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ABSTRACT

ABSTRACT

Along an annual rainfall gradient ranging from 200 mm to 440 mm in the Mu Us
sandy land (1200-1400 m) and northern Tibetan Plateau sandy land (3200-3300 m),
Artemisia ordosica is a sub-shrub species most widely distributed in fixed and semi-fixed
sandy lands, and plays important roles in reducing wind and stabilizing sands in these
regions. Therefore, research on variations in eco-physiological characteristics of sandy
plants along a rainfall gradient not only gives insight into the mechanism of ecosystem
stability in arid and semi-arid regions, but is also crucial for understanding the response of
sandy plants to global changes and the scientific basis for desertification control.

Specific leaf area (SLA, leaf area per mass), mass- and area-based leaf nitrogen
concentration (Nmass, Narea), leaf construction cost (the amount of glucose required to
produce per unit leaf mass or leaf area) and leaf §'°C value (a good indicator of long-term
water use efficiency, negatively correlated with the ratio of intercellular to ambient CO5)
together reflect the plant adaptation to environments. Recent studies indicated that there is
a strategy shift in the SLA-Ny,ss relationship between species of high- and low-rainfall
habitats, i.e. species from low-rainfall habitats have higher Ny, at a given SLA (i.e. higher
Narea, Narea= Nmass/SLA ), and thus have a high water use efficiency. However, it is still
unclear if such a shift is caused by low rainfall or species replacement. On the other hand,
higher leaf nitrogen content may result in a higher leaf construction cost, and it is unclear
how plants to solve this trade-off. At ecosystem level, relevant data along a rainfall
gradient that provide an explanation for the shift in leaf trait relationship are still deficient.
In this thesis, we measured the variations in leaf traits of Artemisia ordosica communities
along an annual rainfall gradient in the low-altitude Mu Us sandy land (1200-1400m) and
the high-altitude northern Tibetan Plateau sandy land (3200-3300m). Artemisia ordosica is
a widespread species in these two regions. Our objective was to: (1) test if there is a
general shift in the leaf trait relationship across and within species along a rainfall gradient?

(2) examine if increased Ny, with decreased rainfall may result in a higher leaf

I
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construction cost? The major results included as follows:

1. Data for SLA, Npass, Naea 0f A. 0Ordosica and other relevant species and related
canopy leaf area index (LAI) and soil total nitrogen were collected along a rainfall transect
(270-390 mm, Ratio of rainfall to pan-evaporation, R/P, 0.11-0.21) with similar
temperature in the Mu Us, Inner Mongolia. We further investigated the generality of the
Mu Us data using additional data in the northern Tibetan Plateau sandy land (Dulan,
210mm, R/P 0.11; Qinghai Lake, 405mm, R/P 0.29). In the Mu Us sandy land, the positive
SLA-Ny,.ss relationships across and within species shifted between two plant-groups in the
lowest rainfall plots (270mm, R/P 0.11) and other higher rainfall plots (320-390mm,
R/P>0.15), which was confirmed by additional data in northern Tibetan Plateau sandy land .
For A. ordosica populations, LAI decreased and N, increased with decreasing rainfall,
while the foliage N-pool (the products of foliage biomass multiplied by SLA) and SLA
varied little. Accordingly, LAI and Narea (Nmass/SLA) were negatively correlated (r = -0.76,
P <0.001). Plants at lower rainfall sites (210-270 mm, R/P 0.11) had lower LAI and higher
Nurea at a given leaf 8°C value than plants growing in higher rainfall sites (320-390mm,
R/P>0.15). Partial correlation analysis of multiple linear regressions indicated that rainfall
was the limiting factor that determined variations in Npas and LAIL Therefore, the
low-rainfall induced shift in the SLA-Ny,ss relationship strongly associated with changes in
LAI and foliage N-pool, suggesting that leaf characteristics can be served as good
indicators of ecosystem function at a drought threshold (R/P=0.11).

2. Measurements of leaf construction cost within species of A. ordosica in low- and
high-altitude sandy lands further indicated that leaf construction cost per mass (CCy,)
positively correlated with leaf 8'°C value (i.e. higher water use efficiency accompanied by
higher leaf construction cost). However, there was also a strategy shift in the positive CC,
(leaf construction cost per area) vs. Ny, relationship between plant-groups in the lowest
rainfall plots (210-270 mm, R/P 0.11) and other higher rainfall plots (320-390mm,
R/P>0.15), i.e. plants from low-rainfall habitats have higher Ng., at a given CC,. Our
results indicated that the high Ny, for plants from low rainfall sites did not increase their

leaf construction cost per area, compared to that of high rainfall sites.
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ABSTRACT

Water is the main limiting factor for plant survival and growth in arid and semi-arid
regions. As rainfall decreases, A. ordosica plants from lower rainfall sites have a
water-use-efficiency similar to plants from higher rainfall sites through decreased LAI and
increased Nge,. Although high water use efficiency is accompanied by high leaf
construction cost, the high Ny, for plants from low rainfall sites did not increase their leaf
construction cost per area. Such ecophysiological mechanisms may explain why A.
ordosica are widespread in the fixed and semi-fixed sandy lands, and the ecosystems are

relatively stable.

Key words: sandy plants, specific leaf area, leaf nitrogen concentration, leaf construction

cost, water use efficiency, strategy shift
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SRS AR IE A IR CT IR 528 20010 55 AL S v AR A 523 5
IR 22 J0T i S T 6 I FE v Hi A B P DX S A Bk P FE I X . il SeA AR
AN IR AL ST RIE 1025.36 )7 hm?, 2 R FEHB X T i AL B ¥ 1 T X
iz — GFHEVKEE 2003); B R PHURHFLT 4. 0X 10'kn’, 2T E YK —.
BP SV NI st G €5 M ot 1Xa YRS B N P S 2 e TR Y AP AN E LDV
HL 8007, B BRBR. W RGEIR B, B 2EIE, BUROKE. WhE, SRS
WS — A, PRI T A R RIS AL S A T AT RS R R (IR T
2006). [Ht, el PRa i i et X (¥ A2 A RIS LA HEAT A 80 SR ¥ B A A
PRI o F XSS TE I X, 1 SV AR R [ 5 L 2 e Y AR IR,
T MRS MR, GES %5 1997; IKESE 2007). X—HI#RA R AR
AR I PR 1 B N 45 R, B — 2 R0, 2 sy R
UL A RS R MR T R A EEA/ER . BB KT =T, TRESRSR
A BRAR AR [ 7K FC 4% SR (7 AL B R BRI A Y TRBTET 1994), X SeH X 2 %2
EPIRN AR SR G XX AE S RGO AR . PRI, BHFSTXLE AR A IRV AR
FE A B AR R A0 J3E 10 A B0 A S AR AL, A B T o B S b X A 2 R G B
SEENLEL, T HARA BY T 7 AR AT 50N AE A FIORT BRI AR A (R385 WA WAL A,
LTI Ay TR b A S R G AR A AP AR 2 R

KA, ATV AR A ) A B A 23 P (R B FE AR o PRI 25
PERIHeE B ORMFE A 19925 JMEHEM T 1B 1996; (I 728 1997; migfT
25 1999; XL 20005 B RIESE 2002; SKFREESE 20070, HARRE (2001) A TH%
I ST 56 2 HH ot K 8 o S A e T (e A R R R, (R Xu BF (2007) 11
R FU WM RUR AR (¥ A T80 | it )y 7K 3N Z8 I S A AR AN [t K 2 4 fF R T
FH IS XTI IR AR A TR R T AR 52 B K 20 DR 3R (R 5 ), AR MEZR N BEARAE A AR K K
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WIrE N HLEE (Korner 1991), MR (SLA, specific leaf area, Ao 5 [ THIAR )
%5 5 (Npass, mass-based leaf nitrogen, LA H 5 ) %075 5 Narea, area-based leaf
nitrogen content, HLALHIAFIIA S D I AE (leaf construction cost, 4% #1407
I T P TR 0 6 0 4 5, U (¥ 44 2 e A% ) BA I §°C i (leaf carbon isotope
ratio, 5 P4 CO WK LUAE R B DI UG, RAEAE YR IK 23 R o) S5 A
AW FR AR SR S T R RT PR BE (KGR AE o [ A SR TR I, L AR
(SLA) FIHHE i (Nmass) 9 R RITEAR A X D) 55 v B K o DX A ol 2 T A7
TESRME AT BB IS, WIFEAHIR] SLA R, ARFEKE X PR LA 5 1 Nonass CRIVEE R 1 512
AT FI 275 , Narea = Ninass / SLAD S WA = 107K 20 R H 2% (Wright et al.
2001, 2004), Pyl id $2 moe ol Sl B, RN TAL TR P RAESRTT
T A A Y e & % (Field & Mooney 1986; Chapin et al. 1987; Reich et al.
2003), fHJE, HETIANE ZX S s A B I th T B K 8D BT 5 30 i T4
FEE AT S 3. Ji4h, T m it R AR R R R T R O RE, R A e
fiEpIX — BT R RAIANTE R AR RGO b, EBs b H a0 = A0 5 R B 2
K I SR A A IS T WL AR o 7R P, S PR AR VD A R 0 R T
IVERFFUIR > (7K AE4E 2005; 2 RS 2005; X4 FR55 2006).

TEAE 7K & 200-440 mm K6 % 20 A 558 Jr AL Vb i, BAitE (Artemisia
ordosica) A EMIVPAAEY) [ e -1 E v ) AR, AR T AR E 1R
BE . AR SCLURIER B S VP (1200-1400 m) 5 ik i i s SR b 3B v s
(3200-3300 m) [Py BEVE AT SO % Gl 2 X PN IS I A, did
RGN E EIRHPERTE R U B K AR S A, SRR B (1) Y AR R g R
[F1) Pt T DR BB 7K S T 1 M Bl A AT SRS ST RS IR 2 (20 P I AR 2 5 e B e
TR T HE I 75 25 3 SR IR R AR 2 AR DG ST 4l AR AT B T B A R AR
AT 53R U AR SAGAS A 1) 3 AN N, I 0 FEBAvh B Cln g e 2 A5 |
FhEE) SRR

1.2 T8, $+FTEHXEVERESEN A RER

K FIFE I3 e SEE DR AR A A AE AT 32 2 PRl 77 o ST X AR AE K0T E 4R
WA RE R, FE4R 7K 23 M RIBCR RFR D A BCR I % T A AT B S48
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FAE R A AR SRR AR o 3 USRIk A AT B U0 B 53 ) 3 AT L B 328
Z R PR I (Wilson et al. 1999;Garnier et al.2001;Wright et al.2004). Lt
It [ A (specific leaf area). & 7 & (leaf nitrogen concentration). % %71 #E
(construction cost) PAKMF 8°C (AR MFEARL AT BEMEIR (Reich et
al.1991; Korner etal.1991; Griffin 1994), ‘&AL Sl T HEH AT A5 (K4 0138 Wy
1k

1.2.1 Lk ER

A AR T SO SRS ) B IR 2 — (Wright et al. 2002), ELIHFIIFL (Specific
leaf area) RN A ARG A s W HE . Hort AR S A A AR KR A A 3R
W% OC R ). — Bk PE, e T R s A R s I A B (Sobrado &
Medina,1980; Reich & Walters 1994), ¥ AEARX £ Kid % (Muller & Garnier
1990; Garnier et al. 1997; Poorter et al. 2006), 5[] /6514 # (Field & Mooney 1986
Reich et al. 1997; Shipley 2002). XA HA RS NFE0 3RS 68 07, HESEN T
F5 57 IR E E AN ST . 5y — U7, L TR R AR A R R s TR
P B A R R R A AL S R L, K I i (Coley et al. 19855 Choong et al.
1992; Ryser 1996; Reich et al.1998) . XFMYIAAKNTII OKI3. F750) IIREFRE
DV, BE S L HhIE B SR 4 SRR TR AT AR

LemH TR AR R DR/ B R T B e R R, 5 3 2 AAHOC (Westoby et al.
1998; Wilson etal. 1999), -7 - HuX (1) Z AR 1l W BAT 5 1R
DL A0 i RE, X e R A A AR K 4y e (193&E Y. (Maximov et al. 1929;
Cunningham et al. 1999; Niinemets 2001). FA X LEVEAR IR — B HA BRI LLrt
[fi# (Cunningham et al. 1999; Fonseca et al. 2000). Witkowski #1 Lamont (1991)%]
AMERAET BB IR, e RARBARI L AR, i )R RN ZH 2R
WROR . WHER AR, B BRI, LU ARV (Reich et al. 1999;
Wright et al. 2001, 2002; Luo et al. 2005 Lt TR [ B0 & 4 Ak A2 A3 i K
SRR R (Araus et al.,1997). X2 K A5 5 808 B A R i — %
A B8 e AR T P THIRR P I R R B 1 R B, 5 A B B A /NI i AR b, B
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B AT IR A A8 ) (Smith et al. 1997) 0 55— J71HI, - J5BE %% B R84 0 (L
TR ANeia] (R 6 iy T o 17717 o L o e T s S R A A O R =R 1
HB/K 4y 2% (Cunningham et al. 1999; Fonseca et al. 2000).

TR LT AR -3 5% 1M N, H RTEAE7E— 254+ . Hirose 45(1988)#1
van Arendonk 5% (1997) WIWIFUKHL, BEAE T3P RS RN, o mal T B
Fonseca et al (20000 {EB RN AR B FE 5 B0 LU - TRUBURH I 7 5 i B A 1 388 b ik
SRR R B, Wright £ Westoby (1999) iF52 T 3k [ K#E A 385 F WA it Lt
TR TG TR R e PR S o AU AT AR 5 2 ) L T RRUR 38 5% 53 2 [R) I ANAE AE ]
BIAIEK R (van der Wererf et al. 1993).

1.22HE@E=2

[l L TR —FF, RS A A RS T N B ) iz ek —,
T Z ARG AT AR IEAI IS (Sobrado & Medina 1980; Reich et al. 1994). 5T %M,
FEAOGA A F A6 I Al R 4 5 8 1 G R %) (Field & Mooney 1986 Evans
1989; Reich et al. 1994, 1995a, 1995b). HAHm A& MR Y8 LA AN
T EHAR . X IR R R AT AR E, JCHR T G Mk L,
29 75 % (K EUOATAE St b o U I I A R R S B ) RS I, SR
FbF AR AR, T TR IS RE DD IR KA 2004). S8
e 5 RS R IEA OGO R 2 Mg S A b A R, MR AR KRR AE D)
(Friedrich & Huffaker 1980) F|5i —4EEFHY) (Mooney et al. 1981) T Az 5%
NAERKGAR KB A FIEEAR (Mooney et al. 1981).

T DX R H AR L TR AR R BB o ) P T A B B (Niass)» A
T 2L A 558 v P PR TR 2805 . (Nrea) (Killingbeck & Whitford 1996;  Cunningham
etal. 1999) %55 1) Ninass B Narea AT 5 X AHPG A A FH 7K o3 RS A 2 X,
i §C Ml GEH 5K R HRE L IEMIS%, Farquhar et al. 1989) % iFAMI5% (Sparks
& Ehleringer 1997; Hamerlynck 2004). IX W] fig i A RS S0 G N R 34 it
WG A% (Field et al. 1983; Chapin I11 et al. 1987) , 3l insist 6 A B 5%
RRBAG T AN B FIR B2, A B AR AR I AL B IR B — AN 5 i i A 45
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M IEEEE, b TR 55— 500, RS S I3 It s s 38 i 1 Py
AR A T B R EMBN, A RN IEIE s, ISR R N K 5 AR
(Field & Mooney 1986; Osmond et al. 1987) . IHt4h, %5 i B AR 205 Bk m)
DAY FE AR 40 T Ak 2B 5 v 58 v (1) 6 IR . (Cunningham et al. 199900 2R, T
ARG AR FE AL A MR ], S0 R &S T s et 5
HOW A TR RE RV FERS . Wright (2001) ZEMF 5% 2 W B A S0 TR 2
P (PRI, 5 DR T PR G I, AR A A S PR R R T AR R R 3
AR M £ T A B 2 1348 o

KT WA G RS LA Z WA R A, Griffin (1993, 1996) X A TAKH K]
Pinus taeda L.4) i EA TR ST, R IAIG 0 L3 (& i R 80T i R S s e
AR Z AR R KB AR AR AN ) - 3857 43 A= 5% T 4B HH 72 5% (Chapin et
al. 1980, {HUZ G T T3R50 5 HEAR Z M 5C R AT — B EZ 584 J1 RS, R,
I R PR Z 18] 56 R R A AT 2 24 4 T B e i) — A ] R

1.2.3 BREFE

S RS RE AL I 8 A L S A A S USRS T FERE B 255 4R b5 (Penning de Vries et
al. 1974; Bloom et al. 1985; Williams et al. 1987) , & LAR @ A7 e CHIRD A
T i AR 2 Bl 2 i R o AR gl SO AT S B I AR K AR R (Lambers &
Pooter 1992; Griffin 1994) o R EGH AP PIAE T 520 FABE h BE S0 A ROt SR
BRI R, v A5 554 /) (Barcuch & Goldstein 1999; Tsialtas et al. 2001) . it
Yo Hl SO FE AL AN R A5 b B 8 B DA AR K ) R e T2 — o
T AE R LA IR oy B T e S S G R SRR TR R Sl ST o PP U e I S i -
AR Fr AR AR 5y 22 SRR AR ) 2 7 S, T ST AR P At sy AR ) 3 B A A -3
i (140 BERVEAR A BEA O S E M R s 0% (Griffin 1994) .

R 7 R AE 2 31 - 3974 (Lafitte & Loomis 1988; Poorter & de Jong 1999).
JEHEGRIE (Sims & Pearcy 1991; Baruch et al. 2000; Barthod & Epron 2005). +3#/K
73 (Merino 1987; Sobrado 1991) 1 5B & (Griffin1993, 1996; Nagel et al. 2005)
2B TR . X TAEWIAE 2 B AL 7 aa I, A R A 2 1



S LD AR N KRR E 1) 7E P A SR LR T

(Penning de Vries et al. 1974; Amthor 1989) ifJ&[&M% (Pitelka 1978) MSAFLEAHE
Peo EF 5. BT RHIX, KAPHETT e SR — L EMIM R, XSSPl
HHRAR LA KRBT Bl kK IHUR (IRFD . BT X S5 1 5 1 s 2
e RIS, R P O S BT AR T RERE N DG T 7K 0k i St Fse i R S i (R AR
/o Merino (1987) ¢ Hi rfifg 30 47) A6 A& 37 b e PR bR 43 b T SR A 5%, I
KGR B FEBAT R o Ty EEEICR I, PR AR SN FE 5 IR IR K 23 A
%% (WUE=Amax/E) G 6 & 22 IR (PNUE) B 474155 (Sobrado 1991).
£ S FE S PNUE WUEIIAH KOG R VAT — @ 2 BRI AESE N AT
HAE I RE A 1R 2458 o Griffin (1994) %fSobrado (1991) SZH Hdli k47 H 57
GIAT, RIS B TR (R O FEAT 99 K IEAH DG, 3X 5 H TR TS R
FH—2 (Griffin 19930, W I FE L Ho AN 205 BARAEA OGO R T
A A B FE AT A — MR, B BRI, Sy R 20 = 1
T =l Ge 2 20k A AR B I RE SV FERE I (Wright et al. 2001) o LEAF IR
S IS BT R P S 2 SRR T B b RS R (R T AR ) B
BB AR ZE . SR SURI AN o BE 41 215 & (Nagel & Griffin 2001; Niinemets et
al. 2003) , IXELYL AN AA T B R I R, RO R R AR e B TR
I FE LA (Baruch & Goldstein 1999; B K5 2006)

ST 3N R I KB 540, Miller A1 Stoner (1979) A3k H ZTRs A48
(R AR 1 S BT B o T B IR AR B R YA R . T R4 #F T, Merino

(1987 % il B FER -3 AE Ty 2 8] (R 0GR MM T 58 PEVEAN, (R IF 5 R I A O
Poorter il de Jong (1999) HIIXf K [ 15 ANAFIFRS LS N YRR o FERTI & K
L, W AR AN A AR T IRRAT R RGN AR 5 A P 5250 G T R4kt ik
JRIEFEIRE AR, B LI E IR B G n, Hdt  #E 2 25 55 0 (Shinano et
al. 1995; Griffin et al. 1996). XJ ¥ [ —#Mkii, AFHAEARE S ER LS, v
PR P FERE AT T R S R B G I 0 (Lafitte & Loomis 1988, X AJ fig /2 ]
ORI R BRI RE R BEW (Williams et al. 1989), 25 11 TR 3 1 k48 1T RE
SR B RE, T T U IR EEAT AT AR s i R e R T

AT P A T AR I 22 S T S e TR A P AR R 2, RIS e G e
PSR L o N, ok E TR AR IR i BAT s R B, B R AL, B



B

WL AR R PERR AL S A G R PEROR A &9, (R EA TR BT iR AR5 5
7, R B AEIR S MR  BAT R R IO i AHUR . SR BORIE R . XL
P AL Z ALK P pRoE Tl G AR K/ o Chapin (1989) s &5 1 W)k a] -t
JRIHAE IR AR PR o TR B 2 R I A ROR AR, WA B AN [ it 3 — s T,
Poorter A1 Bergkotte (1992) NI yiX T £ th Ty BEAMIRBEW I Z IR I IEAH DGR &R
U TN )5t (AL, P A T AR o P8 DAL R A S AN U R 1454
WA T, IEBR TR S P RIAERE LA LA A B ) R4 X AR A AE

1240 8"C &

I F 81°C EAERA A 30 A 252 vh e 32 10 N gt i PSR SR s R4 1 K 4
n—AMEKZ) KAFIABE. 2R, A 8°C 5 KR A ¥e%
S IEAMS% (Farquhar & Sharkey 1982; Bowling et al. 2002; Duquesnay et al. 1998;
McDowell et al. 2003). K737 15 251 XA AR A7 AR 2 EERR A PR 1
T2 B Bpa s, AL FRE, R A COL IR RRAR, 1 it PC
(K153 v s, FECT M SRC T . WRTCRM, R 81C AR B K LK 1T
Jhr (Stewart et al.1995; Bowling et al.2002; Wang et al. 2003). {HJ&, 7F—2E[%K
ERARAHLX CNT 300mm), H A §1C (5 Bk e R A E R RS R 2
17 KB (Miller et al. 2001; Schulze et al. 1998, 2006a), X4 FALfExFH §C (14
BRI AE E k. RIS (2000) FET 8°C E0 AR E AR AbRE 8 X AL 4
KK R R T R B, N R FR §1°C (B4R B 2 I 2 Fh AR b
B B K L, —Sedp R 81°C B, —LEWpBi) 8°C (R, TS Ah
BUARE ., T5 BT RHOCRERK, EYH-SOKAEZE (VPD) I
Ko BT M R T VPD USSR K A 9 8Os (Gy), il
TR TR AEDTEAAR Gy T HogE X R BA 5 = 28 R (R & % =
VPDXGy)o HITS4LN COy T BLEE (G 5 Gy Z 1A LA S [ e 1, Ak, 7E
M Ge T, TR T RXEYN R AR & WA, i BAEARK S F H
A T, 5 AEE E BATEE I N FEAHIR Ge N HGERE DAY H AT
EEROGG RS, Sm TR AR Bk, a5 BRI, & VPD
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FIE Narea XTFEPIZK 53 R0OF B 5200 0] REA S AR, 30T 2 XA AR i X Y B A
FEABLIRI ZK 0 R FH R

8UC W T I CO, T sRAMILLS 2 TR (KP4 . Y BE D) IR S s T HIAXT CO,
ok, MY R AALR AR T X COy fIEN o A —Lemb Ptk Cln b TH]
BHHREGE) 5ERIIKCREY], B, WAL, XLV g 20)
- 81°C fE £ 540 . Schulze 25 (2006a, 2006b) Fl Turner 25 (2008) FIRFFTE W],
BRI 8" C I BRI, 81°C L5 T AR BT T R SRS AT AR 1
FHICHE, BRI T AR LR R i T e v 1 8°C A k.
e R ZR R 0 72 BL RuBP i g 2% DL A i@ e 50 A A A R AR AL 45 1
PIERAEE . MRS BRI EESY WX EW &, 18m TREYCER, ff
PRI R A COL WRFEFSAR, MRS 74 PC i, i 8UC (At m.
JEEE R CEEm AR s ) 50 T KA COp #EAIPIZH ML BE S, A4 PR 40 i
CO MR ZE A, S FE PC MBI, by 8VC EFHR (M 2007). %)%
BRI By CEEM AR /N ) —FBCRAT e (R 7 T AR AR R B A s 5 e, S50k
ol ER N A E, R R R A RO A RS, SFET PC M R, it
F8UC TR (BRI 2007,

1.3 AR TR EER F 5/

W YD AR B S R VDN T S D B R A, BT — AR
IR KIE R (150-400mm), J% 4 IXSehh X e Ae e A 2R 7 . DRI, ASHIF ST 4Pl
o Bl J U SRBER D PR I 52, VRAERTT BLR PSR 1)

1.3.1 M E FNF A SLA-Npass XRIBFREKEEE R B L RBFERBABAR?

SLA-Nimass % Z8 A5 20 7 5 My X 5 10 3 1 X 1) 49 b 2 1) A7 75 5 s 1 % I %
(Wright et al. 2001; Z/KE5E 2005), RIFEAHR] SLA K, 5 X A4 LG X FE )
HAHEM Nupasso X —ILGHERET R XA 10 AR B ARG N ARG EE R L. H
FEBAIANTG FE 38 X — I 10 Js PR 3 2 B )i 1) B A S v B 7K 1 AR A0 5 RS 1
PRI, B 3 S T ARE 1) SLA-Nimass & FRIE A FL F AR G310 (R B KB 88 2 5 AF AT 2R 4B
(1) SRR B G A A B TR — I = AR IR S B, A B T AR A B A 22 A1y
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B

JEERRE M S S Vb AR )2 0 AR AL

132 B ERHEA S EMEKE LD MEMEETSSHRS MM AEBA?

B B KRS s Narea I3 INTE B A4 7K 53 1 FH R0% (1 ) B (Wrright et al. 2001
Wright & Westoby 2002; Reich et al. 2003), B fE4 S EH @ s AL N (Griffin
1994; Nagel et al. 20020, Wl Ul, T AP e B0 7K 70 ) 03T BE & LA
T T AR AR ) o W — AN IR ZRofs FEE S AL b P P JTS AR N S RAZAKI)
BRGNP R T — 20 BT S XA BATEUS Narea IAEBAER SR
SR

1.4 i BRI R pg 4k

1.4.1 HAzR BHr

ot PR R, A SCRE I R G e L A, MRS R, i 8PC
(B PH 3t 3 FE 5 2E B A A FiE b v AT I B R A A RUARE 1 W i i S5 Y A R
DALV A A Hof 2 D SRS A7 RS 30 5 B AR B A 258 A L EE o TR AR 4R v b 15 itk b
Myl A R LU ST, BE— DA TRIX R AR BAE AR L P 15 B b, O P
SERARATS 5 Y AR R0 P B AR A [ 3 AT g AL A B FCARE v AU MRS IR A K
Hi o
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1.4.2 F A&

> BB <«

E D [

\4

EIE%T:(:T IS % :/]\i N = N
FRRRIER I [ gt ek i Bk /250

v
IBACBL
CPE Vb, [ E Vi)

v

SRR R i 1R R A

A\ 4
=N HTillE

v
v v

4—

b It + + e {3
1 £ 1 % D% IF]
i} = 4 H | A
A gy A Bl ¥ ES

| T L]

—T—
A 4 A4 A\ 4 \ 4

VbR A B KR QIR VAR AL 2 W~ ST TR
£ () SR mE A AL B SR I A5 2 3 U R IR AL S AR

\4

IO PERED AT B AR S 1) A B A 2 AR AL L

K 1-2 WFFTHEZ

Figl-2 Research scheme



S WXL S BT ik

—E IREBAEIRITE

2.1 AR XHER

AWFIE - FAE TG R VD MR T e JR AL S v gk AT - B RV IR R T 4 ANF
X35 KRR (390mm) « 8 i (340mm) < SF 4G e Hi i (320mm) SR HE 50 i (270mm)
LET R e R AL ER v G £ 7 AT X 3 A2 (210mm) FIF5#EH (405mm). 7N

AT 3801 WL 2-1

1
EYT

B SLRE bR iES

#1° B [olk 5 il

®=

g

BN R . ey

@ (210mm)
=137 N3
Ep7 E105 E113
Bl 2-1 g A
Fig2-1 Map of study area
211 E5FHDH

BL RV BRI FESH IR (1994), dERURF I RS (1983),

B ARHE (2001) FI Z2=F# (2006).
2.1.1.1 #3845 5

9 EVHL (37°27'307-39°22/30"N;  107°20'-111°30'E) {7 T- 58 /R 22 Wy s J5i, A

11
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BN B, THEEEX, BEBRY 4 J7F AR, RREN A . B
FUP U A PG Ib R AR R R, IR 1200-1600m. MU 3 B ER K R . B
2T (R LR — P AR & Hh 5 58 (0 2 HURE D

2.1.1.2 &M%

B R VP AL TR AR R R B X, R A R Y X AR A
Bk, JLH MR H I R SRR AR R AR N . 4 H RO AR
°A 2800-2900h, 7E P AL 0 A 3000-3100h; H JE 432 A< B 19 P AL HH 62%34 21| 70%:;
BESHEAE 138-150keal.em™y ™ Z 0], YIXAEIILE 6.0°C-8.5°C, &4 H (1 )
IR-8°C--12.5°C, WA (7 H) ik 21-24°C, >10°C ERETF K 2500-3500°C.
SER BRI BE 3 A AR P 2T 440mm, [ PR 250mm. K BT
THR9IH, HRFREIK 60%-80%. FHKFERRRRK, 1M HZERWN, KAEPEILX
BEE, PR T BRI R R, HPBKREZWENDWER 2 £ 4 5. FERKE
1800-2500mm, T-4J% fHZ B 1) 0.8 319 VG AL 2.5, AP K 3.3m/s, KT 5m/s
RISV KT BIBREEAT 220-580 K. 1T JLAEK, BEAE NZRIESN IR, 764 ERAR A RER
55T, BYRVPHAG . TR LIES (P KBS 2007; HkHESE 2007).
2.1.1.3 #idk 5 3%

B Z VP AT B AL 5 AR BT (A fkog I 1996) . JL Ko7 T
VR TR T SRS, 1) PG b Y D A A e T 1R R R LU O o e R SR
tHhar . HIELIXYP A, VDM IR R BB, nl s b b CRLFE
DTSR ST DI Y iD= e o L b= 7l e

B VD IR KSR o b =AMy B =R B K = FR P AL B AR 11
S, TR T R PG U R P e A ST M, 3 e ) R AR T IR
Hoaly, BT AREAL, R EORE TG AR AR U I

AN DX =R RE SR S b b f R SR S E A A R e L e S i B
YOAHE ;s W B RS A SR AR VAR T 2 Y, AR R S
FVPHAE B ) R . SEh AR HE AR R S VD AT AR RN A B AR A 2R R
FERAAME (Artemisia ordosica). #5¢ (Hedysarum laeve). 74% (Caragana
intemedia). ¥PHuA (Sabina vulgaris). ¥PHlI (Salix cheilophila) F1H7bE (Artemisia
sphaerocephala). i B Z Vb S A i VD AE R AL R0, Lo it

12
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T 250-440mm [V, 35 Af T2 [ A E YD I b (g H #84% 2007),
2.1.1.4 A 50 R A8

Wt — MR E SRR ARBARE, AT S R HIER T 4 MU X IR
Kbk e SRR AR S FE e (1 21D, DYANF ST DX 3 A R - SR v W
B AR 310 XA IERE B S = B R B m Pa b s An, H 2 oK E
4902k 390mm. 340mm. 320mm Fl 270mm, FEA LA T B R K,
ST RAR B A R AR A o 11 L 4 ANITST DX SR 73 AT A AR AT ] 5 A0~ ] 5 v s b
WO e, N ASHESE SRt 1 AR AR BB R
(1) k.

KRR T BG4 VAL, B RUPHIZR S, AL 7550 I (X)) &5t
ety , TR 1300 K, 7 FZRE 107°28"-111°15", Jb4k 36°57'-39°34" 2 i), fil
PR Je Tl i AT A 2T 5 RR E 2 i, DU B, HZE R, e, 4
PR 10°C, PRIREIK 400 =K A4, ORI 150 KA. Rpkib X s VA
B, SR AEANRRE FL SR X R — 5 o WA B PEL, Bl B K s s 45 s
PRI, R e 2 T DA AR AR S b 1) 2R S by eV o LR VR B AR
Ty ErLlybE (Agriophyllum squarrosum). ¥ (Artemisia sphaerocephala)
A4 (Psammochloa mortgolica) & 3= IRV, AT Il e R0 ] e v F 1)
DLy (Artemisia ordosica). “[-0aFbF (Pycnostehna lateriflorum). R4/ (Sabina
vulgaris) FIyb#I (Salix cheilophila) 454 = FIREMIRERSE Ul CHERT SR K 2009)
(2) 54

B A T A SN BV IXCS R 2T U R A, B RV, s ARGR O b
37°38'54"-39°23'50", ZRZ: 108°17'36"-109°40722", 4k —MAE 1300-1400 K. 1% it
ek oty W S KRG 1 =, 32 58w IR SE AR O, PR ARy 2 s il 4G, Bk, T
BN, 2Kk, HEAL, R . FRKE 350 2K (R Ems b TA6i),
5 = PR A KR 70% 040 SRR 2592 222K TR 140 R-150
R TR 6°C-8°Co 10 w1 SR B Jgiagy, IR VR A oK
( Agriophyllum squarrosum). ¥47 (Psammochloa villosa) #1[7¥ &  (Artemisia
sphaerocephala) JE RIS ISR BEREDI I VR s A T[] AT [ e v i F i sl v
(Artemisia ordosica). R AAWEMN (Sabina vulgaris) F1eb[E]) 41X JL#EM (Caragana

13
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intemedia) LAy HI (Salix cheilophila) F124) (Salix microstachya) ZH s rrIHis
MRS (EER LA 2001,
(3) FRHETCHHE:

TG AT, TN S BRI SRR 2 TP e, B RPHITR &S, Habdb4
37°44'-38°44", ZRZ: 106°26'-108°32", BiNIREH—BEAE 1300-1400 K. %X )& T i
AT R T RERUR, HHEARRLE T5 W2 Wk, HEK, fib.
PR 7.1°Co TR K R 291.4mm,  FEK tPE AL ) 2 FE 0, o g S AR
1E7-9 11, W ARFRKET 60%. FAAK R 2515mm. S8FE 08 AR 0 T R S
by, VEAE N B R BRSSP RSN SR AR . MR AR bk
FIERAEVEAR . NEAR K E, JhE (Artemisia ordosica) 7)) CRIRHESE 2008),
(4) SRAL

FAE A TN S BRI R Z M vaEs, B RWDHITIALES, #ibdt4
38°18"-40°11", ZRZE 106°41'-108°54"« S¥FLvC AT A g T~ i AR A3 oy KRl 2 RSk
HEER, WS, RN, BKD RS0 mlcAY), ZZkEK. 4 H R
#3000 /NI e AT, SRR 6.4°C Zd, SERRKERDN 250 22K oAy, SRR 3000
K FA, R ESAETRAE 7-9 Ay, oMW 122 KA . A SR T 5 5.
DR, B TEEE —2R. rp R, DU 0 i (Artemisia ordosica),
ALLYP T (Psammochloa mongolica) . 1 J§ %E (Eragrostis pilosa). 714 (Enn eapogon
brachystachyum) 42 % (Setaria viridis) b3 Fedfb &5, DUAREY) &
(Artemisia ordosica) FIEM-45%9 )L (Caragana stenophylla), EADIVMAT. 3%5¢%
(Peganum nigellastrum) 43 (B30 2005).

2.1.2 EEEEREILER D

H
X]

T 6] ooy FE T X A B AT AE T AN PN A . A 40 1124 J7 hm?, =
T AR SEIA ARG . SR FAEI A X R YT MK . SRR AR TR
W PG TE, SeAk R AR IA 1025.36 J5 hm?, A7 R IR 40.06%, Hir
P ERI R S A T s 91.06%, A ey FEHBIX S BB VA I H R IX I — (G
UKEE 20030 SEIE A ZaHb 2R e Sk 10 HiL R 8 = i DXOR R IRES AR b Hb, 2 41 K

=

14
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4004 210mm A1 405mm, 1 HAA AR Ty 0 vl v oA, DRl b e A b
AHEFCRPIA BT I S L2, XA XIS B 5 RV HAE PR
AR ZE S, AR AN RS I TR 25 T H R A AR B fe £ (R K
FEARREIAE, RP), 7352 #2550 4E 50 (0.11 vs. 0.11), T 5 kaak (0.29
vs. 0.21) (PEILEE =K 3-1),

2.1.2.1 A5 R 3RAE I

(1) #B=:

22 iy A S8 A K A M AR m B, Hb A b4 35°15°-37°27", R4 95°29'-99°16', Hh
TELL R ol =, MV S RIS, B mnifEik 5536 oK, AR 2677 K. J& & R
TRAKHAE, RINEA, TR, EHE, 2. BRI Z KSR F
B0 2.7°C SR = R -29.8°C, e iRl FE ik 33°C o 4R 1) B /K i 179. 1mm,
KK 1358-1765mm, 4F H %1 2903.9-3252.5h, HIELIKE + o4 3, A5 Kb
AR A Y A, L rh R R ST R FE AR A2 (Haloxylon ammodendron).
BEHI( Cacumen Tamaricis) . ¥ & (Artermisia desertorum) . yili & ( Artemisia ordosica)
Ay 41 (Psammochloa mongolica) 25 (BEEHEFITK i 2005)

(2) FHFHIH 7 X

TR G X B SR B S JA D RS (1987)  RHEEERSE (1994, 1995)
M2 RS (2003),

TOHRHIAL T4 2 AGHE, ARIE LA B, HARE AL A 1H ) WA o3 i ik,
T T8 A T VT L, VS A AT VT A SR, T 8 e B WA R 30 o BT R AR 22 97° 507-101
20", dbh 36°15-38°20" T HElIHL DAL T B AR B R UK L D AR FR 5 DORTIY R
e FE DK AT AT, T AT 18 5 BRI RRE, DR AT B 5 PR DXk ARy A, T
MR 2, KBIFRESREL, AR HRZE R, 8 s T R Ik WX 2P
HA-0.7°C, e (7 HD PSR 104°C-15.2°C, EAH (1 AD PR
-10.4°C--14.7°C, H¥ii ot Skt 28°C, Wi e AR kd-31°C.

WX BEAKZHTAE 6-8 Ay, A AR AR, A VBKEN
319-395mm, B 7K B 73 A s DAy g o 1] 980 Sl 1L DX 18 o A5 B 75 V08 X4 P9 ook
RIS, WIAMNEKZ, IR X AR R K 2 vE AR R K > o 5 R IX
TEAS AR 800-1100mm 2 [A), — e P IR Tl i il . — 42 h 228 R i i
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K, BHE 6-9 AMAL R SELRREN 60%, & HEWHEKEIRN, SMiZdd
T 12 AE¥FE1 .

TR X R T SEE N L R A R X . [ SEAE T AR T P TR, R T
WIS K TR0 A1 4 LA A2 %5 (Achnatherum splendes) A4 55 Jsi At , v EA K
A (Artemisia ordosica). JH 457 % (Dracocephalum tanguticum). 5 i [ b 5r

(Orinus kokonorica) 5. fEWIXIAGTH, Hof 5L sk BEAF. P A /) i
(Kobresia pygmaea). #4135 (Stipa aliena) A == 6 54 5 gt . 75 00 78 O THI IR 2% =
WML, TR R, B AR OB T, R LA A K R (Stipa
bungeana). -3 (Festuca ovina) %5. {HJ& [n) P4 2RI FIAG WS _L3iE, BTkt
L AURESS, WEREIR RS RE, FEUNETONL . A L, oA
#LL4:FZHME (Dasiphora fruticosa). EA% 111 fE#I (Salix oritrepha) >4 F: (1) = FEHEM .

TR & LW G T LA SO ATRAE o T I X 3 ) A
HAG I 0128 0 A REAE 902 s AT 00 A2, U A0 bk v o A ) R
A+, Wk 4000m DAL 2M AT s SEB . peAh, IR AT . 5 By BT A R
RFEHAT KD o0 A, RS MBI 3 A B LA SR A R A

22 ARFE

2.2.1 A FHRTIREE

W ABRRBEE, AR RIDHIERE T 4 A, 2R s b
HUIEFE T 2 AR R AERF—REE A, FRAVAEMDE « I e Vo AR BE B 3AS [F) A3
T GEAR . PREARR Z A AR SR BRI R SR WA T RIRE S R4, &
TERFEYIFN L 2-1.

ahiE (A ordosicad: A7Rb, EJE, PR, AT TIREIL T, 79 A6 hE
K i BRI R, DMER IS b R K FIFR 5y, AR — MUK
1-2 2K, AR 534 T S50 JEOK A6 AT R BERINE L A o e BEE 2 B 15 3 Vb b A T R R K
(AT, el o AT 1 [E - [EE VD e b, 0 An AR B S v R TR ) 31.2% (b
HORZ PR AE 1983).
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AT (C.komarovii): EEERL, REGKEIE, ZHEERA, 0RO RA
G FHRE, B0, O, et AP O 3R AE VAR P Al N A BT I PR A T 2K 10
YA SRR, A AFRA DA T I DU S YA AR A, 2 e 1A T e i
FErH R 7R PIR
R 2-1 BT BRI B

Table2-1. A list of sampling species in the four study sites

Study sites Species Life forms ~ Sandy land habitats
Kbk (390mm) JhE (A ordosica) AR =N 7 e
A0 FhF(C. komarovii) ZAEAERR  [HE. CBREDE
70 HI(S. cheilophila) HEA e[ 5
B (340mm) MIE (A. ordosica) FHER EipreE 37 b
i R-F(C. komarovii) ZAAERA RE. FRE
A5 )L(C. intermedia)  ER [#] 5
7P HI(S. cheilophila) HEA e[
H5E(H. leave) /N 2 [ 5
ERAETORTHE (320mm) W (A. ordosica) HEAR Eihr=e Y7 bt
20K 1+(C. komarovii) ZAEAERAR  RE. RRE
B EEAY L(C. intermedia)  #EAR fi] 5
ZRFCTOHE (270mm) M1 (A. ordosica) FREAR [ g, 2l E
A0 FP-F(C. komarovii) ZEAERA RE. FRE
A AR )L(C. intermedia)  #EAR [i4] 5
Mi%E(H. leave) HEA e[
FHFH (405mm) i (A. ordosica) FREA il s 2
#0524 (210mm) 7 (A. ordosica) JRER Eipr=iNI &1 s

IPHI (S, cheilophila): #HiIF, HidE, BEARBUNRAR, RAHE 4m. EEMAAE
Wiz Fr 5 2 g v b ) e P sy e b5 e 120 5 sty DR I 5 PR AGIEE A b, b5
B3 TR BV B R A R

Mi%E (H. leave): GRL, /MEAR, 12 Ko EENFLATIET D RIP P E)E

17
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AN 5 Y0 e 5 RIS IR (R [ g Vb b o o S i vb T AP IR e, AEAR X n] 2 H
TORHLERY,  mAER YD IR O R o

HlalHixg )L (C.intermedia): SR, X)L, ZHEAEHEAR. s 1-1.5 K,
FRET 4%, REN QR A THEGE Vb i b B By, T LR BB KE VS OREFK T
W I SRR IR, AN RRIE 5 OKBAE, AHUE, BERE 2P il A
PRI R, R R, eR A IR

222 HFINRHESIAE

2221 B, FERDASGFAZ

IR, RS R TR BAL VPG b, MR TR B LG, AR MR
FBURE S I R T A (An 2006). [i5E [ & MR shvb 2 B 5 = v 3 4
FEVP IS, X T =F MM GE, IRZFE A E e B 1 CREk
S5 1984; T EBRAE 2004) . FeT i, ASHIFSE T AN A0 [ i A0 [ E v AR BT A E
TR 55 5, JE S e G . T EMR (2004) HRHEI G (AN R A Bl 5
T RGEHS AR, AR D AR ST R R R e o (3R 2-2):
F 2-2 AS[RIVD b A3 0 R W 26 T

Table 2-2 Vegetation cover in different sandy land habitats

WA TR & 2] L[] 5§ ¥ 7

R 5 S <10% 10-35% 35-50% >50%
MR A5 R o g B MEANTAMRRE EAWIEARE EmEmOE S
fiE ) Be, JERENT Smm o VIRE R JREE WA R R
5-10mm Yolkg fe, KT

10mm

2222 FIPAE LR E

AT FURAFE YO MY T2 Ny [ € vb s A~ [ 2 v st . FERE T IEFENT, 5 82 Py
JEAF N B S A, AR T DA RRUE FPRES o A5 6 ASSRAF s, X X iyt
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55 WP BRIL S B

A5 4r HIAEEL 3-7 A SmxSm (IEE ) o F GPS ek s [ LB &, % FE 7 B
TEVD M ] e PR o AR 6 B T A0 R S FE RN JELRE o W SibE 7 WAHAIFI IR A4 Bk e
JE ZRERITEE . AT AR EORE T, [N A T YRR R L R
WRFIRERRIR B B o ZEREANRETT A BEBLIBC LAY, IUREZREE 0-20em, 234 HIEMA PR
MR T,

FEFTERETT Y, XSO AY Gl AR0Ab T PP, M. Pisag )L
BEATFEAIRE S IR AR o SRAFRE IR B AR R, [R] N SrOR BRI A Do ) T3
ARFEEARYIFIAAL, 7EDIAT7 1n) EIRHCHE NSNRIY 4-5 AN RVE R, TRICR
FERCR o B oy BEAT KA o RAERE i ] RO A RS B K0 s
B AL 2R (R 20 AT, R A BT VB LA R #5345

19



S LD AR N KRR E 1) 7E P A SR LR T

20



S YPIERR IRLRRE P B AR I GRS B0 AR A /IOBR B ) S A B I 5

F=F PWAEYPEAR A RS MR & B R ARG AR
SRS AL B SR

H AN 28 MR AE T 5 X Y Rl SR X YRl 2 TR (AL RS IR 5 A2 T B K AR
I B R B B TR SE AR A BT 38 DA R A PERTEAS [F) W e (B FOAS [ A2
BEAFEAE 2 2257 ARHTSTIN H 2 A DA b FEAG B IR~ 5 vb A oA e ]
e AR (SLAD IS (Nimass) 1990 ZR A [ MR JEE 2 15 5 3l i 71 SRS 87 7% I
%o ENZFEH BRI, HE—NREZE A KMBEAKEE (270-390mm), FAf]
Mg T EZYF) SLAL Ninass LAIARK e 2R LI . [, b — 20 E
e S A S b ) 300 7 e R L6 0 B % 3D Kl 4t R 1 i o il S X P AN IX
BT R TR R, YRR Y AR ] SLA-Niass I PE ARG OC RAE
B /K AR AR X (270mm, R/P 0.11) 55 e = AME/K S m X (320-390mm, R/P
>0.15) ZIAAFAEPATRI IS CEARERARRMEAREAN D, -5 75 58 S A6 v e
W E B AN & o FRATE PRI, BEREK RIS, iE M LAL R
Ninass T1 i, AHGEE B OH B Niness FI3RED FI SLA WHEAT #4210, S5
LAT 5 Narea (Npnas/SLA) Z [HIAFAE B D) (K F1AH G (r=-0.76, P < 0.001). 7EAH[AI §"°C
5T, BRI X (210-270 mm, R/P 0.11) (R H A BARKI LAT AR Nareao
A M4 L], BRI E LAT F1 Npass 2L LB T K, SLA-Npas
KRMEIEAI BN S )E LAL FIEEE AR AR B DA G, AERER+ R B
(R/P=0.11) MR 457 A3 R GUK - DI BEAR AL

3.1 35

e it AR (Specific leaf area, SLA) FlH 1% & (leaf mass-based nitrogen
concentration, Nyass) A& FEYIH R AN JCBEIR, 20 BIERAE T FE Y o6 BE LA [Fl4E
CO, IIBE ST o BEBRA [R) P AN A3 2 1), SLA 1 Niags 38 55 A7 7E —Fh IE A5 55 £ (Reich
et al. 1997; Wright et al. 2004), L& IXFqAHSCM: 135 W PE kA T 17— DR

(Garnier et al. 1997; Niinemets 1999). Wright (2001) Z53f—5HEH!, SLA F1 Niass
REALET R XA X D) Z AT SRS AL B %, BIFEAHIR] SLA K, T5 XA
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W) LU DX A LA B A ) Niasss SLEAH ] Noags T 15 XA 4 L 30 XA LA
S/ SLA . SLA-Niags K FRTE F 780 i JU AR 0 1A DX AR MRAE ) 5 T R X Vb AR A7)
I ISR S AL L (AR AR 200500 T 2T R X A4 H AT BLIG
SLA B 151 Ninass # 32 i AELA 7K 73 F FH 2803 HoA H 225 L (Wrright et al. 2001 ; Wright
& Westoby 2002; Reich etal. 2003) . {Hj&, A WFFTES &SR AT 16, FRATT
ANV A SLA-Ninass [F19C R 75T 17 X W S50 X 0P 2 18] 1) S A 8 IR 5 el 1 Bk
AR 1 B S BT R SR AT B TR AN R PRI [ A 35 TR PR A
fEi %25 (Garnier et al. 2004; =7k #£%5 20055 Luo etal. 2005) o 7ERLIF! K-
b VB O T AR/ AN R 38 Qe JELBERITIH: 85 P D W A PR 0 FE 1R AR A AT
XTI, KB~ FET SLA-Ninags < 5 2 A1 (Witkowski & Lamont 1991 Diez
etal. 1997; Garnier et al. 1997) . WT B RS L0 AR P PR SC R AR ISR 2D,
OXoF I 5 R PRV PRRT T DA SR 285 A 8 7 T RN B At 1 5 DX R 40 (1 3 B R A
= o

TR JZ 7K b, 5l DX T AR B B T URMEE 438 P K 43 1) 75 8k (Prior et
al. 2005) o FEXMAERKMURSAE NGB T, SR LK o Fie]
FUFH P i 3 DDA DG W B A AR 2L (Woodward et al. 1995; Hirose et al. 1997).
TR 53 ) FH A1 B B3 IR0 5 3 hy ik 7] A T 3693 ) 5 78 s T A A Jr 5%
WS LOAE, AHDIESE /K o3 R FH R 0 R AT e 23 3 30 & B BRI ROR I6 T %
(Field 1983), #1582 K A MEREMH RN 18, fE5E —DMEE SR E
N, BEEBKEM TR, &S AR R, AL A S SR (Naea,
Nimas/SLA) (Farquhar et al. 2002). {H/&, IXPR A Rr i, JUH RN —
WP B KB S (P UL Kt GRS B SLA-Ninass IS 3R A SRS A RS IR S 4R 1L — i A=
BRGKCTRHL B RRE .

FEHNZEEEEEWH (K 1200-1400m ) A7 5 5 JL 560 s (il 3k
3200-3300m), WA 200mm-440mm F KRS 2, 1 A W] 5 AN 8 vb i b o A
SRR EEREAAE (2004) TRIBFTUIAA, AR T AN ) M DX PR e A AT Bt A% 2 1 I
BAT B3 22 5 o KRR (6 53 A B2 BAT T TR b P IR 56 R U AR B 13 2
T ABAETEAIEAI L NG T — DB & o AU, AT S AR R
SLA-Npass K RIEP T R E — DB RO TR AR IS . B, 78
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By R IPHI A — AR ZE AN R M BEKBA R, AR (R A Y SLA-Ninass R A
HIHH B KB B AR SRS ST RS IR S, Tk — 20 DL e St A B 3 v i Pk s s ok
WUE T Z VD B 45 R 1 o JLIR, S TR PR S B KR AR 43 e 1
AR R, LLE— B RE YT Y SLA FI Ninass 0ARAE 2 KFREE T HIRBE IR
SIS o BB, FRATIRTI 5 B KA G IR 2 P T AR i ORI 0P (1 A A B L 5 AR T
A S (Nae) WRFR, DUHAEE RS RGOV BB SLA-Npass KR BEAIEE
ek 7K A PR 1) SRS A R T 5%

32 MRS
3.2.1 ESFRIDHBIFREKEFIRIT

B RUDHUE T EAGE R Rz —, SRS BRPEFI T A Stbaly (N
37°27'-N39°22'; 107°20- E 111°30"), K 1200m-1600m, J AL 40,000 km®,
ARG I [P ORI PR o AR B IV L, AP BN 9.0 °C N FEF 6.0 °C,
FRIEKE N 440mm R FEE] 250mm, L 60%-80% B K AR AE 7 £ 8 F 43
A H BN EON AR T 2800h-2900h 38 1 2 V5 AL 1) 3000h-3100h, JHiE #F & /21X —
DX 1) SRR, Rl e A [ e v b FEB S m L, WA DR
B B PGAL I BB B, BB T DU/ E AT E U A MAR, AFERRK S 390mm;
55 L, AR K 340mm; FRAE S R HE, 4B /K B 320mm; ST e, 4 /K B 270mm.
DUASIT TR o B SAsES A 23 700K B T BH B el i U5 il 1985-2004 41 (ROULIN Bk (3%
3-1),

LEARE—MIFTEH AR, SR PRI 13 5 00 5 AT AR 25 22 R iV A5 (T E VD
AP [ 5 V0 D SEAT IR it 1 R 2 ARSI - 49857 26 ik PEAR (9 5 ) o 8 B — T 5T
b5 B PRP YO AE S, Ak HE 3-7 A 5 x 5 mP AEAH A RE )T, > RIS TAE A
FIERE SRS . BAT— L 0WE T 33 MRAAE T fEXERErh, RATRE T #
FEMOE AL E PUM Z ALY, R THER (%, Wi, PIEsg L. 2
FEAR QED FIZAEAETAR (G0fh 1) =R, SIS =FREAM L, wEmMm
Ao ANFAE DU AN S DX (1 1] 5 e ] v bR AT 43 A

23



S LD AR N KRR E 1) 7E P A SR LR T

3.2.2 ESFIDHFEKEHFEY LIRS R REFNE

TR0 33 ANFETT IARE—FEJ7 h 4 )b 2 18 0L 3 BRAE R MK . 2007 4F 8 H,
TEAF—RERR ¥ 76t J 23 AR AR 50 4 S I HLAORRR S8 M (R ettt o 7E3X 33 AMFETHh, —
SN 105 AMEFE FREEE] S AR 105 AR FER . KT 105 ANSFES 1) 99 4
HEREN, & BEHLEI 30-50 Fr o lef it HEAT AR A o o, A7) F ARt R 4R
vk ORI IO B AR R F LN 48 1, W Tl 8y F SRR, BRAArm
PR RIAGRE SRR s BEH R A FI bR R OB R 58 T AR o Ll et T AR A A i e
TR AN S 3 (70°C HET 48h) Z bbb g HFARRA MR 73550 = P T 70°C
AT 48h BAEE, FASWELR RS, 1F 80 HUH, HEAT S-S EARIBR A 21
W5E o LLILIGE BIENE R R i 2 B R (Niass) > AL AR K205 R (Narea)
AL TR M T (Nass) 45 EEIFTHIRL (SLA) HILGAE . 76 A [ MR RL B Fi e [H]
7 22 5236 5 FH IR (SO 5 A A2 R ) B E PR R L. L PDB (Pee Dee
Belemnite ) (Craig 1957) Aksife, #H T2 AT H5: 8P C=[(PC/P0)/(PC/*C)ga-1]
X 1000, (°C/"*C)s FI(PC/C)ga 53T W 52 REPIFE SN PDB bAE (F1 AR 5 R 7 2 LU AE o

LERF—AFE T, RAE 0-20em FIE M3, T HESRSBEAEHS ER
orbTe Horp, BIEAEE RV E R, BTN S = KoCrOs-HaSO4 ki

3.2.3 ES RIS HSMETERELY (LAD M RERNE

75 33 AMFETT Y, i S 24 ANFEDT IR SR — R, FRATTIN & 13X 24 M
B FE D7 TP AT AR A P el M R RS TR o RELPOR T TR A S 3R Sl ) Al L
THEAF B E M RDE RO . B — D EKIX, B8 18 FREA AR5 AR
(Rt AR, AOBCHRVEIN G S AEAR I T2 0™ 2, e ST 1 s AR AR 4 o
SR AR I A 7 A2 (R 3-2) 0 M 37 1 [R] U= 05 R R Ak — 5 77 (1) 9 v 7 i AR )
M, MK 24 METT (5x5m®) AR, LA FIHEE (N-pool) ML)
73 0] g B TR A o P 20 o PR A
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% 3-1 WHFTHLIX A R AE . TR R EUREEAEA DT CRE 7R b A ChNS 58 #9253 R Tukey-Kramer £ H HUEL. 47 [H]
AR PR P2 R (P<0.05).
Table 3-1. Climatic and soil characteristics of the study sites. Differences in soil total N concentration between different rainfall areas (capital) and between two

sandy land habitats (lowercase) were tested by the Tukey-Kramer comparison. Different letters within a row and a column show significant differences at a 0.05 level,

respectively.
Mu Us sandy land Northern Tibetan Plateau sandy land
Climatic and soil factors Yulin Uxin Otog Qian Otog Qinghai Lake Dulan
Annual rainfall (mm) 390 340 320 270 405 210
Annual pan-evaporation (mm) 1890 2322 2133 2450 1420 1852
Ratio of rainfall to evaporation 0.21 0.15 0.15 0.11 0.29 0.11
Mean annual temperature (‘C) 8.8 8.7 8.7 7.6 0.4 3.5
Soil total N concentration (mg g) in:
Fixed sandy land (3-5 plots per site) 0.28£0.049"¢  0.24+0.012°°  0.32+0.052**®  0.37+0.039** 0.22+0.049¢ 0.18+0.059*

Semi-fixed sandy land (3-5 plots per site) ~ 0.18+0.075**®  0.074+0.016°°  0.19+0.038"* 0.19+0.018" 0.14+£0.034**®  0.11£0.012**¢

Locations of study sites (latitude, longitude, altitude): Yulin, N38° 37’, E109° 51’, 1210m; Uxin, N38° 09’, E108° 38’, 1270m; Otog Qian, N37° 42', E108° 27',

1320m; Otog, N39° 03’, E108° 03’, 1420m; Qinghai Lake, N36° 43’, E100° 46', 3289m; Dulan, N36° 15’, E98° 11’, 3284m.
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% 3-2 B RV M E AR A T 5 ) S A A B R g
Table3-2. Allometric regression equations between leaf dry mass per clump (Y, g) and projected

area of a crown (X, m°) of Artemisia ordosica in the Mu Us sandy land.

Study sites Allometric equations R’ Samples P
Yulin y=42.612x +10.501 0.87 18 0.000
Uxin y =46.842x +25.249 0.85 18 0.000

Otog Qian y=45.062x + 17.355 0.80 18 0.000
Otog y =31.236In(X) + 64.06 0.89 18 0.000

3.2.4 FiEs RALER D Hih SRR B E

AT SEIA R M AR B o VW T 9 s 1L BB . 2008 4 8
H, R HA s b s e B 1 12 AR (5% sm®), SRFGE—IERE ik,
SroME T s i L AR S D IR AR S E AR S . 5B
FUPHUAHEL, iR 12 MR IR A AN O R AR T Y
AR #24, FERFKE 210mm; FEEHT, FFKR 405mm. 78 [H i
AL, 250mm 1A R K A5 Y R 2 T T A R 4 Ak (B T A
2002). JUE R Z VbR I s SR AL SR VD M R AR A A IR K e, (HIX
P DI b i 2 TRD B LA AR R HR 2 AR K 5 AR 28R M LU,
R/P), 43iilit: #5550 FETHE (0.11 vs. 0.11), FHHEM S MK (0.29 vs. 0.21),
2 R U ) R B >k B TR B AR 1S 1985-2004 AR RN FERL (3%
3-1)0 WYRRFIH 350 S m e ik S B ZVWHAA R . BRAVGEE AT T &
9 e ST T VD M N 5 2R VD b R I Hdls . DA I SLA-Nimass 8 R HT A K
6 52 1) SRS A B T e 1 HAT i

325 WD E

AN TR A B RIS 3 DX T PR 2 A R - 8 4 SRR JEE 1R 22 SR
PIZR 7 Z2 90 T 0 Tukey 2 HHLAL, & WF S DX TV REAS EOAN TR INF - R
Tukey-Kramer % 1[04

FESI TR B A0 A L I T AR 2035 B R AR DG OC AR I, FAT TS Hedh kA7
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T loguo (R, XML AAT 73 B R RAH DG OC R IN )72 K HI (Reich et al. 1997
Niinemets 2001; Wright et al. 2004) . A[FFFTHLX [H] AR IR I ZE R (Niass
AP, SLA AP, BEAKHSUAEED HIP 7 2530647908 (ANCOVAD.
By 2 53 W PR 8 J L 4% [l A 2k 22 TR) AR 30 R [ 22 St o TRV 1 S R 0 AN T o
IKHEIX SLA-Niass K R RPR AN, 2 J5 7 HTBkEE 10 2 5. BATHE AL R
B 35 72 S AN [ S DX AT B — i

K H 22 ST M RN TR i AH 5G 23 At PEAN A8 A0 - 338 DR - 55 it PR g J 2 A o
AR e . BT AR S B AR S EE YA = 0.84, n = 33, P <
0.001), TR -5 D AEY) A K f 22 IR 1~ (Wright et al. 2001). [l
b, FATEmAR DG A b FURH T AR K A TR AR S m AR . T
s 0 Ml 2 /5 SPSS 16.0 AT, Frfy B3 MK 4R 2 P <0.05..

33 &R

3.3.1 HEFh B FOFH A SLA-Npass KR IGFEKEEE RIS BT R

St B AT PR AN 5] — R 5 K, SLA-Nass % ZR [MRRAE TR 1S 27030 Y
AT X 7] 22 AN B3 (P>0.05, F 3-3). H2, HAH 7R FK BB X
CHFETCIE, 270mm) 5 HE = AR R X Gk, 58 A S o hT
. 320-390mm) AT R E 2R (P<0.001, % 3-3). =MREKEEFEHX b
B ZE AN B (P>0.05, £ 3-3) o AT HraAWRFIE —PRk s, AR LG
TART S B K e e AT DX A L o/ i v M DX AR B A S U 1 (I
3-1, a, b, c)o FSBURHEMEALFE I G AT ] 5 V0 R ) R[] 5 VD b AR A2 1) 5
AHIL BEERER, REXHMPAREL SR SE IEEEER (P<
0.05, % 3-1).

% 3-3 BYRWPHAFIIFHX 10g10(Nmass) 5 10g1o(SLA) K ZRARFZ A 1) 22 A PEA g (7
JiZE53 0T, ANCOVA) . ANRIBFFEHIIX [ sonS b RAEW 7 22 0 i 45 R B kAT . ASIR
R W25 (P<0.05)

Table 3-3. Differences in the slopes and intercepts (slope elevations) of single linear regressions of
logio (Nmass) against logjo (SLA) among different rainfall areas were tested by the analysis of

covariance (ANCOVA). Pairwise comparisons were made when the results of ANCOVA were
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significant. Values followed by different letters within a row show significant differences at a 0.05

level.

Coefficients Yulin  Uxin Otog Qian  Otog  Qinghai Lake  Dulan F P

All species (n=99)

Slope 088 131 081 068 — — 228 0.09
Intercept 039 -120° -0.22° 0.20° — — 47.54  <0.001
Artemisia ordosica (n=92)

Slope 056 085 037 0.54  0.79 1.12 062 0.68
Intercept 0.21°  -033° 0.62% 0.46™ -0.23° -0.63° 7571 <0.001

— 181 (@ All species L7 r (b) Artemisia ordosica
(@]
= 17} °
3 ¢ o 16 | . )
&0 o ° i
c 16 ° e A °
= o ¢° A, ] *
15 | 2° AAO—’AA 15 ¢ A
Top L Foass ° A
A% w
&0 ° +i4 A i A
E 141 o . A;l%O 14 A M A
2 +AAA,-OQ’0% + AA++ A
s Wooo el © g F 4+
v i - +
L§ 12 _-_'_—’-LF l_\$|~ Ly 13 -3 Aki_'_ A
=l + +
1.1 . . : 12 : '
1.8 1.9 2.0 2.1 1.8 1.9 2.0
18 r (c) Cynanchumkomarovii
1.7 ) °
16
/
15 | 8, A o ® Otog (270mm)
14 | + o ,
gt..0 o 0 Otog Qian (320mm)
‘o’
13 | .
1o | + A Uxin (340mm)
+ + i
1.1 . . ' + Yulin (390mm)
1.8 1.9 2.0 21

SLA (cm2 g'l) [log scale]

K 3-1 B Z VAR (a) RIFFA (b, ¢) SLA Rl Npass ARG R . SEEE R R IRK R
AL (270mmD ) SLA 5 Ninass K FR, HE 2R 7R /K SR A I =AM X (320-390mm)
HIH) SLA 5 Npass 15 R HIXAREL: () 1y0ia = 0.62, P<0.001, n=29; rgenea = 0.77, P<0.001,
n=70; (b) 1s1i¢ = 0.57, P<0.02, n=17; Igasheq = 0.62, P<0.001, n=42; (¢) ro1ig = 0.59, ns, n=6; Tgashed

=0.59, P<0.05, n=14.
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Fig. 3-1 Relationships between SLA and leaf Ny, across all species (a) and within species (b, ¢)
along a rainfall gradient in the Mu Us sandy land. The solid trend line was for the data from the
lowest rainfall area (270 mm), and the dashed trend line was for the data from other three higher

rainfall areas (320-390 mm).

3.3.2 [k AL IEE A E XM KRR R0

S5t T )il o R 2P oA TR s Niass A1 Norea £F B 7K IR AR 1 HAX 52 15
CERFE TE ML, Niass 31-45 mg g7, Nurea 3.4-4.2 g m™),  MEHE = AN BEK BRI
HPX AAK (Nipass 18-32 mg g7, Nrea 1.7-2.9 gm™) (P<0.05, % 3-4). SLA {EJ44>
MU DX 2 TR) AR A AT R o AE = AN K R B (R X, [ 5 YD MR ) SLA R Niass
E T (P<0.05) BT (P<0.10) FME bty . H2, 7ERKERIK
[RIHBIX, [ VDA A ) SLA T Nipass ZHAIK T (P < 0.05) 8K T (P <0.10)
P[] g VAR o SRV SLA FIl Ninags 75 N UPHBAE BT RIAAAT 2257 Narea 78 VYA
DI ] R [ b ) 22 e AN 2, R T AR AN T Narea 7EABRPIAS
VHB BT A AE B3 75 o 0 T Fra i A el — 0 Rh o i, K d IR X AR )
) Narea 55T+ 3.4 g m>, 1717 L8 = AN B /KB A2 v M XA () Ngre ZHEE T 3.0 g m™>
KT IR AN 13384 O VAR IO AR S, A AH G A AR B, Kot vhoE
Ninass F1 Narea AL FZ 7 (R 3-5). —MOkUL, ERIWIFIA, BEE KRR
P57, Ninass Pl Narea S0, {HIE SLA AR (3R 3-5),

3.3.3 5%KBEMER LAl THUXMHEE S/

TR ZVP MK BE L1 24 DMFETTHUARR Y, IE R LAL BG5BT
A1) P S P N T W= 51 = e =B /=2 7 N TV Py a W SNE R 1 S e
TN RBIE T E AR (K 3-5 F1E 3-6)0 WTIIMKGE, LAT 1L K R HAG M H
X CHRFLIEHE, 270mm) A& (0.28 m* m™), 7EHE=AMhX Gk, 2,
RFLICRTAE, 320-390mm) i (0.35-0.38 m® m™); i HRUFEAEPYAMFITHBIX
[FIIF R e e NI, W BEKBR R, Nawea BEFF LAL [ FEEITIE I (r=-0.76,
P<0.001, [ 3-2).
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K 3-4 BYRVHA R KMIBICEEEE T 5 A FZP Mg A (SLAD. A TR RS i (Npas) FIERALTIA 205 . (Nyrea) CPEIEAREZ )
AT TRV FNZ 6] (AN [F) - B 23 Sl o A ARk ) HEPERAE DU AN FT X ORISR IR vb AR50 ChNSPkE) RS (P<0.05).

Table 3-4. Leaf traits of SLA (cm” g), Njnass (mg g7) and Nire, (g m™) for dominant species across two sandy habitats and different rainfalls in the Mu Us sandy land
(Mean £ SD). Different letters within a row and a column show significant differences in leaf traits between different rainfalls (capital) and between two sandy land
habitats (lowercase) at a 0.05 level, respectively. Species abbreviations: AO = Artemisia ordosica; CK = Cynanchum komarovii; CM = Caragana intermedia; SC =

Salix cheilophila; HL = Hedysarum leave.

Species Yulin Uxin Otog Qian Otog

SLA Nmass Narea SLA Nmass Narea SLA Nmass Narea SLA Nmass Narea
Fixed sandy land:
AO (n=9)  829:89°%  207:38"® 250£031°% 036200 233:34%®  250:034"® 84.5:12.3"8 2082178 248:0.17°0  84.2:88%D 308649 36420250
CK (n=3) 945438 245416 260£005°C  108.03.9°% 3172148 20300148 1033:82™  218:32%C 20520550 9131078 3574110 3042044
CM (n=3) — — — 1260556 368:3.6° 2030042 104426 335:06" 3212008°% 1121242 308023 35500117
Semi-fixed sandy land:
AO (n=9)  802:84°C 180:14°C 2262025 885686 2150278 24300208 714:108°C  186:14PC 26700550 08748”38417 343:025"0
CK (n=3)  872:190™"  14.6:1.5C 172:037°C  — 20,3043 — 1009417 251557 24750160 106957 447660"  419:0.65™
SC (n=3) 97.249.1°B 2531238 2612023 1215207 32004600 265203770 — — — — — —
HL (n=3) — — 1114253 334020 3002031 1078632 340241 31520330
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*3-5 BY WK, 2R (LAD FIMEE (N-pool) 4355 A5 A1 135
DT (R AT % 20 T o
Table 3-5. Partial correlation coefficients of multiple linear regressions for relationships of leaf

traits and canopy LAI and foliage N-pool to climatic and soil variables in the Mu Us transect.

Dependent variables Total soil N (mg g'l) Annual rainfall (mm)

All species (n=99 ):

SLA -0.187 -0.295"
Ninass -0.041 -0.680""
Narea 0.273" -0.698"""
§"°C 0.45" 0.12

Artemisia ordosica (n=59 ):

SLA -0.155 -0.271
Ninass 0.223 -0.728""
Narea 0.400" -0.683""
8"°C 0.32" 0.02

Cynanchum komarovii (n=20)

SLA -0.042 -0.248
Ninass -0.130 -0.741""
Narea -0.008 -0.708""
8"C 0.45" -0.03
Canopy variables of Artemisia ordosica community:
LAI (n = 24) -0.310 0.696"
N-pool (n = 24) -0.056 -0.262

"P<0.05, "'P<0.01, "P<0.001.
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045

0.40 p

035

LAI

0.30

0.25

0.20
2.0 3.0 4.0 5.0

Leaf Narea (g m°)

Kl 3-2 B R 24 AFET Pl E R LAL 5 Ny IAHSEIE R (LAT = 0.544 — 0.0691N ey,
r=-0.76, P<0.001, n=58) fEHE— T, ME T 2-3 BRIMEREA N Norea o EIBIAR UL 3-1.
Fig. 3-2 Relationship between stand LAI and leaf N, for 24 plots of Artemisia ordosica along a
rainfall gradient in the Mu Us sandy land (LAI = 0.544 — 0.0691N_,, T = -0.76, P<0.001, n=58).

Leaf Ny, was measured for 2-3 individual clumps sampled within a plot. Symbols are in Fig. 3-1.

% 3-6 B FV AT D2 AR EL (LAD A5 (N-pool) (- H){f=+
PRAEZE, B AT IRAT 6 ANMFETT) o ANFIIFIUHE X ok 2 A8 it 1 22 57 SR FH SR DR 35 2 90 AT
(f) Tukey 2 HLELHL. ANFFRERORAT BE 2SR (P<0.05)

Table 3-6. Canopy LAI (m”*/m?) and foliage N-pool (kg ha™ land) for Artemisia ordosica across
different rainfalls in the Mu Us sandy land (Mean + SD, six plots per site). Differences in these
two canopy variables between different rainfall areas were tested by one-way analysis of variance

and the Tukey comparison. Different letters within a row show significant differences at a 0.05

level.

Canopy variables Yulin Uxin Otog Qian Otog
LAI (m*/m?) 0.38+0.03° 0.37+0.05° 0.35+0.04° 0.28+0.03°
N-pool (kg ha™ land) 9.2+1.0% 9.1+0.95" 8.9+0.76" 10.0+1.3*
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3.3.4 LAI Fiit MR 5H 8VC ERYMER KR

ST Al — R R O Ao, 1 §PC (AR  ZY YA K X
Z AR TR . DA TR, 8 C kA -3 A R it v
R R KEACHEA R E (£ 3-5).

M PR LAT LS 8C i 2 53 7 2C, 1K — R R AE B/K R R % Hh X (270mm)
FIE =AMK R X (320-390mm) 2 8] RIFEAFAE S A A B G (1 3-3,
F1H-6.76 vs. -8.19, P>0.05; #H, P<0.05). fERFEMIM 8PC T, BE/KRE B
R IX kEY) (270mm) FLAT 5 /MK LAL

_25 -
(o]
R*=0.19, P<0.01
3 26 IR2_ 021, P=0.07
S e © +
@ .
o 27k e T Ay FA
f [ g . + ta
< ° . +
3 L4 ° .’3 R
— 28 | ° A A + Atﬁ
® A *A :l: A
+
_29 1 |’ 1
020 025 030 0.35 040 0.45
2 2
LAI(m" m")

K 3-3 B HEH 24 DRI IEREE LAL 505 8°C MR, fERE— R il
SE T 2-3 MRMEEA I 8PC. FBIAR UL 3-1.
Fig. 3-3 Relationship between stand LAI and leaf 8"°C for 24 plots of Artemisia ordosica along a
rainfall gradient in the Mu Us sandy land. Leaf 8"°C was measured for 2-3 individual clumps
sampled within a plot. Symbols are in Fig. 3-1.
50 H 2 B, il R 2R oAb T 81°C (3 95 SLA (& 3-4b-¢) Fl Nipass
(P 3-de-f) B BEMKKR. B, 1 8°CHE Nuea FEHTA YRR —H)
Pl P EIEMIE (B 3-4g-h)e B2, Naea-dC IIEAHSE R RLERRK IR
fRHLIX (270mm) PIHEY) S HE = AR K B R HIX (320-390mm) )2 (8]
WL T S AR G 3T A R (B 3-42), Nareard°C KR AL 2 (0.89-1.25)
B WEZER (P>0.05), (HHAEZR T (P<0.001); X T F—¥FahE (&
3-4h), Nyea-d"C KARIR (1.18-1.62) WA BHZER (P>0.05), {HIL# %R
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KFo EGIHE 3-1.

Fig. 3-4 Relationships of leaf 813C values to specific leafarea (a-c), leaf Ny (d-f) and leaf Nye,

EHLIX (320-390mm) HI% Nypea=8'°C

(g-1) across and within species along a rainfall gradient in the Mu Us sandy land. The solid trend

line was for the data from the lowest rainfall area (270 mm), and the dashed trend line was for the

data from other three higher rainfall areas (320-390 mm). Symbols are in Fig. 3-1.
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3.3.5 MESRIDHEIERYIEIE

SR R W s AR VD ) 12 AN I B E— DR SE T R
SLA-Nass K ZRIE B KRR 2 S AT RS IR M 1 (18] 3-5, 38 3-3). ZR&40HT
B0 Z VD M AN T 5 e i AL L R e 0 2 A, SLA-Ninass KR RPRAEIX AA
B K I IX ) 54T 3 25 5% (P =0.68, £ 3-3), {AHARIEAEPI NN T X (4
B 7K 210mm-270mm, R/P 0.11) 55 JL8 PYAS B A0 i s X CAF B K
320mm-405mm, R/P 0.15-0.29) Z [alf7fE &%+ (P<0.001, % 3-3 A& 3-5).

1.7 . T ;
% 16 [ ™
= 15+t Se
— (]
= A . A
ﬁ # ) A
14
= A L ] -~
~ a2 & V-4
2 = » A"A/m/% +  Qinghai Lake (405mm)
ZE 1.3} o 9, XALK R x A Dulan (210mm)
g : /“ghfw A ®  Otog (270mm)
= 12t +/1 % X o Otog Qian (320mm)
+/ & 4 Uxin (340mm)
11 . . . X Yulin (390mm)
1.7 1.8 1.9 2.0 2.1

SLA (em2 g-1) [log scale]

K 3-5 T S AL v sl s (2RI, 12 MDD ik T RS RV R (24
AFETD B PE, RIT5S0% 3 80 Y SLA-N pag X RIFFRAKBEE IR SRIEALFS . IKEEFR R
9 e S AE VD HUM ) SLA-Niags IR FR (FHIRREL: 10110 = 0.61, P<0.01, n=16; Tgashea = 0.69,
P<0.01,n=18), LI REL RIS SLA-Nyas KR HEHREL: 1o0ia = 0.57, P<0.02,
n=17; Tgashea = 0.62, P<0.001, n=42).

Fig. 3-5 A test for the generality of the shift in within-species (Artemisia ordosica) SLA-Nyass
relationship between high- and low-rainfall habitats with pooled data from the 12 additional plots
in northern Tibetan Plateau sandy land (Dulan and Qinghai Lake) and the 24 plots along the Mu
Us transect. The grey trend lines were for the data from northern Tibetan Plateau sandy land
(correlation coefficients: ryq = 0.61, P<0.01, n=16; r4ssneqa = 0.69, P<0.01, n=18), and the black
trend lines were for the data from the Mu Us (correlation coefficients: ryyq = 0.57, P<0.02, n=17;

Tdashed = 0.62, P<0.001, n=42).
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3.4 it
3.4.1 SLA-N a5 5= 225G BE K6 E B SRS AL F2 243 A BRIK 2 BB BRI SR B

AELA) T 1 Al Ay bty AP R ORT A 53 Jlh 8 (183 AL ABA P [ 388 °85 45 B¢ Ay “ co-gradient
variation’ (Lusk et al. 2008). &% 2D o A AT FTAE Y FP ] FNFh Y - PEIROC R
VR M PS5 AEUT 1) B 7 2 5 05l A7 AT SRS A RS I 3R it T — NP 65 . B
1 Vb b B AKORR B (R I T 48 TR W, AF 5 AN =R AR R KT L AN A ol
F N 7K, SLA-Niass K RIE /KR EBARMX. (270mm) [FIAEA)FIIL B = ANFRK
R HIX (320-390mm) KR ML T S Ai R A (& 3-1). AEH
5 e i AL b P00 v 0 e 0 — IR S T X — I W (1] 3-5).

B REVHWI L R0 R, PR UL, BT K B,
HEZE LA %, HMREBAKR (K 3-5 F1K 3-6), FELAL 5 Nyeo Z [0
BERFOME (F 3-2). X450 7K Farquhar 55 (2002) & H BB RIAY,
) SLA-Niass I ZRIF B KRR B2 (K1 SRS A B I AL T — P A 25 R GEACT HOMLER it
B¢. Farquhar %5 (2002) iz 2% )74 5 4 Cowan (1977) Al Field (1983)
MER B RAE—, NN AE e 2 OO o ) i A7 E — A e K 40 ) FH s
BAREE R RV A AERR LR, 4 T SRR KB aR , et A A7 A
—ANEIE M Narear LS LM LAT (McMurtrie et al. 2008) o #E—N & Al A
RN, B TR K BI98D, LAL R, 10 Naea 800 (Farquhar et al. 2002;
McMurtrie et al. 2008 o Narea KA 147K 5 ki 11 15 I13X — IR AEA% 8 #4) (Schulze
et al. 1998, 2006; Turner et al. 2008) FIH& Z ALY Rl (Wright et al. 2001) #E
13RI

TR U, BABE Naeo HA BEAPEMAR YR W
B EFEIRBESE, WS Noea 51 8°C LGB H 57K 50 FI R 5 IEAH5E, Farquhar
et al. 1989) MJIEAIR K RIEFF/KEEBAMCHIX (270mm) (WY 53 E = AFEK
HE X (320-390mm) R A L T S B % (18 3-4h) . 7EAH
[l 81C R, B /K S AR X (AR 0 B 7K e 25 e b DX (R ) L A B g 1
Nureao ELIE EUE, HES = SHHRI G A RE A S 1K 81°C A (Livingston
et al. 1998; Macfarlane et al. 2004) . 7 fF /K B AL X T 300mm), )5 §C
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{H5 B O R I E YEFE AR B R C 2 K (Miller et al. 2001; Schulze et
al. 1998, 2006, 173X — 45 RAL A0 §°C A 1) 4 B A 2 24 MR A8 19 55 2% 4k o Seibt
55(2008) A A 81°C {H I A BEARLF (K148 s M 1K) KK SRR, DA A
AR PC Mo IR Ak COL WRIEH KR COLIRBEMILLAE (A0 5 )
SRR, AN IR COL IR RIS COWRBEMILLAE (AL h TIEMN
ST R I, FYH S R A LA R REEY, X R RS T
JEFT COL TEM: v B IR AS 1K 43 A1, Ty P90 PR PR 4 5 8 8 A R /)N (Smith et
al. 1997). —fickit, BEA /KRR TR, W JERENT Nareo H5 001, 2R CO,
FRIH A A0 SR T ARG I, K RTS8 T (Smith et al. 1997). B, T-5X
FEAD) FAT 5 55 1) Ninass B Narea X ISR AE 105 15 F T K 43 IO LR 575 T AT o 2
S, R TR R e e A R A, MR BRI S AL T T R RS S R X
A2 A% (Field & Mooney 1986; Chapin et al. 1987; Reich et al.
2003) . X HIER A VEE B BRI U, T PR PR B R S T A A A
TEAFIEE A P AR ORFFHOE & PE (Diez etal. 1997).

342 LAl 5FEXEYRIKLIFBARE °C)

- 5 XA 4 1 T AR ) B AR T LA g T K 43 1) 5 B (Prior et al.
2005). WA TG EMAKBRE, WEAEE LAT 51 8C H GHE 5K FI MR
S£IEAHIK, Farquhar et al. 1989) I HAHK S RAE /KRB (270mm) 1)
5 e = AN MoK BB X (320-390mm) (IAEA) 2 A B T S A7 F5 B
% (K 3-3), RUITF X R P I aDm BRAR LAT 317553 XA AR L 7K
SRR (8°C). Schulze 25 (2006a, 2006b, 2008) ILAE—LLRF7T KM,
BRI 81C K LA REMAAR /Iy, 7 2 S T o R A2 v R 1) i ) B e
T 8°C Atk . MWW Ak, LA 3K R (Gier & Running, 1977;
Woodward 1987; Neilson 1995; Luo et al.2002) DL 4ERF/K & (Luo et al. 2004) %
FREY) Bk, LA WA — BRI 786 B (14 S UL e S0 4 b e AR A7) AR K
B 7K 53 RBL LA BRI 7K 53 ) F SR o
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3.4.3 BR/KFILIRS 53 A AR R XS 20

-5 1 X AR 0 3 A AT R R T Narea (Nimass/SLAD (Cunningham et al. 1999)
SEEX AL, TR XA R A BN L TR AR Ninass> AT 32X
Narea (Cunningham et al., 1999; Wright et al. 2001) Ft&. AN, T RXEYHE
A 38 I A8 151 1) Nimass FIARALLIE) SLA SKARFFAL 51 1) Nareas RN AR A LEH G —ANBEK
B8 AT T3 b0 A S R R 0 A8 B A AT A DG DI s Bl B . AT BB
YA FEAEY)FI A SLA Il Niags (AR 22 KFRRE b2 IR IR 75 R 11 o FAT
RIFIER ], 0T [A) PRt AR DA ok U, BEAE KR R %, Niass 14
m, A8 SLA ZBUAK (K 3-5)0 (At R Hrt— 2 LW T FEK2 PeE kAR
I E DR (3R 3-5) 0 FRATIAE T8 s i A 0 v b eyt o PR 80 0 e et Al
WY, 7K B AR DX (R 2%, 210mm D) Y Ninass 22 EEREE XK Niass 75 ], 405mm)
i 50%, HH LGRS T 8% W T-HA AN A I Lk i, SLA 75
R ) (RS ZE R TR A (384K, 1T Nimass TEREIR A 1048 40 B T-HEA)
PRl 424k (Garnier et al. 2001).

—YBHFITIN A, HE) SLA H1 Ninags BEAT 139842 %05 1 11 BT PR (Hirose &
Bazzaz 1998; Van Arendonk et al. 1997), {HH'EWIFTIF A 1S H RIS R (Van
der Werf et al. 1993). % 1B FyPHL M ME PR UL, U95H] T B KX — 315
P IREIAI, HAT Naea 5 TIERE S R 2 IEMK R 3-5). XWIFZRNTE
W AR RGP, TRARS BESBKAAE N FHSOCR (RP=0.21, P<0.01).
TEVHIAERS RGh, MoK B IR R my, LR 50 Ik R AN 43 iRt 1)
TS AR V2 5 SRR I M X -3 A R B 1 SR A
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BINE DAY G FenT PR KR R R R

FENZE BRIV, WA 270mm-390mm (1B KBEE, v A=A A R ) A
M SLA-Niags K FRAEFEKEBALHLX. CFEFEKE 270mm, R/P 0.11) A E =4
B K B R X (FEFA/K B 320-390 mm, R/P 0.15-0.29) [KIFEY) 2 [AIA77E S A
BILE, BT BT F 10X R HAT 5 Nareao 7980 e J5U AL F 2040 1) 117
58 B e —AF S T X — GV . FEATE T, BATE TER A Narea
It A 7K D T 1 e 5 £ 5 RS R st BT R RT3 0 » 6 % 30D R 5 3 o S5l
SRV I LRI 5 HR R, il e R R (CCh) 5 81C i Mk
FAE B DNEARDS (RIS 7K 23 R AR R e O FED o (H2, FAA7 I
A BHAE (CC) HHATIFAE S i (Narea) FIZHE IEAR G R TR K
HIX (210-270 mm, R/P 0.11) 55K & X (320-405 mm, R/P 0.15-0.29) Z [H]
WAETE RIS IS, BITEAHIE CC. T, ARFEK X R LG i B K i XA R
B T Nareao 5 W HE DR PAT LL, 52 DR FLAG 9650 i T P07 TR 075 s I 34
A7 SRR P TR P ) Sl A 1

41 315

M- BT FE (Leaf construction cost) FRAE T AH ALK Il Rt v T a0 75 14 B
ARBLTE, H AR R PR TR R (K Fr 7 75 22 (10 3 46 Bl 24 %7 (Penning de
Vries et al. 1974; Bloom et al. 1985; Williams et al. 1987). A7 5 Ht -2 i #E
(CCp) s SRRy AR AL 43 22 S0 0k, T SRS TR R FE (CC) 32
TN A B & 1) AR BE R PR A EA T B A I e 4 7 (Griffin 1994) . @
AL 5 RPN IR A DG G 28 S W T LA i i et SRAS RIS AL 2 1] TR AL
M. RV R FERZ B 3% 575> (Lafitte & Loomis1988; Poorter & Jong 1999).
JEIEBRIE (Sim & Pearcy 1991; Baruch 2000; Barthod & Epron 2005). 37K
(Merino 1987; Sobrado 1991) F1 4 LBk (Griffin1993, 1996; Nagel et al.
2005) 55 2 MBS R IR 5E o DALt sl R RE VR A K S PR RE TR o P 1 AR S
FUHAR AT BE S T AE A6 AR KPR 110 A B0 A A0

U DX R AR L, 5 DR A AT LA S v PR S TR 0B (Nrea)
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(Cunningham et al. 1999; Wright et al. 2001), %5 1) Nyrea X 32 EHH (K1 7K 53 F)
R0 RAT B o 12 RO RS AR 2 TR AR g, i3 m
MOGEBEIIP T, HPTER /NS T BN RESRAT 5 W XA A 24 1) A
K, WO TR BB (Field & Mooney 1986; Chapin et al. 1987; Reich et al.
2003)o 1HJ2&, Narea IFIGINTESE mAEP7K 53R R I [FI, 0] R 2 B P it
£ SOHFEMIRE N, SRR AR TR e S DEUERE], ARG
T RRURIAE e P2 o PR P A A BATHR 5 1  O #6 - (Penning de Vries et al.
1974; Williams et al. 1987; Griffin 1994), 1Ak, H& BB M F, YRR FE
15 (Merino et al. 1984), Nagel 25 (2002) 4% T 35 [ 4 BB AR AR JLAS LA 4 Fil
TR P Re s B0 B 7e e, S5 ARAT, BARLTAR I SO #E 5 B T AR T4 o
i (LMA) FIRAL AR 2SI (Narea) AFAEIEAHIG . X T BREAK BRI LA A
BT FEFT Narea KRBT TUIR D>, WXL SE R PA TN T — 20 BT
FL DA L AT 5 Narea IR B AR 22 RO 20 L

fENSE B R GREIR 1200-1400m) 1 5 = R AL F8vb s gk
3200-3300m), #i# 200mm-440mm KR, Ml SLA-Ninass <R K S
BRI P HX (FE/K R 210-270mm; R/P 0.11) FHE PYAN B K B4 g (1 s [X.

(B&7K & 320-405mm; R/P 0.15-0.29) Z [MAFLESRMSAI IS, F3T HAEN
TR X PR AT I Nareao TEATHITH, BATE ERIFEYIFN A Narea A
A EIKBE EE RIS e 75 2 s DR AR S N . e, TEBS RV
A — N ZE AN KIREKBE R, BRATR I T AT A CCa-Narea K FRVEH B
TR L WA S A, 30— 20 F 5 3 e B AL S0 i (R i R IR 5 = Vb
K g Rtk o LU, AT TR R RO RE S KR R A =
FHOGR R, LLE— 0 B A b P it S RE IR AR A AR 2 KRR Eo2t B kAR A
TS5

42 MR5FE
4.2.1 ;BE BRIV HFEKER E AW FI LI R E

R EZYH, P55 DBEKERREE (270-390mm) HEAT R A+ ERE 5 1R 5K
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o REETTE SRR VE IR =%

422 B HERALEDY s R R AH A L IR AR R4

A MIFEER S (210mm) FIFF M (405mm) %o Vb iyl Fh e db AT R 4 A 1

SR A IR AR . SREETTTETE LSS =55,

4.2.3 EMH RN TIEER S0

TR EE A TR S BEAE RS BT Horh B RS H YLK
R, TIPS 5 KoCrOs-HaSO4 I

W BF AN RAE IR S A2 SE 5 = T 70°C B LT 48h BAEE, FHH
MU EE, 1 80 H i FRIATH RS & K& BRI i BVE I . 5 &
(R R LG E B Ko F R AR AR o B3 ) REd vk e, &
T 550°C i L N AR 15min LA E, B, BT TR TR HUSRREE, adsk
W R IR RREE 2g, R E T b, AR KB EZS N, ber oM.
I KRR 2 5 JR T N TE 500°C T HRKE 3-4 /MBS, BRI T AL, ¥
HEWE . MMM (%) = (GHRE+HKE) -HHIRE) <100/ ((HHEFf
an D) —HIED . B SDCM-1TTa S A H VI E T B AE . B 2
RS, PR S [R] IR A AN 1%

424 ERGHENEE

XTI AR e, F 2 3 M5, 52 Pening de Vire 55 (1974)
S th AR 70 e D532k E A=) U AR 03 R) s 2 5 MeDermitt (1981)
e F T2 AT I A e KA 2 T I G A s Williams 45 (1987) 7F &
FEE A BPE T BRI e, IR B =R s r kT T . e E S
BV R R DU 5 VR 5 T BT AR R — B, I e R A I R T I — £
[KI 5 McDermitt (1981) Fl Penning de Vire %5 (1974) K& BoA T 54 52 2R 1K)
I, JF oA Ry, HT s #EI e 28R A Williams 25 (1987)
(7vk. Williams 25 (1987) £ Hi k- sl A 15 2K
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C =[(0.06968 x AHC — 0.065) x (1— A) + (KN /14.0067) x 180.15/24]/ E

b C Oy s R O RE (R g AT /g T AHC h#VE

(KI/ g T ARG ER (g KOy /g TYITD: k AEEREDHERIMN
A (EEFENS, BEEN-3): Nuass AL TR A S & (g B/g T
YD: BG AEKME. W KEUIT, EG —MCh 0.89 (Wiliams etal., 1987).
FEVHE Y, FAVRBIT A AR R RS E, B TER 2 B8 T i
AR EESHY R EENERIE (Villar & Merino 2001), 4% SR & JFHLX
SEAI R FOKYE (Atkin et al. 1993),

4.2.5 BIR

AN T 7 1 A 355 R 5 M DX D) b 8 S T R T 222 e R L TR R 2 43 AT A
Tukey 2 H L, 80X MIFEAZCANF I, KA Tukey-Kramer % 3 Lt

i B2 M [ U5 0 B R A0 T R A AL TR B B 6 (CCo) 5 BT A
R (Nye) MK TR AREBFFTHX YRR SCR I 2 5 (CCy N HAR 5,
Nurea W UE R, KR HAL R T T7 24T 70 BT (ANCOVA). HhJ7 22 31
FHRAS G J A% IR 2 2 (R 2R R R IR 22 5 o i SRR I AN TR B K X CCaNarea
REFRIAANE, 2 5 TR 22 7 o oA TR 2 R R A 22 57 AN [
TR I E A A .

K H 22 ST M RN TR i AH 5G 73 ATt DA A A0 -1 358 A1 -7 55 ok s 7 8 PR AR
M. T AU SRS R VI C(r = 0.84, n = 33, P < 0.001), 1M
B K S 2 T X R A B BRI IR (Wright et al. 2001), [RItk, FRATI7E A<
SrAT FCRH T BRI R S AR . TR B b # R A
SPSS 16.0 HidkAT, By W AP P <0.05..

43 4R
431 HERBEZESHE. ROURHAEEWXER

CCo AL JRI} 3 BT i =AM IO LSO = AR A7
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PRI B ¥ S B AR A A S IR g T i AR (R AR A o X6 T[] — A eyt 8 B 2
Fhy KL, ERAR (390mm) . FRAE AT (320mm) FFFFLIEHE (270mm) =
AT, [ 2 VP HIA A I AVE 2 T (P < 0.05) Biffim T+ (P <0.10) [
EVPHAEY) (3% 4-1); HE, HIKp&EET (P <0.05) BT (P<0.10)
S Ji] g VAR (3 4-1) 0 i ity FAERIAR 43 B i W A 7K h B 1 7 S A 7
[ 60 P[] by A 5 P A7 20 S o [ 5 0 M ol 3 PR AL P B K e (R X
MO B (P <005, %4-1), AHLE=AWUX R ZERREE, LK S
AR DA UL IR ) 22 S AN B3 o A0 E v b AR B il ot FAE VR A
IKER VA RAAZH (P> 0.10, 2 4-1), IRA> & A0S0 T va B HER 2w BERLIE
(P<0.05, ¥ 4-1),

KT CCn B IOFE B A SRS S IAH KRR, B8 AT R AL
[l RN, CCr SV 2 B35 IEA K (K] 4-1a,d,R°=0.86-0.88, P<0.001), 5
IRy B 2 2 K (] 4-1b,e,R?=0.65-0.76, P<0.001), 5% & &2 IFEM
5 (Ffa], & 4-1¢,R*=0.18, P<0.001) BAHSCHEAEE (FiA, K 4-1£,R*=0.05,
P=0.01). H, #ME5 CCnIAHRMERR, JEPRIE CCn I TER T

4.3.2 {EYIM A CCa-Narea KR IBFEKBEE RIRI SRR RIS IR

A A @R R N 2 —, b TR, T
CCa-Nurea KFRES, FATRIE 30T T AL A HE Y Ny FIRR, BOYHUE
FEPE RN R E BT (E 4-1a,d). S TEBSRWHFTEYFORYL, CC,
FURAT I TFHE Y N IR RIEFEK R EACMMHIX (270mm) RIEAE, {H
RS EABKER L (320-390mm) MR ARNEE (B 4-2a-b), B
FU MM E CCy AR M TR AVE S Narea R 1IEAH I IC R AE B K B AR M X
(270mm) ALY = AN FKER X (320-390mm) 2 (8] HEL T Sems 47 A B4
(Kl 4-2c, #12 31.11 vs. 29.27, P>0.05, #k#H P<0.05; [¥] 4-2d, 712 386 vs. 393,
P>0.05, L P<0.05). EAHFEIH CCy AEALH IRV |, B R b X (1
FELAD) L B8 K R 2650 oy T DX AR ) LA T 73 1) Noreao 1T BB FH T AEAREOR D, 25—
Fofr A= AD 7 B R I I R ABAE) CCa-Narea FHE KR (] 4-2e-D)
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41 B RVHAR FKAEERE T 5 AN EWRH A IHE (He, KIg') MK SR (Ash, gg') CESHEbRIEZ) . AT IR FIF 8] (A 7 755
AR A AR 7 & S AR DU FTHLIX (0] CRE R IR 2 ) ONS5RE) R %R (P<0.05).

Table 1. Heat of combustion (Hc) and ash content for five dominant species across two sandy habitats and different rainfalls in the Mu Us sandy land (Mean + SD)
Different letters within a row and a column show significant differences in within-species Hc and ash content between different rainfalls (capital) and between two

sandy land habitats (lowercase) at a 0.05 level, respectively.

Species Yulin Uxin Otog Qian Otog
H, Ash H, Ash H, Ash H, Ash

Fixed sandy land:
A. ordosica 20.13+0.39** 0.105+0.008* 18.87+1.11*%  0.133+£0.039™*  18.79+0.090°® 0.101+0.012** 19.35+0.62*®  0.110+0.013**
C. komarovii 19.67+0.41** 0.102+0.009%® 20.33+0.63%  0.104+£0.018%  20.75+0.13**  0.112£0.001°®  19.65+1.01**  0.134+0.016™*
C. intermedia 20.41+0.23%  0.081+0.008%  20.87+0.59%  0.096+0.005*% 19.71+0.59" 0.114+0.022*
Semi-fixed sandy land:
A. ordosica 18.82:0.54%* 0.121£0.016™ 19.3440.39**  0.112+0.013**®  19.37+0.35**  0.102+0.011°®  18.91+0.38**  0.121+0.009**
C. komarovii 18.92+0.16°8 0.108+0.020** 19.55 — 20.02+£0.44°*  0.132+0.001°  19.37+0.756*B  0.114+0.010°*
S. cheilophila 21.12+0.09* 0.0720+0.003%  20.00+0.10®  0.088+0.007*
H. laeve 19.51+0.42*  0.074+0.011* 19.53+0.35" 0.094+0.010"
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(390mm)

Fig. 4-1 Relationships of mass-based leaf construction cost to the heat of combustion (a, d),
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nitrogen concentration (b, €) and ash concentration (¢, ) of leaves across and within species in the

Mu Us sandy land.
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Fig. 4-2 Relationships of area-based leaf nitrogen content (Nu..) to (a, c, ) area-based leaf
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construction cost (CC,) and (b, d, f) heat of combustion per leaf area across and within species in

the Mu Us sandy land. Symbols are in Fig. 4-1.

433 BIUESMERERSM 6°C ERHEXXR

RIS BT, 6T B R AN [ — 4R R Ao fb 7k 8, 1 8°C i

5 CCh 2 EF IEMK (K 4-3a-c).

24 -
(a) All species
25 + ., ]
R”=0.34, P<0.001 ° o
s 26 |
MU
o
< 27 L
]
=
-28
A
-29 L
1.0 11 1.2 1.3 1.4 15
Leaf construction cost (g g'l)
25 -
(c) C. komarovii
-26 -
D
S
O
© 27 ¢
%=
G
<
]
=
-28
+ 2
+ R"=0.47,P<0.01
-29

1.2 13 14 15 16
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-25 ¢

-26

(b) A. ordosica o

- 2 o
R =0.17,P=0.001 °

Leaf construction cost (g g'l)

Bl 4-3 B FWPHAEWAE (2) RIFFHN (b-o) BUERRIAA F A (87C) Hf it g

JMIHFE (CCp) MIFHIRIC R, KB ILIE 4-1.

Fig. 4-3 Relationships between leaf 8'3C values and leaf CC,, across and within species in the Mu

Us sandy land. Symbols are in Fig. 4-1.
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4.3.4 [PEKF0 L IEFF 4 X IHEE BYE FE Y FE X 820

KT R 7R, CCo 75 1] 52 - [ 2 0 b A B 1] 1 22 S RAEAE T
B K SR AR (P < 0.05, 3 4-2), i CC, 7 /N0 i A 358 1) 1) 2 57 ) LA
T PR EBAR AL IE (P <0.05, % 4-2). HTHIELE CCy ML i3
SAER, LG AU M CCy AR 32 58, BT LUK A s A= 5% i
(4 2 5 ([, 20.1340.39; [, 18.82+0.54) LUK SHHE v HEW NV b A=
B FHOH A (SLA) BB ZR ([HE, 84.2+48.8; :[ilE, 98.7+4.8) fE—&
FEPE LARFE T CCw Al CC, EPIANYHIAE BRI AR A . TEIR ST T [ P b o
el g VPSR, CCp 7EPUANANFIEFCHLIX (B 22 R AN 3% (P > 0.05, 3R 4-2),
CC, £E DU FT b X [H] AR 1L A BUAE

A AH O3 BT 2 W], X3 PRI ] — 0ok B, CCn SR K B TCAH G
KER (P>0.05, & 4-3), (HEEA TS BRI N (P<0.05, % 4-3),
CC, 75T Py A0 [F]— 4 Fish 25 v 55 B K R0 38 5 IEAH DG (P < 0.05, K 4-3).

4.3.5 ¥ FE L EIDHEIEAYIGIE
Tk e B b B v b AN AN [R] B K M XA 12 ANEE 7 I 5 Bdlg gk — 2P F s 7
P CCa-Narea < ZR T B KRR FE SRS FE IS (] 4-4a, R1H 28.87 vs. 40.04,

P>0.05, #%FE P<0.05; ¥ 4-4b, #% 372 vs. 517, P>0.05, #&FE P<0.05). [A]H
SR, [FE L Z VST 45 5 — 50, CC 5 8VC Ml 2 B3 IEA (K 4-5).
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® 42 BYRWHAR BEARKFIRACEE T 5 A 120 Rh SR T I A (CCon) A A AR I B FE(CCy) CPFIMEEFRUEZE ) o AT I M 8] B AN /] 7 BF
ISR N CCop AT CC AENUAMITFTHIX (] CRE 7R MR A2 (8] CNE 7R A RFEM TR (P<0.05),

Table 4-2.Leaf CC,, (g g") and CC, (g m™) for five dominant species across two sandy habitats and different rainfalls in the Mu Us sandy land (Mean + SD).

Different letters within a row and a column show significant differences in within-species leaf CC,, and CC, between different rainfalls (capital) and between two

sandy land habitats (lowercase) at a 0.05 level, respectively.

Species Yulin Uxin Otog Qian Otog

CC,, CC, CcC,, CC, CC,, CC, CcC,, CC,
Fixed sandy land:
A. ordosica 1.414+0.04* 172422 1.3240.10* 143+£12%8 1.32+0.02°4 1584238 1.38+0.06™ 169174
C. komarovii 1.394+0.04** 148+8* 1.46+0.07" 135+11* 1.4440.01** 13548 1.3840.09** 151+8*
C. intermedia 1.51+0.03* 120+38 1.51£0.05* 14542 1.42+0.06™ 127+98
Semi-fixed sandy land:
A. ordosica 1.2940.06°* 1672048 1.3440.04** 153+15%B¢ 1.3540.04** 193+£32%4 1.3440.04** 136+8°C
C. komarovii 1.30+0.02°* 155+41%4 1.42 — 1.3740.05* 138+18* 1.41£0.07** 132+3%4
S. cheilophila 1.54+0.02" 160+14" 1.46+0.03" 120+9°
H. laeve 1.45+0.05" 1309 1.4240.05" 132444
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X 4-3 B FWPHF Y §7C . CCu T CC, KR 157 43 (K M5 BT

Table 4-3. Partial correlation coefficients for relationships of leaf traits to annual rainfall and total

soil nitrogen in the Mu Us sandy land

Dependent variables
All species (n=99 ):
CCh
CC,
Artemisia ordosica (n=59 ):
CChn
CC,
Cynanchum komarovii (n=20)
CChn
CC,

Total soil N (mg g™')

0.20°
0.23"

0.28"
0.27"

0.16
0.08

Annual rainfall (mm)

0.04
0.23"

0.03
0.32"

-0.07
0.22

"P<0.05, "P<0.01, "P<0.001.

240
220
200

180

Leaf construction cost (g m'z)

160 L L

2.0 3.0 4.0

Narea (g m—2)

4-4 ek ey J A FS b Myl R A TR I 2R

HARE (b)) MIAHIRE R,

5.0

Heat of combustion (KJ rﬁz)

P=N
(=N

3300

3000

2700

2400

++ +_4A
3.0 4.0 5.0
Narca (g m_z)

735 PR T AR S AR (o) AR

Fig. 4-4 Relationships of area-based leaf nitrogen content (N..,) to (a) area-based leaf

construction cost (CC,) and (b) heat of combustion per leaf area within species of A. ordosica in

northern Tibetan Plateau sandy lands.
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23 -
A Dulan (210mm)
24 b
+ Qinghai Lake (405m1ﬁ) A
~ 25 |
=3
&
o 26
S 27t
I
Q
= 28 | e
T+,
29 | +  +4 R =0.31,P<0.05
29 + _x+
+
-30
1.2 13 1.4 15

Leaf construction cost (g g'l)

4-5 i R AL s E AR BR A LA (81°C) SRR R RE (CCy) 1
HRKR.
Fig. 4-5 Relationships between leaf 5'°C values and leaf CC,, within species of A. ordosica in

northern Tibetan Plateau sandy lands.

4.4 i1t
4.4.1 YT CCo-Narea X RIBIEKFBEHRIBAUBNEZREFBESTEFEN

VBB L, 5 DX A Narea RIS INESR S A 7K 23R HI 0% (Wrright et al.
2001; Wright & Westoby 2002; Reich et al. 2003) [KJ[AIf, 7] GE -t 5 S0k 4 -2 %
THAEI G I (Nagel et al. 2002) . 555 VP HLIHET Narea Bl B (R385 0 11 56 03X —
WA R, HIRATBETUX — ) B T Rl BT 4l R W], 8 CCa-Narea IE
MK RAE MK B LR CHRFETOME, 270mm) FREY AL E = AN K R 5
MoK CRTRR, 5o AN SR HE TR R, 320-390mm) [RIAE Y T th L T Sems A7 4%
G B 4-2) 0 FRATIAE 75 9 e S AL v b 00 52 B id 5 5 73X IR 1) %
Pk (Kl 4-4), ZEARIR] CCy 1, Bie7K R dpe R DX (R RLAY) LU B K A A v L X TR AR )
H AT B 1 Nareao

CC, (CCw/SLA) WTHINEE R 1B AL T 4G T A=A 27 (A2 4 (CCr)
FEA2 (SLA) [724L (Griffin 1994). #FFTIAN, ST e My mEs e 4R
Kt o CCu HEAR PR RN, UM AESEI) 22 AN A2 BAS DR ILAR 24 41 By 1)
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AR, NTANS 5 B FERI LAY (Penning de Vries et al. 1974; Poorter &
Bergkotte 1992; Poorter & Villar 1997). HAHIIIAN, K FAFRALE NEY
HAR BAAF A28, AR CREA. ARJRE) Z M EASE R
L vE REA) ST S AR REA BT I IR BORH O Ok 281487 T G #6122 5% (Chapin 1989;
Poorter & DeJong 1999; Villar & Merino 2001). 7ET-F4EE R, WY A IESK
2 o) [ AT T EAK, ol PAY (1 228 it S0 A 1A 4 350 40 A A A 20, I F it 7 TERS
AR TN COy FEM P W ESHIAZIE 73 A, i 1P IR B8 A K 23 ) 2%
#. (Smith et al. 1997), CC, &AL THMBATCEEHMRE =BT, Kk, #ik
A FRSERDE B R UK R, SE X AL, TR IX A ] RET
BN CCpo LR BERBL 2L (2007) XiF A/ B 5o A1 1L (X S8 v B3 725 1) Mt
RAEREAT TAIESE, S50, il (kB 20 2R Ok i O LR ey o e
Ry PR ISR AEAE — B PR RE B T CCa-Narea JEFRUTH WA BE 1) HEWE AT
BIZ

4.4.2 BE7KF0 18 37 53 X 2 BLH FE BV AR T R0

SR TR JaE T A O PR EE LR - (i AT TH AR AR 4o —SeRETTE AR, #
WIAE 52 B A BT K 7 e i, S FE 90 (Penning de Vries et al., 1974;
Amthor 1989). HIEHI &, Pitelka (1978) WA NAMIAEZ BIPABE AN, HY)
R FESS B LASE s ) SO0 BRBE (W I&E M o Villar & Merino (2001) & T 14
AR OASRBIRIRAD 162 MM RS FE, 45 R R, VRIS
A 3 ) BA d v AR TRD AP B G 6 . FATTHEB S RV MU ST 4 R R W],
ST ETA YRR — Mkt CCn WA KA KA B (R 4-2 IR
4-3), X4 Merino (1987) MWIFTE R 5. Merino (1987) ¥turhify 30 Fe
WA KRS S VR R 53 SRR AR, R IR 3% AR S . A
ISt S T RV A B /KO AR S WA T e 5 ik ZEAS ) AR 355 B A ) (1 ARk
K. ARG IIE T LS 3 — S S R, XA ST LA R4 A
ST ORJFEe) sy /K A: IR C ORI ), (H I ) i (¥ 45 1 7 B4
r I Re S, (A B FE RS BTy 3 — 5T, R s e R 4
H{RRE & 4L 2 EA D, WA AU 7t % (Chapin 1989; Poorter 1994
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Poorter & Villar 1997); (&g BV 2 73 [BIAA (R SRAHDC, sk sy, vl
JEFIFH 7 B2 (Chapin 1989). I v BAR BAT AR AL 4, HAR W e 5 B0
AARR I S e K o DRI, P At P BT A PRS0 B 1) AR S R AN 5 %Mk
GBI TT AR, 5 &AM S PIIIRERE LA A A BE R R 280 AR A K

WA A, CCp BB TIERE S EMH IS N (Laffite & Loomis 1988;
Shinano et al.,1995;  Griffin et al. 1993; Griffin et al.,1996). {HILEHFFT I B A 1S
HRU 45 R (Merino 1987; Poorter & Bergkotte 1992; Poorter & Villar 1997).
AT KR, B RDHME M CCo B T3 A (MG 0
$&m. Griffin 45 (1996) BTN, T3 E S & KI8T A &
(Rrsn, PR b R R T R A, R R G N B T
BT ARG IR B AR I LA, BN T e R R A Ay I EE A, TR N T Ay
IR RS RE . B SRS Rl an, IR S BN IR RN E S
FVP I E A A S R (R 3-5), IMEM AR RS CCn HHA R
b, AR CCm 1 RE M R B8 AN A 0 I 58 i i 502 S 17 S IR
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B 4 RE

FLE GRE5RE
5.1 TELE R RS

5.1.1 i EEIFNEF SLA-Nmass KR IBFEKBEE RIRIEAIZ R H T AR

SLA-Niyass K FRALA AT b X 50 1 X (1) )b 2 A7 SRS AL A IR
AT PP AT 1 Narea. (Nimas/SLAD, - AT AT B 55 (11 K 20 R B0%
(R H AT TS AN 23X P S A7 7 I 5 oh T B K AR A 10 B 5 ) B8 |40
SRR T S8 B Z U KBE FE 5T 45 R W, VD E IR Y SLA-N pass
KR B B AR X (270mm ) [ A 4 R = AN B K R R v b X

(320-390mm) [FIAEA) 2 (A HE I T SRS AT RS ISR, 75 K o i b 00 b P4 iy o 0 s
Bl 50— 80 BATHILE AR SE TR 7K 51 SLA-Nnass < 28 FEBSA S IS 1) 3%
i

H AT SLA-Ninass I FUTA BB L I SRS A7 R A0 IH B Z HLER RS . B
BRI IR — R, B KR R, R eSS LAL FHK,
HH R R A KK 3-5 1K 3-6), FELLALYE Nyrea Z 18] 12 1 25 571UAH K (r = -0.76,
P <0.001), & SLA-Ninass K FRUTBE KWL LSS AL B I B AR ML T — PR RGK
S MLER AR o

5.1.2 WHEEMTFEE CCoa-Narea KRIBFEKELERIRIRUB R HEEBETFENX

SLA-Nass < 5 1T B JE 1) SRS A7 A8 I % 5 B0 /K S AR X A 4 LA
151 1) Narear Narea TIN5 23 3B & (18 A il AT AR A E . B R
b5 5 8 S ALV H R e s R, ME M CCa-Narea [FIEAHIOC FRUTIE
IKBRPE AR SRS RS, FEMTA] CC, B PR/KIE BRI (270mm) [{IFEY)
P = AR B m X (320-390mm) FIAEA EA T 5 11 Noreao FRATIAISE H
UESE T Narea W BEZKIRISG N T A 3 BURAT R TR) T A ARG I o 31X — A2 3
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5.2.1 ¥fEK 2/ F 200mm e XhE AR B4 FE M E

JH T R A R S VR B Ukt X[ s R0 P ] v b b K AR 2 —
HOp s 7 100-400mm HERKEIEE . AW AR ARE T —4
200-400mm ) FEKIE T I 1) S5 2 AR 3= R, X B 7K IR 1 200mm 31
DX YT v A A SIS N I OB W S B8 = BRI, SLA-Ninass IIIEAHIG
RAEFEKE/NT 300mm (R/P, 0.11) Hi D FIFE/KF KT 300mm (0.15-0.29) Hi[X
HIRE) Z [FAFAE SRS AL RS I o AL, X BT R M X (F 7K 5 <200mm, R/P<0.11)
s DR, ) 78 0 o AT B A A 2 A A T A S RN R R e S T R
[ 15 SR b 43 A1 ¥ Pl A AR AL o

5.2.2 A A SEEIFHER TR

B i T AR R /IS 3 B T 2 PR 5 88 2 T RO o P J5E R A 189 o el L
AR CO, M AR SR ARG I, AR T A IBOC &R
S KT RE N T B T N AR B i K B A AR AR L HES
K, ARTH RN CO Y . WETTRDT, N Niass 1520055 T3 %
(van Arendonk & Poorter 1994; Garnier & Vancaeyzeele 1994; Garnier & Laurent
1994). NI, SLA 5 Nipass AR IR AT REAEAR KRE L EHUAR Tt J5E R 55 i
1Ak S FOR SLA I oTlRER L o X vb A R 5 e Ak ORI S REA A AT ) BE B
B SLA + Ninass FH Narea 747 B ACER S AL 1 AL FL AL 2570 3

5.2.3 TORXE SR FRIBE KA FE

ERRGKFIHZHE (water use efficiency, WUE) ZIRAFREESR RS
IKBBAGEI AL G 8 R EARR, W AERRG WUE I 2548 e ik LT
B T HAR R AR B R GK . BRIEFRKISENT (Baldocehi 1994; Yu et al.
2004; Scanlon & Albertson 2004; Ponton et al. 2006). Hfil, AT 6K F B 7K )
FH 2% ( Rainfall use efficiency, RUE ) K434 RGEHTUGAN LK 73 A FH I 2
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) A% 545 (Le Houerou 1984). 28 = F HIBFFT R, TS X HWRIHE AT 38 LAT
() AT A 7531 7 DX A ) 5 T DX A A LA AR K A R e (870D 1t )2
B ES RG T, LAL 2 A& R4 RUE 1 32 T (Kato et al. 2004; Hu et
al. 2008« FE AR F K 43R F Ak 3R I R e b4 2 DX gt > wi T I 11 T
KPkilk. Bk, A ERATRAEIAT IS R EIEATRBIX S RS RUE
FIE, TR AR RGBS X AR 4 BR AR IR 3 Y 55 0 AL
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