5 BT KRB IIE B 1) o M oh RE MR TR Oy i e 5 3R B2 (O F
B PIE KRNI AAEEAEAS . K, 2 MY REEIRR B LAY SR ) S R B AT L L B
R B, E R RHCTIFOE AR Z I, TR B B AR REBFST

MR ARG SRR B2 E , AMERE RS HHEW 4R A K R AL, T B X Sh R R B A i
BB, TR TR S B e BRI S O BB AR W b A R R FR A R
TE—ERBERER T RPN ERRES , BN, M T TELM K TE MRS HIN R ERBEA R T RIKTTE TR
A—EMEREM. KREFRY, BEEFFERFRE, — SR 2240, T — L8 AR B 2, 53X
AMESHFFEIERE DR R A TE A BB REE M @ o R B R S 2R
TREIRER,ASCAR B (1) BEE PRS2 (LR BE D 32) , BB W A B & S BRI R B BEZ 2 1k 5
(2) FHA A ZAR AR R T 2Bk 7

7 PR IR (Quercus ) 23 IR ML BAHT e BE B M AR b 2 — M5B A R AR 72 B L AR A A X e b
R B QA B RAE — R BE b SR T LA R BT B E I SR R A SR . TRBE XA ik
BT REBNHEGEE, WA IR R SRR R R B T RIFHRMF . ACErR LR IR X
11 ABRFEH AR T 8 MHRRTIE XS, 18 5 D R AR RS ST AR ) 5 0 5 2 ) (i o 56 2R, 72D LA JG A
KITEHFCARME T Z7 T L IR B[R], 0 08 TR A AR 8 44 7 b BB A 20 A R SR SR AR Sh AL A B8 5 T B2
At
1 ARMRRFARFE
1.1 Hroei s

BRFE b R AL T RIETL AR LT AL TR SE 5 8, 20 BRI LI K B L S TR 0 O CE TR TR
T AR R I FHRFNMERE . H01E A EARFRAUEN L, R0 A7 XA R
PR AR T IR BT o BB FEE R B8 T IR S BRI 2 AR, 48 RER B e e s TR AT
REEEZE R, 1030 B R AR o DR DA A B St G 46 B A 19, T L5 B 9L 22 5 LA A
B, RAFKER A —ERNZER, B B A B X IR FERIER 1 R,
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Table 1 Geographical and meteorological information of the research sites

R/ C FEHEEKE/mn A H RN

LI A 214 7R i/ m

Sites Latitude Longitude Altitude i:g;z:uj:l Me:jne-!fl;ﬁual M:I;E;E:ml
#§ JLLL Maoershan N45°25' E127°38’ 380 2.89 656.57 2478
K 1l Changbaishan N42°34/ F128°05’ 545 2.69 668. 64 2365
VK Qingyuan N41°51’ E124°56' 606 5.78 772.25 2398
EFRTF Laotudingzi N41°20’ F124°55' 636 6.30 944,00 2410
81~ Huanren N41°18’ E125°26’ 350 6.88 807.38 2409
F 1 Caohekou N40°51’ F123°52' 530 7.87 773.64 2303
% 7 1l] Wulingshan N40°26' E117°28’ 1300 8.98 763.30 2760
AR Xianrendong N39°59’ E122°57' 220 9.06 736.52 2453
Be¥5 Jiyuan N35°15’ E112°07’ 1303 13.89 621.80 2245
78J1] Luanchuan N33°45’ E111°39’ 1352 12.12 825.32 2139
5 K& Baotianman N33°30’ E111°56' 1495 15.04 839.92 1937

SRS ERRE RIFH I8, 13RAA E BRI AR | L AR AR AR R PR AR
AR 5F AR A F R RAT AT RTR SRR IR P& i R AR . AP R AR B @i, FEaEEE
#R( Q. mongolica) JLAHAR( Q. liaotungensis) Mt ( Q. dentata) HHAR ( Q. aliena) ¥ K#E(Q. wvariabilis) |k
¥R(Q. acutissima) BLIAHER( Q. aliena var. acuteserrata) J 4B ARAIAR( Q. serrata var. brevipertiolata) , ASWF5E
TEAWEST R R BURE AN B FEPR IR DL AR 2 P o

=2 EWRBIFEHR
Table 2 Research information of the sites
BHFEHLR FiEA Birm PUE=ERIN
Sites Province Species Traits
W& L EyIRAN ik LDMC . LMA M-} 5243
KA L P LDMC LMA M- J 3743 e A AR
H oL ik LDMC IMA M-} 5543 e Atk
ERWTF uTr EE NN LDMC LMA M- J 3743 e A AR
A= LT EE NN LDMC LMA M- J 3743 e A AR
F] [ iy EE NN LDMC .LMA .M R 3743
FRI wdk P LDMC .LMA .M R 3743
LA LT AR RS A B R RRAR LDMC LMA M- J 3743 b FHR ORBR R AR )
- — T — LDMC IMA(GZZRBR 8 AR BLVMBR ) I %45 R F otk (A
BRAIME B AR )

81| R T B AR W | BB S AR R BR LDMC LMA M} 5243 S A AR (BLEMIAR ) R R (R B Ak )
xB P W R BT SR E)KC\LMA\HH#?%%\%%‘&%(%ﬁﬁmﬁxéﬁmmﬁ)\ﬂ’?

I F %43 : N e ( Nitrogen content per leaf mass) , P, ( Phosphorus content per leaf mass) ,K,, ., (Potassium content per leaf mass) ; Y& MR 14 s
(Photosynthetic rate per leaf area) ,A .. (Photosynthetic rate per leaf mass) ; F MR F 7% fe FEAFD 2 T8 ; LDMC: Leaf dry matters content;
LMA ; Leaf mass per area

1.2 Wik

2006 4 7—9 HIEZ BT Xt S PRI DI REMOR AT BFAMIE , HRE—EBE M AR A TEN
. SRMEEKRBTEEFIR G, BIRRH 1965—2004 43t 40a IR HHR-FH1H. X EEIER(E
BECHEUE " GRRHE FHATH R, I8 H A KK R 8. # H047 4R £ 8 43 BT (SMA, Standardised
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1.2.1 MiETYREs

M F T A B (LDMC) B35 A st M A BT & TR 2 1 . BERBIR K, 85 s
HARFD 10 Bk, SHREEERE (mHKH R 2—3 7 B HEREAEE KT 12 h DLk, # 7 ReE E p il &, bE
JERHET I5CHHFAE T 48 h METE, HH TYRESE =" TE/ MHEMEE,
1.2.2 HE

HLH B (LMA) A B AR F BT & TR 201 . B b AL (SLA) F I8, 2 A B Ay —
FRB IR TH A ERIRANZ D, ERTFFRHMIX, R R A B AR 10 ¥k, BRiEEE)ZE 1
mBAE A 2—3 L Er E ARG HE T 75 CrsahHt 48 h & TE, WHE =1HTE/ HEHH.
1.2.3 MAFaSE

xF B REFp 3R o & B A TIE , PR E AEEM i A& &, S8 T ZEHEIEM(IRIS Intrepid 11
XSP) Bl F B S8 B
1.2.4 MG EHESE

% F Licor-6400 3§ & HFFE 1) B AR AN AT GG RRPE T 5E o &R 8 45 U R FOAELAR 5 Ak, BB bR
23wl HEATINGE o T SEE T LM N BRI E , 7E RS CO KT KR BE 4 I 7E 25°C R = HI7E 75%
+5% , RN TG BERE BE L3R, 3R BR I (wmolm ?s™") 21800, 1500, 1200,800,600,400,200, 150,
100,50,0, MRS H WA AR, FFEMAIERT , #4T CO, MmN fiZ i€ . IRBSFAZE, R
H CO, ARG IRMELE CO, ¥ E, B, H 400 umolCO,/mol FF1f, PA 50umolCO,/mol K T [, 24 [% 5|
50 wmolCO,/mol B, FF M 200 umolCO,/mol FF 4, Lk 200umolCO,/mol KK F+ &, H F| 2 000umolCO,/mol,
BRENAERAE 52 WERDPPE51E N 2—3min {080, #REM FRATR(ER) ZRRELEH
FMEHEFRNBAER(ER) GEER,
1.2.5 FprdR

AR AP ER T WAFFHR, 5 F AR TEMME TE, fFrTEE-EBE LRETHFI
HATRE RN Z /D, REKIIF LA BARRFN B I  To B FE MR 300 B (fRIEFFR 8 10 UL LA
), BT 80°CHIMLFE AL 72 h U b, MEFFHTEMER TE,

2 ZBRESH %3 SEETFEXA
2.1 /—:(éﬁlﬂ ?I‘E_I‘I ;Q%i Table 3 The relationships between meteorological factors
N 3 B, WHIE X A B4R 2938 BE 55 47 3 K 18] A FHEKR A H A

Coefficient MAR/mm MASL/h

To 2 WAHR , T Wi ¥ 54F H BB kR fA 7 B & 1) R HIERR ~0.210 ~0.678°

TSR, BIREE B R B3 , 4 3998 B Aok & MAT/C ﬁi‘g 0.918 0-000
11 11

B FEAR SERRRK R P35 —0.498 **
2.2 MHEEBEERSRZETFHER MAR/mm B 0.008
BRI B2 BB HRIR 5K % R T (AR 6 40 BT HAR 11

MAR: Mean annual rainfall; MASL; Mean annual sunlight; MAT.

%%ﬁn%%“ iz %%@i@l‘%ﬂ(ﬁ‘ﬂ@i‘%ﬂﬂ, H+H‘:F% Mean annual temperature; n: #E A& %(; * P <0.05, = = P <0.01;
Tyt B B B R TR B peanonzitt
TR £ S5 B o T A S B L FE 9 T
R TIEAEG [FIE ,  26 R TR £ 5 B 0L 58 RO A B AR 8 T8, e 55
LSS AR
2.2.1 WA SRR

HEET 1 9(a) (b) B, B AF SR BE T, T S4B B TR R £ T 12 A 38, T
ELRTLAT th, B A7 SR BE RO, I B T BUBA O & SRR T DR BE K
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Table 4 The relationships between leaf functional traits of Quercus trees and meteorological factors
log( i i
WO e oAt oty BTG Tos(U e gl
R A 0 Y g, log(Ames  ERASE)  TLEOGH)  LRECE
Coefficient  log( LDMC ) log (Npaes log (K log (P g
/(g/m”)) /( umolCO, /(nmolCO,
/(/ke)) 2 -1 /(g/100g))  /(g/100g))  /(g/100g))
m*s”)) g7s7))
EWERE HX RS 0.152 0.294 -0.860** -0.665 0.096 0.055 -0.210
MAT/<C BEM 0.449 0.145 0.003 0.050 0.633 0.786 0.919
FEAEN 121 120 9 9 27 27 27
EHREKE MHRRE -0.490** -0.603 ** -0.573 -0.276 -0.197 0.029 -0.566**
MAR/mm BEM 0.009 0.001 0.107 0.473 0.325 0.884 0.002
A% 121 120 9 9 27 27 27
EHREE HHERE 0.203 0.276 0.926 ** 0.663 -0.037 -0.166 0.186
MASL/h BEM 0.311 0.172 0.000 0.052 0. 856 0.408 0.352
AR 121 120 9 9 27 27 27

MAR ;Mean annual rainfall; MASL ; Mean annual sunlight; MAT ; Mean annual temperature ;n: FE45%%; = P <0.05,

1.30

2.60

* * P <0.01;r;Pearson &%

b
#1251 ® 255F
z 2
0= 0= 250+
R 120 | R
£ &5,
;1; < jﬂég 245
L g
g 5 £
=S g 2400
S8 &8
§+ 10k §+ N
E & 235
i © re 2
Ey ¢ = .
& 1051 gMA:-0.02027 . & 230} SMA: —0.01746
R*=0.73 P=0.003 N R:=045 P=0.047
1.00 | | | 1 | 1 | 2.25 1 1 1 1 1 | |
2 4 6 8 0 12 14 16 2 4 6 8 10 12 14 16
AERIRBE MAT/PC
Bl HRRUARAESER BNEEXSELS5FNEERAXR
Fig. 1 The relationship between A, , A, of Quercus trees and MAT
P BBV s R« s BB SMA ATVE 3 iRl R
205~ 268 .
2.00 - 2.66 |-
195 264 |-
~ 190 ﬂﬂfn 262
HE | D
£2 1851 F2 2001
23 180 L2 ass|
23 T =)
& L5 W @ 256
0.70 N 2.54 -
° [ ]
065  SMA: —0.0009441 . 252 SMA: -0.0003599 ¢ o
R2=036 P=0.001 ¢ R2=024 P=0.009 o
060 Il | | | 250 | 1 1 |
500 600 700 800 900 500 600 700 800 900
LEHM kB MAR/mm

E2 MHRTUREE.CHESEHEKEEXER
Fig. 2 The relationship between LDMC, LMA of Quercus trees and MAR

P EVEKT s R P 20 SMA e A (R R
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2.2.2 HIhREMRIR SREKHIE R

WA 2 B (a) B , BEE AR 3 RFEK B3 , MR A o B P BE R T s P8 2 1R (b) B, S M B —
B A TS BN REE P R ST T e (EL T R BN TR J1 ) 3 o, BEE F K B

WA, o R B I B BT
2.2.3 HIhREMOIR-S BRI RUR R

WniE 4 Fros  ZErg AU IR X, BEE A B SRR i, AR B R Rl R Rt & R BEZ TR o

logtt ) BT R B A B
log (Pmass/(g/kg))

SMA: -0.0008936
R?=0.32 P=0.002

1 | 1 |
500 600 700 800 900
4K BEMAR/mm

B3 MRREERSESFRABAXA
Fig. 3 The relationship between P, of Quercus trees and MAR

P B ZEMH KT significant level ; R? ; PaiZ R%K determination coefficient ;

130
N
ﬁ _ 125
R
% & 120
3
g E L15|
3
9 < 110+
B 5
ir 2 .
= L05| . SMA: -0.0004481
2 P R>=0.85 P<0.001

1.00 1 1 1 1 1 |
1900 2000 2100 2200 2300 2400 2500
4 H R % MASL/h

B4 HERMEREREXAGERSFHRMHBEXR
Fig. 4 The relationship between A ., of Quercus trees and MASL

P B EMIKT significant level ; R? ; P58 R %K determination coefficient ;

SMA ; v ik A1 Slope for Standardised Major Axis SMA -7 43 R 4% Slope for Standardised Major Axis

2.3 FMTOREREKKETRER

WK 5 Bz, @l Bifh 5k (Pearson MIEAMTEE & SMA 3) X FIhBEtER SRR W FRXRET T4
B, BARBCA LT BE PR SC R 2B, AR T & , BEE 4F B R AR R, M T R BT E K
My TEHSEZMM. SREEML, FHTERTEESGZILZE TR,

£S5 HBRAMMTFHEERESZETEARXXR

Table 5 The relationships between seed traits of Quercus trees and meteorological factors

R WIR7S RE log(Fh 721 TH#) log (it TH)
Methods of statistics Coefficient log( Seed mass without skin/g) log( Seed skin mass/g)
FEBRE MAT/C Pearson AH&4M r(P) -0.613(0.106) -0.569(0.141)
brife RO ELES -0.09848 -0. 09640
n 8 8
SEH K B MAR/mm Pearson AH&4M r(P) -0.386(0.344) -0.483(0.225)
Fofl Al S A RS -0.002662 -0.002606
n 8 8
4F H JE A% MASL/h Pearson AH&4M r(P) 0.659(0.076) 0.666(0.072)
Fofl Al S A RS 0.001152 0.001128
n 8 8

2.4 FTIhREtR S h R PR IR

Wk 6 i, Wi HuM B RS 0, MRE AR AP TR BT E AN B TR I REZ B, B, BEE M
P BRI AR R R AR T 5 B TR T E MR —E R i BARE
2.5 FAZIREMIR 5REHE T E KR —USER ]

SEPRT R IREER SRR A T HIMA R SR INR T s B FRKBRE N, iR TY R &
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B M ESE—ERE LR TR, A A A A R A B B O ; B R T, BAR T
BB RII B BE KA, AT, R AL DL & BRI — A REZ 30 s TG B R4
g n, i T A B B A AR ERTR

®6 HERFMFERIOMNFEREX R
Table 6 The relationships between seed traits and leaf traits
log I F o log It Bfiz log ﬂJr)#i‘iﬁL log ﬂfﬁi‘iﬁ
S hem R L LA ERASR  ERAOR O ERBOR
Coefficient log(LDMC /( g/m2 ) log( Ny log (K e 10g( P pass
/(g/ks)) /(g/100g) ) /(g/100g) ) /(g/100g) )
log 7L TH r 0.568 0.811* -0.321 -0.670 0.277
log( Seed mass without skin/g) 14 0.142 0. 027 0.438 0. 069 0.506
n 8 7 8 8 8
log Fp R T r 0.579 0.812* -0.357 -0.639 0.311
log( Seed skin mass/g) P 0.133 0.026 0.386 0.088 0.454
n 8 7 8 8 8

®7T FREHMHAEBERESKEFEXER
Table 7 The relationships between leaf functional traits of Quercus mongolica trees and meteorological factors

log M- Jy 43z

log M- Jy Bfiz

log M T A wrgs  log MAHAL  log MR BAAL  log My Hfi
s opman TR WURTRE RWUERE Cemman  mmwan  mem
Coefficient  log(LDMC 8 N iy e log( NV e log( K pps log( P s
/(g/m*)) / ( umolCO, /(nmolCO,
/(g/ke)) o o /(g/100g))  /(g/100g))  /(g/100g))
m™s71)) g s7))
SEHIIRE r -0.053 0.544 0.893 -0.205 0.088 0.253 0.009
MAT/C P 0.910 0.207 0.107 0.795 0.852 0.584 0.985
n 7 7 4 4 7 7 7
EHIREK R r -0.737 -0.712 1.000 ** -0.570 -0.426 0.237 -0.288
MAR/mm 14 0. 059 0.073 0. 000 0.430 0.340 0.610 0.531
n 7 7 4 4 7 7 7
4E H BB r 0.577 0.789* -0.217 0.041 0.029 -0.290 70.061
MASL/h 14 0.175 0.035 0.783 0.959 0.951 0.528 0.897
n 7 7 4 4 7 7

3 Wit54R

ERRREPITRM, BERER TR YA RS S (Awe A, AIEIRT , RS CO, M BET
AR ) AR AR A RBIESE T — R (£ 4,8 1), FElRFRTX L, i 2SS E N
I, R R, AF 5 B R B, BRE R A A K Z g0, M R E BB T (A Aue ) BEEZ 3800
(r=-0.860,P=0.003;r = -0.665,P =0.050) , ;X IG5 AR YE M F I GR (B 1.4) o FERIIUAEHT IR
X EIALER , BRJE B R A A K AR B, 7R A PRI TEL Y, B TR BRI b s B R R RE L AL
Yy, XA TR R AER R E B R ARBASR TS 2 @ WAy, B R T, i B R
A BRMURHOE A RE SRR A EZR ) E — s B AR AT AR BIUESE , 3 7T R S48 A AR AR &
NEFA R (RN, ZER LR X, fRg 2=t , BEE IR AR, 4R 3 F R A N, Xt oA B
A A RE IR AL T RAF SRR, AMEDDE SRR 2 251, B IR B in & 78— e B2 B3
Iy A TE AR X G A PR AR R, AT A 7 OB R (A e A ) (1=0.926,P <0.001 ;7 =0. 663,
P =0.052) , JuHE AT AR F GG d AR WAL, BEE AR K B IN, AF R M A A A RS R
B TR H(r = -0.566;P =0.002, 41 3 fif ) , Wright 45 56357 m BUR AR B O BF S LA 8] T 4L 25
o FERTALRRHE IR X, 2405 R BT AL A B 8 O F R, B i A B R AR AR A O B R
T ELAR X 523 X A TS BAAS 5 S 00V 103 25 B, 3 AT BBt S 300 T i X AR AR b Ik 0 1 G P TR
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BRI RS, 3 AT BE AL YE N B OB SR A (IRIR R IE ST 45) G R . ARt M TR 5 <
ZAFHBANFERE AR RR (XTSRRI E T DA R) HI0R 5 B, BEE 4 3918 B 1R
4E H BB, A LR THE(r= -0.613,P=0.106;r =0.659,P =0.076) . f fz T & (r= -0.569,P =
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WRRA TR TEMME TEYHZ BE8 N (r=0.811,P =0.027;r =0.812,P =0.026) , X 7] REZHHY)
X AR IR 1 —FhiE By, FER AR IR DX, RS LR IR BE A A, JR Pl IX [ K &2 th Bl Z R AR, AR S vt
TR R 28 B Y st 45 B B 7 =ORIE N A5 AR AL, B FP Sl 38 b f T2 k3 b B B bt FERe T,
1T IR T35 B TR R B AR B SE A, TS I IR BB RS 4 1F T I AR A7 RE 1 122 i e
TG R EE (LM B R K SRE R AU T R

HHE WA TYRSEYE—ERE BRE T YRR IR A S . Wright '™ 48 A x4
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MEXR, XML ENESR, TR SBER E R G4 KR ER2ZERE X . —aA Nk, 3R B He
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B ERIE R AR BE SO [RIA, BRI R B B K, X e — B B B3R T R Rk
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¥, SHTEAH L, U R IR ARV E BEARBRAR PR, X BUE BT Y% R85 5E B ) — 7 sX—— b [R]
o 27K SRR B , BRIB W A E 2538 5 VA5 L e B AN T B Bk R FR SR ; HOR, T RE TR IR (] 2
TEFE—RERIMISEE R, BLRTSTAR B , 3 Al A 6 56 738 B oh RE MR 5 3 5 IR 7 ] o 2R R A A s ' 5 1tk
Hh, BEEDIF RE R (R RE 2R ERE) , SRR 5 IR H TR R W21k

hitp : //www. ecologica. cn



21 8 KL A FE AR IR X ARRAN A D REHRAR XSGR 7 #y i i 5789

References :

(1]

Dfaz S,Cabido M. Vive la difference ; plant functional diversity matters to ecosystem processes. Trends in Ecology and Evolution,2001,16(11) :646-
655.

[2] Aguiar M R,Paruelo ] M, Sala O E, Lauenroth W K. Ecosystem responses to changes in plant functional type composition: An example from the
Patagonian steppe. Journal of Vegetation Science,1996,7(3) :381-390.

[3] Feng Q H,Shi Z M, Dong L L. Response of plant functional traits to environment and its application. Scientia Silvae Sinicae,2008,44 (4 ).
125-131.

[ 4] Reich P B,Ellsworth D S, Walters M B, Vose J] M, Gresham C, Volin J C,Bowman W D. Generality of leaf traits relationships: A test across six
biomes. Ecology,1999,80(6) :1955-1969.

[ 5] Wright IJ,Reich PB,Westoby M. Strategy shifts in leaf physiology, structure and nutrient content between species of high- and low-rainfall and high-
and low-nutrient habitats. Functional Ecology,2001,15(4) :423-434.

[ 6] Aerts R,Chapin IIT FS. The mineral nutrition of wild plants revisited: a re-evaluation of processes and patterns. Advances in Ecological Research,
2000,30:1-67.

[ 7] Roderick M L,Berry S L,Noble I R. A framework for understanding the relationship between environment and vegetation based on the surface area
to volume ratio of leaves. Functional Ecology,2000,14(4) ;423-437.

[ 81 Rebbeck J,Scherzer A J, Loats K V. Foliar physiology of yellow-poplar ( Liliodendron tulipifera L. ) exposed to Oy and elevated CO, over five
seasons. Trees-Structure and Function,2004,18 (3) :253-263.

[ 9] Sterck F J,Van Gelder H A, Poorter L. Mechanical branch constraints contribute to life-history variation across tree species in a Bolivian forest.
Journal of Ecology,2006,94(6) :1192-1200

[10] Saura-Mas S, Shipley B, Lioret F. Relationship between post-fire regeneration and leaf economics spectrum in Mediterranean woody species.
Functional Ecology,2009,23,103-110.

[11] Santiago L S,Wright I J. Leaf functional traits of tropical forest plants in relation to growth form. Functional Ecology,2007,21,19-27.

[12] Wright I J,Reich P B, Westoby M, Ackerly D D, Baruch Z, Bongers F, Cavender-Bares J, Chapin T, Comelissen ] N C C, Diemer M, Flexas J,
Garnier E,Groom P K, Gullas J, Hikosaka K, Lamout B B,Lee W,Lusk C,Midgley J J,Navas M L, Niinements U, Oleksyn J,Osada N, Poorter H,
Poot P, Prior L, Pyankow V,Roument C,Thomas S C,Tjoelker M G, Veneklaas E J, Villar R. The worldwide leaf economics spectrum. Nature ,2004 ,
428(22) :821-827.

[13] Wright I J,Reich P B,Comelissen J H C,Falster D S, Gamier E , Hikosaka K, Lamont B B,Lee W ,Olekssyn J,Osada N, Pooter H, Villar R, Warton
D I, Westoby M. Assessing the generality of global leaf trait relationships. New Phytologist,2005,166(2) :485-496.

[14] HeJS,Wang Z H,Wang X P. A test of the generality of leaf trait relationship on the Tibetan Plateau. New Phytologist,2006,170(4) :835-848.

[15] Wright I J,Groom P K,Lamont B B,Poot P,Prior L D,Reich P B,Schulze E D, Veneklaas E J, Westoby M. Leaf traits relationships in Australian
plant species. Functional Plant Biology,2004,31:551-558.

[16] Wright I J,Reich P B,Comelissen J] H C, Falster D S, Groom P K, Hikosaka K,Lee W,Lusk C H, Niinemets U, Oleksyn J, Osada N, Pooter H,
Warton D I, Westoby M. Modulation of leaf economic traits and trait relationships by climate. Global Ecology and Biogeography,2005,14(5) :
411-421.

[17] Falster D S, Warton D I, Wright I J. (S) MATR ; Standardised major axis tests and routines, [ 2008-10-12]2003, http ;//www. bio. mq. edu. au/
ecology/SMATR/.

[18] Comelissen J H C,Lavorel S,Gamier E,Diaz S, Bunchmann N, Gurvich D E, Reich P B, ter Steege H,Morgan H D,van der Heijden M G A ,Pausas
J G,Pooter H. A handbook of protocols for standardized and easy measurement of plant functional traits worldwide. Australian Journal of Botony,
2003,51:335-380.

[19] Reich P B,Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences,
2004,101(30) :11001-11006.

[20] Wu W H. Plant Physiology. Beijing:Science Press,2005:117-175.

[21] Wang S P,Zhou G S,Lu Y C,Zou J J. Distribution of soil carbon, nitrogen and phosphorus along Northeast China Transect ( NECT) and their
relationships with climatic factors. Acta Phytoecologica Sinica,2002,26(5) ;513-517.

[22] Andrea R P, Wolfgang S, Jiirg S. Seed weight increases with altitude in the Swiss Alps between related species but not among populations of
individual species. Oecologia,2005,144 :55-61.

[23] Leishman M R, Wright I J,Moles A T, Westoby M. The evolutionary ecology of seed size // Fenner M ed. Seeds: The Ecology of Regeneration in
Plant Communities,2nd edn. Wallingford, UK: CAB International ,2000,31-57.

[24] Moles A T,Westoby M. Seedling survival and seed size:a synthesis of the literature. Journal of Ecology,2004,92:372-383.

[25] Van der Werf A,Geerts R H E M, Jacobs F H H, Korevaar H, Oomes M J M, de Visser W. The importance of relative growth rate and associated
traits for competition between species during vegetation succession // Lambers H, Poorter H, Van Vuuren M M I, eds. Inherent Variation in Plant
Growth Physiological Mechanisms and Ecological Consequences. Leiden,The Netherlands:Backhuys Publishers. 1998 :489-502.

[26] Niinemets U. Global-scale climatic controls of leaf dry mass per area, density, and thickness in trees and shrubs. Ecology,2001,82(2) :453-469.

[27] Wilson P J,Thompson K,Hodgson J G. Specific leaf area and leaf dry matter content as alternative predictors of plant strategies. New Phytologist,
1999,143.155-162.

SEH:

[ 3] VHBkLL, seAE R, FEHHT. A2 R TR 45 iy i S o P Aolb B4, 2008 ,44(4) 1 125-131.

[20] ER4EAR. AE A B, Juat. Blaf At , 2005 : 117-175.

hitp : //www. ecologica. cn



2008 £ AW FR BW 5 SRR E F /710 ZH T
(16F 2009 4EAR CSTPCD i)

e A

e A ouma ol ston | One 1T Joumal inpat fr
1 EFER 8956 1 EEER 1. 669
2 N FAE SR 7979 2 TEERFR 1.656
3 YA RF M 3742 3 N SR 1.632
4 FEAbAE Y= R 3584 4 Yt 1.474
s JOURNAL OF INTEGRATIVE 3460 5 ERFLE 1.276

PLANT BIOLOGY 6 HIYI2L B R 1.058

6 T AR B 5E T 3187 7 T2 4R 1.046
7 IR 3148 YRS FEY%
Y 2142 s 24 1034
9 HEYAEBS S FEY¥FHR 1855 9 BEER 0.887
10 B HmZE#R 1580 10 1B 0.835

* (AR 2008 AETERLL AR 1868 FRH A TIHEFF H B 95 35k 8956 I, £ EHE B E 2; EmE T
1.669, & EHAERSE 14555 1 ~8 JmiEsk 8 SF AR E A AR FAAMT; A ER &SR

HEMEME: fLaie PATHRE: XIRE B &

$£30% F218 (2010411 A)

(SHENGTAI XUEBAO)
(GEAT 1981 4 3 HAIH))

ACTA ECOLOGICA SINICA
('Semimonthly , Started in 1981)

Vol.30 No.21 2010

E= ] 3B (AESEWR) HEES Edited by Editorial board of
Hidik U IE X AUE BE 18 5 ACTA ECOLOGICA SINICA
IS % : 100085 Add: 18, Shuangqing Street, Haidian, Beijing 100085 , China
Hii : (010) 62941099 Tel ; (010)62941099
www. ecologica. cn www. ecologica. en
shengtaixuebao@ rcees. ac. cn .
+ B omeks Shengtaixuebao@ rcees. ac. cn
T = EF'EEI\ B2 p R L Editor-in-chief FENG Zong-Wei
* ; i E ﬁiiiﬁ %E Supervised by China Association for Science and Technology
o E R 22 p A ARSI L Sponsored by Ecological Society of China
ok LRI R SO 18 & Research Center for Eco-environmental Sciences, CAS
H]Biﬂ[gﬁﬁg .100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H R 4+ & 2 X it Published by Science Press
Hidik b A EBARILE 16 & Add:16 Donghuangchenggen North Street,
MR B 2R B 100717 Beijing 100717 ,China
ER R AeEACARER R Printed by Beijing Bei Lin Printing House,
£ T4 & & K i Beijing 100083 , China VA S—
Hihk R EAR LA 16 5 Distributed by Science Press 2 N—
BRI RS : 100717 Add ;16 Donghuangchenggen North o
Eﬁ 31(910)2142)34563 Street, Beijing 100717 , China L ==°
-mail : journal@ cspg. net Tel; (010)64034563 o =——=m
Y = : — O\
) ,m?- é@%ﬂﬂﬂ]ﬁa = E-mail ; journal @ cspg. net S — O
B &7 FEEREEASEBAF Domesti A1l Local Post Officen in Chi =——o
HhhE jt:‘?’: 399 1%—%@ mestic ost Otffices in China 5 8
R B 2R HS . 100044 Foreign China International Book Trading o =:
FrEsE o Corporation H =~
W A CVELEFA 803 S Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 4= - —— —
N T AN 0 ERMAFELT EWEREKS 82-7 EsEITHS M670 Ef 70.00 5T

CN 11-2031/Q



	21.jpg
	21ml.pdf
	a73.pdf
	a74.pdf
	a75.pdf
	a76.pdf
	a77.pdf
	a78.pdf
	a79.pdf
	a80.pdf
	a81.pdf
	21fd.pdf

