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1) V422 3 TR DY AL /K B IS PR AR A O PR E A SE I L P 22, 710048 5
2) RHGE s BB 5 BT IR ST BT il KO PR R G B A SE R L b . 100101

WA E 0 T B U DX o A A o R R B R TS RO O 1 AR . A R et C (ELE B
RSN BT S C 28 LA 22 4 TS AP A oty I /K U — A ST A 54k . e o™ Co, {85 R BIAR 0F A 4 ik DA %
MBS B AU B AR L3 Con (LI oK AN A BOR LR P Z 00 . BE X BT A2 (e
— L i), 48 LA R R 0 R A (7] A2 2 2 1R T AL e A O A BB A R Y [ 3R IR T T . 2 N R 4R R R
EARRMAPFEER S 30" Co (HZ M F Ll E S AL 0T 50 T8 I

KGR o bR A PR TR AL B 5 AL s ol M s i A

TE 3 E PG AL b D) 2 43 A 1 8 by 197 4
HA 8 Ry TR G 3R RV 1 i S P L il s T
Bt LUK 9 A 28 A0 0 AR 25 T A0 I S 2 F 5 A 1
A ZSTEAL S BRI A Y R AF S i . LR Ak 36
L EE S5 AU B 4 0 P 3 e R o - OB e R UM
WA AR 8 B 14 HENDE B B9 058 R (X
%4, 19855 An et al., 1991; Lu et al., 1998;#)
#Hdr, 2005),

R 22835 Tl WF 90 v 4 — o RIDIRF 51 iy
- HEAT BT B ) 157 25 (0" Cone ) 4 AR - A 2 T iy 4
109 728 Ak LA e AR R 1 oty e Aty B A2 Ak . 7 L )
WFIE o, 32200 5 5 T 60 Con (1 19 72 b 2K 58
b AR T D X DR 1) K A0 A 2 B Y A
1o, I8 6V Cor (EAE O B B KU I — DA
PEAE bR HRASHESE . 19925 An et al. o 1993), K% 8
e SR R A A A AT ST TR R
Z 17 H R 580" Cou (B R 8 510 3 523 3 1 1
i b DX oty AR B oy A AR A IO T A SR
TR (He et al. , 2002; Gu et al. , 2003; Xie et
al. ,2004; Natasa et al. ,2004; Liu et al. , 2005a,
2005b; B E AE, 2005), A EZRA T H L+ —
o RGO 51 b 36" C,, fBLE A 1 52 A8 Bk
F S A ST R L O X0 A GBI SR AT T R A5

JEH
1 30" Co fH E AL TR E i FH BT
AT A A
L1 i ER

H AR ARG Bl A= A AR 5 36 S 1E B AR 10 A
[, m] A4y R Cy .Cy A1 CAM RIAEY) = K26, C M
PALSE T A B TR AR R 2 B0 R B A A W) LA e A
BEER MRS, 07 CH 1Y 2 4k Bl 7E — 32000 ~
— 200602 8] 7E — 27 %5 BTt LA M R b s . Cs Ol
HERI AR - EaER
K CO, MR B m FNANIE 1Y i A T AR (H 2
Xof Yt FE A Aok v 20K AT AR BV 1Y 45400 AT
(Deines, 1980; Ehleringer et al. ,1983; Ehlering.,
1991, C, 1Y FEAFEZER (Chenopodiaceae) Fl
RAEL (Gramineae) W HB 73 AH Y » T K A= 302 8
TR B R C, AE ). o8 CE A2 AL S Bl 0 7E — 15040 ~
— 9% 18] AE — 1300 Bt th B AR R de i . G A
WiE SRR T AR U HAAE A KR
AR RE. B2 W CAM Y EL 20N #
FLE 0 TR ) 0" CAE A8 fb 1 i A8 58, 7 Y (E A
TC MM C MY ZH, 24k —17%, # %,
CAM H ¥ AXAF TE TR 5k 19 A2 25 BR B8 b Cln i 50

A SR [ R T ST R R TR H (4% 2007CB714100) FIBE TG4 H AR 22 L 4 (G5 2007D02) \[H R F # I L 54 (i
20096118120016) , 1 [ 1 +- J5 Bl 2= £ 4x (4“5 20080430543) B¥ Bh It H 19 il .
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(Cerling et al. ,1993; Smith, 1982),

Farquar 55 (198D WF5E 1 HE ¥ o 14 8 7] 452 3R 43
T IFE N T A R ) AL 3R 1R R S A
VB N AW Y 5k [) 12 3R 20 i R CO, AL R
2SN AR ) A B R ) R R AR Y iR () 2 3R 0 1
SRR MRE EER AR IR RO IR &
1 VR CO, AR B ST I 572 Wil Al 4 01 C2H 00 A< fe
A5

T P F ORI TR B AR KRB R
PORDLA 255 R, TR FDE & IR B A W)
(TE¥8 i X 22 C F C M) 196" CIEAF
TER R 22 5 PR SRS b C/Co YA
oAk 100 2 G AL 0" CHE I R Z g (5 &, 3%
bl DU R 91 oh O A 1 A LB R [ 3 R
5 EJE R B G, /Cy AE B AE X E AR B Y
R4 ek

[F] B, A A A S 23 0 AE W) 1 01 CH 0 AR 1 2
T (Cy /Cy REAH XS oA 14 43 A 7 AR 520 X 26 52
Wi 2 7% - AL A5 B AP DRAF T R BTG (8] 42 52 Mg
A A LT A Bk R 7 R AR . PR R B
T VIRUT A AR AF Y A LR R 6L R A5 S
AL DS 3 TR s 3 A A A

X 26 A B g I il R S
8 12 3980"° Con (B AE Tt Ak T - 38 TE 0 IS 300 v A 5 A
AR B0 B BRI A

TE A T - A WIStk [] 57 2% 4 A8 B T oty A 9 Al
AL R OE T L A B AL A LB AR
2 P A ) 67 3R 0 1R 2 — > i R A [ R
) DA 22 LB 02 3 5 A4 il IR PLS R — A8 K
FAZ 2R 3k A 7E X S 3 72 b ] BE 2 7 AR B TR 4 R
o3 AHSCHIESE N DUXE it © #-4T T RE M5
{EAS B A A T2 45 R AR S AR

BTN AT BT Y Bk (] o2 3R 20 A
Vo IR R # R Bk TR AL R 2R R OE 100 A A
(Melillo et al., 1989; Balesdent et al., 1996;
Cerling et al. ,1997), ZBE S (199 7E#H + & R
HOPE PR XA 11 A M SOR AR T 3R JE b X Y
Sem PRAE Y 5 0 A 38 b A A W AR IR AT Tk (W)
BRI SG5A 8 A RUAE Sem TR AL (YA #) 5% 4K
T 1) 57 2% 2L 1 L 3 )23 A FEL TR 1140 A 0 5 AV ke ) 67 2 4
JR IE P24 1E 0. 8600 1T 55 3 ANAE Sem ALY
T B A Ttk 1) A7 2 AL S b 2 )28 4 A 0 B AR 5k ) 7 3R
20 R B 7, R 62 0. 33%0. 22 (2001) M
F 68 PG At b XY 32 )2 £ 58 (0~ 10em) BL /9 A AL 5T Al

b P HE B 1 Bl (W) 2 R A AT TR LU BIE S L A D R
J2 A AL BT (Y 0" C B 22 38 % 0, 19 AT B 7 349 it 1F
2. 2%0. AN [F] A AR 2SR P 1 T4 B 5T
N SR X B — A B R AR B R A HL BT Rk TR
MR AT THFFE . Wang %5 (2008) B T 3 44l Cy
W 55 25 F T Y 0 T T s AL R
AF R 4 4 4 0 CAHL » 45 5 3 W 301 T vh 3R )23 - SR IG
A L 0" Co fH LG 1 A8 P 19 0" CH 2 43 3] i 1E
1. 8% F 2. 8% A4 . Chen % (2010) i 32 % 57 M 1)
R X 4l Cy AH g — 1 498 R G A BL T ik R 67 2=
H IS T8 MY .0~5 cm JZ2.5~10 cm J2
Fl 10~20 em 384 HLT0" CHE B IR AR 85 53 51 °F- )
P 1FE 0. 56%0.2. 87%0. 3. 04%0F 3. 49%,, TELEEH %
5 Tl iy DLk KRS CO, ¥ B R 6™ CHH 28 Ak X 41
YR AL 2 52 0 IS s A 25 IA S R oy 4 3 L T i
T A RE AR N ZEDFZIE 15T MIEIEE.

A 6] G VR TS B A A B AE % AL - A L
T B AR Y B W) R A0 AT RE AR TE £ R
Wedin % (1995) B 58 T 50 A KL W) 43 i FE 1+ 4
FERIN iR e sl bR - LR VA . (W N i B e (|
Y AR Y AE 53 i 3o o 7 AR Bk [ 62 R 2 TR 1A
FABC 1 Ff Cy AP 0" CIEFEAR T 1. 5%, 1 73 3 Fil
Cs Y OSU"CHEH WM T 0.6%., Connin 5§
OO HFFE T T RAZ ARG H YR R E KW 0
I R Al R A7 2K AU L 4 R B R S [R) Y R R AR
TE 53 ifk 09 3 R v sk ) 2. 3R 488 1) /NN O A —
¥ Pinus elliotii CEF M8 09 5% K 76 43 figt 1 72 vp %
AW 23] B B Bk 5 L &K 5> i85 Schizachyrium
gerardi (C, B FR AR 10" CAE AE 43 fft 1) AT WA 4F %
T 2%, W J5 SRS A 34005 41 5. Drypetes glauca
CRE D B A4 0" CAE £ 43 il 1) 5 — AR 3S In T 0. 5%,
SR — HASE BB 5 AE XA FRIR. B8N K
[R5 28 4 188 32 8 7™ A T A 0 B AR 4 fik 1) L B I Bt

0 % Ak Ry - HE A DL 5T 3l i v %) ik ] 5 2R 01
T A0 R AN [ A AR AN PR B O W) A A
FARICC, \COH P A 4318 RN WA A H] . 8
JEh Xt C/Cy YR S A S RG MY 1L
iy A BT AR v i ke [R] 67 2R 4318 ) AT R T
i %k .
1.2 MALTETC . AEEXRETEK

FI ] 36" Cone {H K 5E ALK 5l A, —
B MR AES R 10" Co (i 5 B K AR
EZ ARG R R 45 A | il Rt rh iy
T A PRI R A7 2R A5 . ok i b 5T s 5 Y
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Hatte % (1999; 2001) %5 5. 1 K R 8 £ Ui 1
) A LT A ot CHEL I T 21 5 & A K &2 o I 7K
MBEFE . 2 R B WA A LY Bt
(9 52 2 P D SRE B0 S P 8 A8 Ak i & 2 b R R
T 8 A EMREIAL T AL O CIE S
RFEK BRI Ho oy T H TR Be sl Cs AR S5
T 3 BLBT Y 6% CHEL 5 i B K Y 42 A OGO
Pt 32 FZAR DG TT B8 L A 3 T A 7 7 ) 3 1 Yl b X
Nu? loch FJ T A UK VK3 1) B 7K 22 4k, IF 55 48 [F]
XA & BT #E 4T T % . 2005 4%, Hatte 5§ %)
Biomed AL AT T 0t iz HRAES RS
R LB R A B AT 1A G . AR B P R A Y
A BB [R) 17 2 A5 2R H e M 56 % kL, Hatte 4§
iz FI WU I ) Biomed A5 i Ak HE A T4 [ 3 B
48 Nu? loch FTH 8. 5 J5 4F LASKE Y il Bk 28 4k

Lee 55 (2005) {iT 7R 3. H & 1 X CR AL H O
34°14'24"N, 106°55'30"E % 51°35'08"N, 100°45'
49"E) , B A [) A3 fi AR 4 28 Y X, A6 A 0 0 A K
Z2(8 A0y K R T R JZ L HEFE 5 FAE Y FE &
I 5 H A AL A B TR 0 26 A s b . B gE A5 R R
B i KN B R 2 LA VLTS CEY 5
~9 J iR 2 A R MR,
{5 Z B AR O E RIEALF . fEFINNIET 5
R 2R I A X 3 K s 45 o AS [] 06 & AV T 2R B A
Vo3 A B OB R 2R DURR ) b 19 B DL Bk (W] 467 3R 4
BCAR Ak AT AR oA = A s T A o K AR A

MR Farquar 48 (1989) 5 F 48 ¥ ik R v K 4318
HRAMEE R Z 0 &R MU e /Y 16" CIH
HINZ Z AR W0 . 76 B 18 5 X, B
F Co/Co AR YA N A= W 1 A8 Ak 32 22 57 B K R s ol
TN 1A AR 0 1 5[] 57 28 20 i B 3 38 o] 2 46 H
Al i fE 1 B K1y 4 1 (Francey et al., 1985;
Schleser et al. ,1999; Zhang et al. . 2003), H R HY
TF 5T 35 2 340 S 4 v 7 9 7K Sk A8 £ XA 4 e 7] 7 25 4
B

2 AR (1998 WEST 1 7 8 g J 2R AL vl BLACAH
Wy 1) ik [R) 7 28 4L LR AE » BR 5T T 4% B 51 5% IR X A
Y16" CAE I 5% WA TA A B8 T RIS g 2 52 T 3% by
XA 40" CIE AR fb 1) e T B A B K e I st 38
25 A R R A I oV CHE i . Liun 4%
(20050) 7£ ¥ = 13 J5E b DXV AS [ 19 8 7K B B2 0F 9 T

AR AR 25 R G0 v iz b DX DO AR AR R R (R
F P R AU D 96" CAE AR 1k 5 R K 1 A1
KRR RERE R C M C MY CHEY S
AEREK B ARG TR C O R . Liu 48, 72K
S A AR EL A9 S R % % 18 ) B K AR Ak X A
A G CEM ., {H Wang 28 (2008) [ BF5T B 7R
5 Liu 58 (2005) N —FE R 2518 . Wang 45 38 i I
SE P E A AN [ B K b X Gy F Co A Y
SUCHH, B th Cs AP CIH 5 4 ¥y B K it 2 [H]
FEAEAR ST B S 56 10 C, 0" CHE 5 4 # B K
WA LR FEHERR.

RWEIR I R W] T 2 5 A ) 1 0" CIE
A I H T Z AR — WA C O R . B &L
AR A XA 0" CAE 1) 5% W 23 76 38 HLI S B b £
£ N K XA A PO CHE 2 & Ak 8 i ly
Ref K ) B AR 4R

Ning 45 (2008) 3 4 2 + = J2 AL B SR AR & it
FRIGBIEFELE B 08 T A R AR B (Cs L Co) 1y
O RN SF K EZE MR IFELGT
AT H IR Co A5 Y0 AH X B 6] 55 45 R K i
Z A FE S5 38 (An et al., 2005), @~ 7 1 1%
0" Cone [ FAERE K ALY — 0 IR K RBLAY, F]
F#E il R TR B R AF 1 3 LR [
R B AW A E A T b R R
FH e Hb XY 130ka LSRR B FEK 4L . FEZBER
. Ning 5575 18T [ T AR B 24 780 A5 Ak R ) Ak A
8" CAE AR Ak 1) BUEE 5% M R0, T &S T 3
BLJTE O™ CIE 5 4F [ W i Z (B A DG R
1.3 FALESE"C EEENEEHER

FIH A 480" C, 18 22 2 A0 &k F 1% 00 BF 52
F B R AE A A ML R M5 B e B Ak
C, MW TER B R G vh BT 7 AR XS o). Lo A%
i Jeiz T iR iR A B Ok 8 C M WA X AR
Wy i 1 LA

8% Croe =Fs"C,+ (1—F) 8% C, (1)

AR D H 6% Croe 07 C 0" Cy 23 B R + 1
AL C, YA Cs AW 0 R AL 28 AL (o) S F
Fon Co MY AEREAE ZR G0 P T & B AR T EE A

Liu &8 (2005a) i #5 FIAF 5% 7 8% 4 e Bt 2k
RGP LA R Z A DLk R 7 R 4
B AR R L m X C i C A Yy
SUCIHAY A —27. 3% 1 —12. 6%, Liu Z% & T
A WL R [ 07 28 X B 4 A B ik ) A R IE
1%, FF L —27. 3%, F1—12. 6% fE R C, F1 C, W11
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-0 CIE iz A (DA S T 8+ m A AR
ARG C, MW G128 27% . AR
s Liv 455 T W H B R A B PH IR IR E 5
ANHE T R 35ka ISR C, AW AH X F
A e H B AL O ClE &Rt & G/
C, HL 9 A1 XF e 6 A2 4k 1Y ] 5 48 #5 (Liu et al. ,
2005b),

K FH AL 5 2 o LAt 2 38 058 3 - AT HL
B [ 67 R Al B A 380 i o s sk 3 ) €, /Co Rl 90 HE 1)
AL AN [/ A BF 58 N B HL C L Co AR Y F 3
O CAE A BT 22 3l I H X E 9 7% A6 A3 AL T it 72 v
B A A &= A AR BB F WA —H. Gu &
(2003) 2 B 5 [5] v 38 O D AR R I 55 b, + 33 7
ML Co AP B R o B LA — 149, 1 — 24 %,
1R Co F Cs HPRYF-250" CLE L 24 (D A5
PR g D b S A R AR 5 A SR ] TR YK
2R C MY A X A2 b, Natasa 5§
(200 M L 42k C, Fi1 Cy HP 10" CF- ¥ {H (G333l
Ry — 1300 —27%0) V5 Ry it JGAEL » A 7% AR W) 56 4k
A BT Ik AR v s [ 2 2% 23 4R R BT A D A
X422 38 ) T 620ka LAk 1y = Be oy 4 3 (S0, ST,
S5) 2 FH b R A Z Y Co AR AR X L ]
VAl S. He 5§ (2004) 2R I 7 AH A /4 3 o0 (8 (C,
A1 Cy AW 53 30 R — 1300 F1—27%0) , 25 F& - HEAT HL
JBT A5 X8 I, 1 A B e ) 7 3% A 1E 1060, Al R T il
gt ) T 4T tE R C A A AR X L]

Zhang %5 (2003) ) 32 515 1| ] 3 A7 HIL 5T o 119 5
TR (R 2 R A 550 Co AW B AR Lo o] 1 3 5
D RIS A B Ay A T 4 A AL
TE ot e 1 e 7] 57 3R 20 8 9 43 3 A — 21960 il — 36 %0
YE Co Fl Cs HEH 6" Coiii TTAE 38 HT1 A =X (DA 53
T 170ka DASK iz M X C, A6 W) B9 A R LG B, OF 5
VOSTOC vkl 5 i KA CO, W AT T X H

R CR G B ATHE C MY A EY)
AT Y — A R C A Cs A )
)F- 2167 CIEE 5 C M AR AE Y =284k, JF A
25 IS8 N B i 398 A i JC AR AN AR [R] . A0 i e i
(Z=AE1445,1998; Liu et al. , 2005¢c; Wang et al. ,
2008) 7 P i S AWK R A R AR C &
TR 51 2D S X YR A 50" CE ™= A4 %
M), 26 Ak B84 X A= ) s B B — A~ [ 2 9 i oG A AT e
SEAN G IS 1, I T B B K AR ) AR A B 6" CIEL
8- 2 IR e = I 0/ e n NI A e ¢ o L1 DS e o < 3 W s K A
B AEE AT, & &% T R X AE A [A] f R A

B0, - T A AS4E TE (Liu et al. , 2005¢;
Wang et al. , 2008),

An F(2005) 3 i % 8 - & B 4 v B4R B A
SRGC/C YN AR S ARERN KR
e damm 7 L m IR AR R C/C W)
AR A Wy i 8 A SR R A 2R (5~10 J) ~F- 2 K
AR EEM R VAR E.TAH F
(2006) #k— 2B 5T 1 BT 4y Jo XA ) AR K R (5~
10 J3) ~F- 4 [ T dk 0 AR B TR A A 56 &R T A7 T
R X RS R C/Co MR Y
AL AR K B 2 E] B A O OE R . i R T
A5G MRS TA P RARE TS
Ji i FH Y 0 i X R Y TA] K 3 DLOR IR T Y CL /Gy
T AR AR e A

2 fieMEs

FE R R # oy R HEUORUT 51 P R )
A LT 7] 107 3 5 8 1 Ak T vy e 7K ORI A
MBESE B AR A 0 SRR B AR b DL K il
eyt AR A PLTUE B R R A v AN A  F
FEN GUER R ICT AR 1 4 T B o 3 2 fAf Ak o 7 1]
A 2 X5 1 45 SRR B 1 AR — e g . FE LS
I FH 487 Co,, (B S B K 0 oy 1 4 9 F 9 v, 2
P R LA 5 T 1]

(D FE P %Ak Sy 1 38 BT 3k B v % ik ) 457 R
SIS . AL E A PR — AR R R
AR XA R AL R IR & AT T
R BBEFE B H R A RE 2 XA~ 8 v = 2R 1Y
W [R5 28 A4 K /N« 9 FUARS TR 6 A VB I 2R R R ) 76
S AL 1A BT B b AR B ()06 3R 4318 R R
FEBRKESR., BtEEbXE C/C fMYRA
MY AE S R G AR I B AR R R L R
AT 75 2225 R A ) e Ak A - 338 WL 3l o A sk )
(e AR P S S N HEEN D NN VA $ S 2
9

() H T AR (F 22 XA Wy ik 7] 57
RARL R . MRS Farquar 4 (1989) X A 4 ik [7]
L2 531 MBI 5 AR W 1) Bk () 5 3R 4 1 52 22 b <Ak
B LA 5 o AN AN A X AR K B B — A R
R AR AT HE A 4 B ) A7 25 4L 5 i T i AN 8
14 o I IR B 45 T 2R X A ) itk () 7 3R 4 B2 5 % T
ISR

(KA CO, W5Em . KA CO, WA LK
SRR KA CO, 190" CAE 23 B 2 52 W 4 ) 11 ik [)
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MEZA . FAh KR CO, U BE Y A8 £kt W] BE 5%
A0 P i ) A 2R 2L o L A ] 25 700 el 1) 52 il
M ATE# (O’ Leary, 1981; Feng et al. ,1995),
057 5 N L R CO, 109 8% CHE A v B 4 & 2E
T AR A A AR R S A R R R Y
F 5T 1% 7% 18 381 3k 26 A5 1 6t e 4 1k ) 467 3% 4 B 1)
AL

R R RS R R R R 2, —
S S A i o 8 B P R A i b ol A i A
fk.(Maher et al. ,1995; Lii et al. , 1996 ; P4k %5,
1999; Zhou et al. ,2007), iz Fi L 1A A ] (19 4
J (-3 MUTORK [ 007 35 L - SR fL S F b R fL 2 5
B R Sy A T R A B 0 2 R A AR
K2z al. L, BRrde MR Eie. FIH %
-y R TR P R AR Y A B R 2R R
K it AV S 1l I g sk S ) o R K AR b — A
Uf B IR AR AR T e AR AR 1 A Pk IR
V2 5 R R X 2B i D RS S B TR O R L
il O T A A P ORI L B AR K
Bl -3 BT A% B[] 437 28 4 I S e T AT HIL T
03 A R 2K R0 (C / Co) AR AL RV I 1) e 2R AL

LG I, Bk S mss AR AT R G W
P BUAC I R T A ST A R D6 06 R T E A . TR
m,E e T AR ER R EEE 5 AN
Jo sk [ 37 28 20 B8 A 22 T ) A 5 o 83 b 5 g 5 sf
RS CO, By 0" CHE IV 2 A8 A6 % -+ 38 A HL 5T e
[ AL R AR, 2 R 28 B IR e 5 +
e ML Bk [7) 67 28 20 AR Ak Z R A DG C &R L i
AGBIE SN . D5 A B A SRR [ AR A A%
{40 AW e A Ry 3 L 3 A v Y Bl TR 7 2% 40 1R
W5z

& #¥ X ®Wk / References

AR R B . 1998, M 4 Bk [ 37 2 438 11 FH 45 3 B A8 Tk ik 5k e
HuER B2 E R L 13(3) :285~290.

ARASHE L X S 5L, 1992, 53T 800 ka B - 35 J5 B 25 XL A% 3T 4 a5 [ £z
ZAEHE. B, 18:1691~1693.

XA A, 1985, 86 + 5 3REE. Jbat Bl At

T F. 2006, R FH#E + il 1T 8 PG -+ HERR IR R 4L
SRS v ERRAF B BR BR 55 0F 5T BT 1 98 .

PR L R B W L 9K OF R L KT 2005, B R DR PG 6 X AR K
VKRG AT B IR0 28 AE AR Cs /C R B 288 20 5 o i 5
HILTFSE, 25 (1):107~114.

INARBE, AL SR L SRR . 1999, FH 35 4 b BR Ak 2% 2 Bk A7 iy
A E A I 2B iR Bk fb 2 . 28(3) 1 265~272.

IhE. 2005, B85 2. AU O S 4 A

FEZ. 2001, pE b7 BA Y K 3R 1A LBk F) A7 R .

L2 ot b 5T 45y Bk gy R 5 1 98 3.

WIS AL SR KRR AR 1998, B b R I KR B M sk
PR 5 L 28 2L BURRAE . AR BT, 12(4) :582~585.

An Zhisheng, Kukla G J, Porter S C, Xiao Jule. 1991. Magnetic
susceptibility evidence of monsoon variation on the Loess
Plateau of central China during the last 130, 000 years.
Quaternary Research, 36 29~36.

An Zhisheng, Stephen C, Zhou Weijian, Lu Yanchou, Douglas J,
Head M, Wu Xihao, Ren Jianzhang, Zheng Hongbo. 1993.
Episode of strengthened summer monsoon climate of Younger
Dryas age on the Loess Plateau of Central China. Quaternary
Research, 39 (1): 45~54.

An Zhisheng, Huang Yongsong, Liu Weiguo, Guo Zhengtang,
Steven C, Li Li, Warren P, Ning Youfeng, Cai Yanjun, Zhou
Weijian, Lin Benhai, Zhang Qingle, Cao Yunning, Qiang
Xiaoke, Chang Hong, Wu Zhenkun. 2005. Expansion of
Cyvegetation in Loess Plateau and stages uplifts of Qinghai—
Tibet Plateau. Geology, 33(9): 705~708.

Balesdent J, Mariotti A. 1996. Measurement of soil organic matter
turnover using '*C natural abundance. In: Boutton T and
Yamasaki S. eds. Mass Spectrometry in Soils. New York:
Marcel Dekker, 83~112.

Cerling T, Quade J. 1993. Stable carbon and oxygen isotopes in soil
carbonates. In; Swart P, Mckenzie J. eds. Continental Isotopic
Indicators of Climate, Washington DC: American Geophysical
Union, 217~231.

Cerling T, Wang, Y, Quade J. 1997. Expansion of C; ecosystems as
an indicator of global ecological change in the late Miocene.
Nature, 361:344~345.

Chen Pengna, Wang Guoan, Han Jiamao, Liu XiaoJuan and Liu
Min. 2010. ¢¥C difference between plants and soil organic
matter along the eastern slope of Mount Gongga. Chinese
Science Bulletin, 55(01) :55~62.

Connin S, 2001. Isotopic discrimination during long-term
decomposition in an arid land ecosystem. Soil Biology and
Biogeochemistry, 33(1): 41~51.

Deines P. 1980. The isotopic composition of reduced organic carbon.
In: Fritz P. and Fontes J. eds. Handbook of Environmental
Isotope Geochemistry, Vo. 1, The Terrestrial Environment.
Amsterdam: Elsevier Scientific Publishing Company, 339~345.

Ehleringer J, Pearcy R. 1983. Variation in quantum yields for CO,
uptake among C; and C, plants. Plant Physiology, 73: 555~
559.

Ehlering J. 1991. '3 C/*2 C fractionation and its utility in terrestrial
plant studies. In: Coleman D. and Fry B. eds. Carbon Isotope
Techniques. San Diego, California: Academic Press, 187~200.

Farquhar G, Ehleringer J, Hubick K. 1989. Carbon isotope
discrimination and photosynthesis. Annual Review Plant
Physilecular Biology, 40: 503~537.

Feng Xiahong, Eptein S. 1995. Carbon isotopes of trees from arid
environments and implications for reconstructing atmospheric
CO; concentration. Geochimica et Cosmochimica Acta, 59(12) .
2599~2608.

Francey R, Gifford R, Sharkey T. Weir B. 1985. Physiological
influences on carbon isotope discrimination in huon pine.
Oecologia, 44: 241~247.

Gu Zhaoyan, Liu Qiang, Xu Bing,Han Jiamao, Yang Shiling. Ding

Zhongli, Liu Tungsheng. 2003, Climate as the dominant control



856 Moo

e

2010 4F

on Csand Cyplant abundance in the Loess Plateau; Organic

carbon isotope evidence from the last glacial—interglacial
loess—soil sequences. Chinese Science Bulletin, 48 (12). 1271
~1276.

Hatté C, Antoine P, Fontugne M, Rousseau D, Tisnérat-Laborde
N, Z7 ller L. 1999. New chronology and organic matter §'°C
paleoclimatic significance of Nuloch loess sequence ( Rhine
Valley, Germany). Quaternary International, 62:85~91.

Hatté C, Antoine P, Fontugne M, Lang A, Rousseau D, Z? ller L.
2001. " C of loess organic matter as a potential proxy for
paleoprecipitation. Quaternary Research, 55: 33~38.

Hatté C, Guiot J. 2005. Palaeoprecipitation reconstruction by inverse
modelling using the isotopic signal of loess organic matter:
application to the Nu? loch loess sequence ( Rhine Valley,
Germany). Climate Dynamics,25( 2~3): 315~327.

He Yong, Qin Dahe, Ren Jiawen, Li Fengxia. 2002. The summer
monsoon evolution recorded by carbon isotope of organic matter
from the Yuanbao loess section during the Last Interglaciation.
Chinese Science Bulletin, 47 (15): 1289~1291.

Lee X, Feng Z D, Guo L L, Wang LL X, Jin . Y, Huang Y S,
Chopping M, Huang D K, Jiang W, Jiang Q, Cheng H G.
2005. Carbon isotope of bulk organic matter: A proxy for

precipitation in the arid and semiarid central East Asia. Global

Biogeochemical Cycles, 19, GB40104, doi: 10. 1029/
2004GDB002303.

Liu Weiguo, Ning Youfeng, An Zhisheng, Wu Zhenhai, Lu Huayu,
Cao Yuning. 2005a. Carbon isotopic composition of modern soil
and paleosol as a response to vegetation change on the Chinese
Loess Plateau. Science in China (Series D ),48(1):93~99.

Liu Weiguo, Huang Yongsong, An Zhisheng, Steven C, Li Li,

Warren L, Ning Youfeng. 2005b. Summer monsoon intensity

controls C;/C; plant abundance during the last 35 ka in the

Chinese Loess Plateau: Carbon isotope evidence from bulk
organic matter and individual leaf waxes. Palacogeography,
Palaeoclimatology, Palacoecology,220:243~254.

Liu Weiguo, Feng Xiahong., Ning Youfeng, Zhang Qingle, Cao
Yunning, An Zhisheng. 2005c. §'*C variation of C; and C, plants
across an Asian monsoon rainfall gradient in arid northwestern
China. Global Change Biology, 11: 1094~1100.

Lu Huayu, An Zhisheng. 1998. Paleoclimatic significance of grain
size of loess—palaeosol deposit in Chinese Loess Plateau.
Science in China (Series D ), 41 (6 ): 626~631.

Wu Naiqin, Han Jiamao, Qin

1996.

Lt Houyuan, Liu Tungsheng,

Xiaoguang, Sun Xiangjun, Wang Yongji. Seasonal

climatic variation recorded by phytolith assemblages from the
Baoji loess sequence in central China over the last 150,000 a.
Science in China (Series D), 39 (6 ). 629~639.

Maher B, Roy T. 1995. Paleorainfall reconstructions from pedogenic
magnetic susceptibility. Quaternary Research, 44:383 - 391.

Melillo J, Aber J.? Linkins A,Ricca A, Fry B, Nadelhoffer J. 1989.
Carbon and nitrogen dynamics along the decay continuum: Plant
litter to soil organic matter. Plant and Soil,115:189~198.

Natasa J. Isabel P. 2004. Climatically driven glacial—interglacial
variations in C; and C, plant proportions on the Chinese Loess
Plateau. Geology, 32 (4): 337 - 340.

An Zhisheng. 2008. A

reconstruction of precipitation on the Chinese Loess Plateau

Ning Youfeng. Liu Weiguo. 130-ka

from organic carbon isotopes. Palaeogeography,
Palaeoclimatology, Palaeoecology, 270:59~63.

O’ Leary M. 1981. Carbon
Phytochemistry, 20 (4): 553~567.

Schleser G. , Helle G. 1999. Isotope signals as climate proxies: the

isotope fractionation in plants.

role of transfer functions in the study of terrestrial archives.

Quaternary Science Reviews, 18:927~943,

Smith B. 1982. General characteristic of terrestrial plants (
agronomic and forests )—— C3, C4 and Crassulacean Acid

and Black C. eds. CRC
Handbook of Biosolar Resources, Vol. 1, Part 2. Boca Raton,
Florida:CRC Press, 99~118.

Feng X, Han J, Zhou L, Tan W, Su F. 2008.

Paleovegetation reconstruction using 67 C of Soil

Metabolism plants. In: Mitsui A.

Wang G. ,

Organic
Matter. Biogeosciences, 5:1325~1337.

Wedin D, Tieszen L, Dewey B, Pastor J. 1995. Carbon isotope
dynamics during grass decomposition and soil organic matter
formation. Ecology, 76(5): 1383~1392.

Xie Shucheng, Guo Jianqiu, Huang Junhua, Chen Fahu, Wang
Haibin, Farrimond P. 2004. Retricted utility of 8C of bulk
organic matter as a record of paleovegetation in some loess—
paleosol sequences in the Chinese Loess Plateau. Quaternary
Research, 62 (1): 86~93.

Zhang Zhaohui, Zhao Meixun, Lu Huayu, Faila M. 2003. Lower
temperature as the main cause of C,plant declines during the
glacial periods on the Chinese Loess Plateau. Earth Planetary
Science Letters, 214 467~481.

Zhou Weijian, Alfred P, Warren B, Wu Zhengkun,Chen Maobai, An
Zhisheng, Walter K, Xian Feng, Yu Huagui, Liu Lin. 2007.
Disentangling geomagnetic and precipitation signals in an 80-kyr
Chinese loess record of *Be. Radiocarbon, 49(1):139~160.

Reviews on the Quantitatively Reconstructing Paleoclimate and Paleovegetation

Based on Carbon Isotope of Soil Organic Matter on Chinese Loess Plateau

NING Youfeng'?
1) Northwest Water Resources and Environment Ecology Key Laboratory of Minister of Education ,
Xi’an University of Technology, Xi’an, 710048;

2) Key Laboratory of Water Cycle and Related Land Sur face Processes, Institute of Geographic Sciences and
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Abstract: It is a new

research direction to quantitatively reconstruct the paleoclimate and

paleovegetation on Chinese Loess Plateau. Carbon isotopes of organic matter of loess/paleosol sequences
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have been widely used in quantitative reconstruction of paleovegetation. However, it is a new attempt to
quantitatively reconstruct the paleoprecipitation by soil §"*C,,, values. Because the relationships between
the carbon isotopes of soil organic matter and the biomass and the climate are relatively clear, therefore, it
is reliable to reconstruct the paleovegetation and paleoprecipitation from soil §"*C,,, analyses. Since some
problems still exist in the quantitative investigation of the past climatic changes, the following works
should be paid attention to in the future: (1) the carbon isotopic fractionation during vegetation turnover
to soil organic matter in the different ecosystems, and (2) the relationship between more climatic and

environmental factors and the soil §°C,,, values.

Key words: Loess Plateau; organic carbon isotope; quantitatively; paleoclimate; paleovegetation
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