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ABSTRACT

MECHANISMS FOR ALTITUDINAL VARIATIONS IN
NET PRIMARY PRODUCTIVITY OF ALPINE
MEADOW IN CENTRAL TIBETAN PLATEAU

ABSTRACT

Alpine Kobresia meadow, the major pasture on the Tibetan Plateau, is one of the
highest-elevation vegetation types in the world. Exploring the mechanisms for
altitudinal variations in net primary productivity (NPP) could help us understand the
key issues in ecophysiological adaptations of alpine meadow to climate change, and
further provide reasonable principles for pasture sustainable utilization. In this study,
based on grazing exclosure, we measured vegetation biomass, species richness (SR)
and related climatic (air and soil temperatures and precipitation) and soil (total
nitrogen) variables along an altitudinal gradient from 4390m to 5210m in central
Tibetan Plateau. Vegetation biomass included aboveground biomass (AGB) of whole
community and five functional groups (sedges, grasses, cushions, legumes and herbs)
and belowground biomass (BGB) of whole community. Effects of climatic and soil
variables and SR on biomass were analysed at community level. We then determined
plants specific leaf area (SLA), leaf nitrogen concentration, leaf 8'°C values and leaf
water potential values of one dominant species, Kobresia pygmaea, and two company
species, Potentilla saundersiana and Saussurea stoliczkai. Further, we addressed the
issue that whether low temperature at high altitude area induced water and/or nutrients
stress on plants production. Main conclusions as follows:

1. With increasing altitude, air and soil temperature decreased, while precipitation
first increased up to 5100m and then decreased. The index which represent the
combination of water and energy (the ratio of growing season precipitation to >5 °C
accumulated temperature, GSP/AccT) increased with increasing altitude.

2. AGB and BGB of whole community as well as AGB of sedges showed unimodal
patterns along the altitudinal gradient, while AGB of the other functional groups
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(grasses, cushions, legumes and herbs) did not have consistent patterns. Sedges
typically accounted most of total AGB (46% - 85%) from 4650m to 5210m, while
herbs and grasses dominated from 4390 m to 4650 m, and cushions only occurred
above 4800m. SR positively correlated with AGB along the altitudinal gradient.
However, the positive SR — AGB relationship disappeared after removing the parallel
effects of environmental factors on SR and AGB, indicating that SR per se poorly
predicted the variation in AGB in natural community across environmental transects.
Total AGB and BGB and sedges AGB all fitted well the threshold-like logistic
functions with climatic and soil variables. GSP/AccT ratio was the best explanatory
variable, indicating that drought at low altitude and cold (induced water stress) at high
altitude produced optimum combination of water and energy at mid-altitude, and then
determined the unimodal patterns of biomass. The optimal values of growing season
mean air and soil temperature and GSP/AccT ratio were 5.82 °C, 7.37 °C and 0.80.

3. We then analysed leaf traits of the dominant species, K. pygmaea, and two
company species, P. saundersiana and S. stoliczkai. Leaf traits we concerning
included specific leaf area (SLA), mass-based and leaf nitrogen concentration (Nyass),
area-based leaf nitrogen content (Ny.,), leaf 5'3C values and leaf water potential. With
increasing altitude, leaf 8"°C values first decreased down to ¢a.5000 m and then
increased, and thus negatively correlated with NPP. leaf 8"°C values could well predict
the altitudinal variation in NPP. SLA, Np.ss increased, but N... decreased with
increasing altitude, but then had no significant trends beyond ca. 5000 m. Thus,
variation in NPP and leaf 8"°C values could not be explained by SLA and N in high
altitude (>5000m), indicating that limiting factors on NPP and leaf 5"°C values might
differ from that on SLA and N. Combining with the altitudinal variation in
environmental factors, drought stress induced by low precipitation led to the less
negative leaf 3'"°C values at low altitude, while low-temperature-induced water stress
decreased the discrimination to ">C at high altitude. Leaf water potential of K.
pygmaea also indicated that water stresses were lowest at mid-altitude. Therefore, we
concluded that biomass production was primarily controlled by water stress (induced
by drought or low temperature). Different trends in leaf traits of company species
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ABSTRACT

might indicate that competitions from dominant species also played important roles in
their survival.

4. In conclusion, our finding indicated that, along altitudinal gradient in arid or
semi-arid areas, vegetation biomass production was primarily limited by water stress
which was induced by low precipitation at low altitude, but by low temperature at
high altitude, while nitrogen concentration plays minor role in such water deficiency
conditions. Therefore, the response of alpine meadow to climatic warming may vary

with altitudes because of altitudinal shifts in limiting factors of plant growth.

KEY WORDS: 613C, Alpine meadow, Biomass, Leaf nitrogen concentration, Low
temperature, Tibetan Plateau, Specific leaf area, Species richness, Water potential,

Water stress
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WEET, BT s IR S BRI R 6 & AR e R 00 7 PR I e i i s e
ALK IR T = R A E v, R B X R B
A7 g AR i S A AR A X LR ) T A EAR R I, e I s AR
T X EEH X R A A A ARG T 3 BUR K 23 BRI E (Vitousek &
Howarth, 1991; Kérner, 1999, 2003a, b; Luo et al., 2004b, 2009).

AR ARAR L T2 B NI [R] [0 ) R) 2 — (IPCC, 2007; Rosenzweig
et al., 2008; T fPALEE, 2009), Jf H.wmn &l & K v it b i OGS AR 44 B 4 Uk
(Chapin ITI et al., 1992; Gottfried et al., 1998; Diaz et al., 2003). 4=ERIEE T
L& 50m 20 B S i R X P 2 e SR AR S R S5 i A D Re kA2 T W3
4k, (Grabherr et al., 1994; Walther et al., 2002; McGuire et al., 2007), UIHE#
YTl 2 FEPE T B (Walker et al., 2006) 4K ZF4EK (Smith et al., 2004; Euskirchen
etal., 2006; Piao et al., 2006b) . #)#iT#% (Grabherr et al., 1994; Pauli et al., 2003;
Cannone et al., 2007). “E7= 3840 (Piao et al., 2006a; Day et al., 2008) %%,
151 T B BR AL 1 i DG o ARTAT, AR Tl FE AT AR A s — 30
THEaAR UL, BRK 1A A AE AN R DXCRIAS [F] B 39T 47 F 22 5% (Bradley et al.,
1987; MRARFERRAWTZE, 1996; Weltzin et al., 2003; 5= 444t4%, 2005; Crimmins et
al., 20110, M= TAF I KA A o B FTAT IR R FE B AS [ K S A5 6 A
WA R A B TR AT P R AR R TR AT 5 R RS R LY
ATy BE 11 AR

— R UL, DX R AR R BRI A ) il R K S LA S R I
FHEM LR (Rosenzweig, 1968; Leith, 1975; Field et al., 1998; Knapp &
Smith, 2001; Luo et al., 2002, 2004a). WA RGHKE, XL FAY
A= ) 5 K YIMOE (Salaet al., 1988; Burke et al., 1997; Lane et al., 1998;
Ni, 2004; Yang et al., 2009; Ma et al., 2010). {HSE, XEERFFTHREAE LK
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SRR 2R R X FF IR, fEIX U 4T, il A 22 W G A D R
(R R I . SR, BEAE IR T m, W BERRAR, T Bk AR AT S48
Fath, AT O AR L T 7K AL & 5 AR R FE AL BB B & T A
Wil AN, TBCHCRR LA IR i 1) 2 St o T HAR A 26 7 g [ A P A
Ja (Lietal., 2008; Hirota et al., 2009). Bltt, H AT WA FE A 7 D) 7E4R
A EE B (RS A 2 75 [RVRE I SR 0 BE RN 25 B b b 5 W A RIS 1) 5 2 T R
AR . B BRI LAl T R RN, AR R A
WA D7 R BRI TR - T REAEAE 25 5o AR “BRAIEE 7920007 (Odum, 1971), #4
P EAE A = AT TP AR T INZRG YRR, SR B H rh— Pl JLRR G
FHEDA 1R B o M PRISE DR T M 2 A A0 A T T R B EE AL A B A= )
g I fe KA Z M 6N (Crimmins et al., 2011). % Tk, AR, 2T T
ELA T B X v R ) AR A ARG AR 7 ) 1) PR A D4 B A e P T T
IR AR, BT, AR RR M DX S 1) AR X R (53
IKOTIINIED) BEAR NI T AR A 2B 7 I W A0 FE 1) SR AR =) o

T S St S i R e e, P ARG 4000m, 2 3R 1
I A R AR IR UK X R AR SR BE G 991X 2 — (Liu & Chen, 2000; 258 1145,
2005), HEHR S, P25 R RO (WA, 20000 BAE % )E (Kobresia
spp.) RPN A L EBEI) s FE R A R g R s = AR SRR R 2 — (RS
JANEER, 1998; AR, 2001), A AR 70 J5 km?, o i JsU ] R ARG
AT 50%, S B LA A7 (0 28y GROBr42, 2008) 0 FE A [F I 52
B EALAABCB TR M, 14T Fm SRR AN e 1, e
TR DX FE AR AR ) W IERORR BE (R AR L, ANOCH B TR 3e Bl
FORE AR AAGAR A (1 AR, 34 R LA Ay 037 1 4 B FH RS B A1 R A 4

A v S HR R P A T R L ik b B X DL R (Kobresia spp.) AE YY)
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B¢ Potentilla saundersiana H1jif, /4 X% Saussurea stoliczkai) s R Al & H:
eI RS R, i 8PC [T EE . oK BEMHRIERS, 454 HOBO A
BNl I A PR IR AR AR R, B A
C1D AGIR IR PN A1 0 A 0 8 A5 A A T AR B ) BRLEEER 73 AT A% S
(2) [ X —H% Jry o A5 R L 5 AN R K AR 1) logistic J¢ 2 I AFAE B A
[R7K A s
(3) FURFEDR, JCHIEANFADI IR S AE BEFR BRI AR P AR A
5 BE S R AR ) B B HEAROBE A S
(4) e B BHe R DA A= & ] AR IR A% SR IR ARG 5, de 2%
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1.1 WHREZRKXLEEFR

T BT KB Bk KR — S8 A B i KA S5 I EAT AT LI A 77, K
Z A4 (Primary Production) (2241, 1988), HLA7 I ] PR [T AR A4
SR 2B I PR A B B K A A ek 2 R ) A 5 TR IR VR R T 8 4% 38 4 B Ay 14
% —MEr7 ) (Net Primary Productivity, NPP). NPP J&[ifi b2 25 RGBT IR )
—ANEIEA ES S (Scurlock et al., 2002; Houghton et al., 2009), &4 RL )
REM X ILEA (Loreau et al., 2001; Hooper et al., 2005). 44 (Biomass)
AR ARy, B IAEYIRR, Hal Ll — & R8O &k
fli 54547 J) (Whittaker, 1966; 77K =55, 19965 2 K4, 1996; Keeling & Phillips,
2007) 0 X T AR RUARY), HE RIUAE Rl 5 vl Ay et BRIy i i
(Alward et al., 1999; Z=/K4E, 2005). 4277y A} 52 2R 5T K AR A & 4=
R 50 (Chapin 111 et al., 2002) . FRIE PR #1725 44 i £ b 536 o A5 AR A0 1) A=
77, AR, AEA AR S R I B 5 D BRI R R E IR B
1.1.1 REEFEEHRF M0

TEAEREX Sl RS b, IR K S LAt 5 NPP b BE 23 5 ) 32 22/
{5 5§ (Rosenzweig, 1968; Leith, 1975; Field et al., 1998; Knapp & Smith, 2001;
Luo et al., 2002, 2004a). T ARl X % B A2 7E 22 5%, NPP [RIBR il EH 7
W45 A [A] (Sala et al., 1988; Bruijnzeel & Veneklaas, 1998; Korner, 2003a; Raich
et al., 2006). JFHMH TR /N A HI B N S 30T BRBE IR - (i . oK
R PR S 8 P S KA T 4 ) KRR M A, WA SR e o) B35 IR 1 14 K 34
TN AR T HEA ST (Morecroft & Woodward, 1990; Shen & Harte,
2000; Becker et al., 2007; Korner, 2007; Malhi et al., 2010).

Bee 7K 2 S ) i M 2R 28 R G T RE R S EPE DR 12—, 7K A3 TR e 2 A3 K 3 B )
T I HBAE I 3 AT AN )3 (Schulze et al., 1987 7K 43 T 1 (58 i 5835 1
$EiE NPP L& 4514 2 IWFST TR SE (Sala et al., 1988; Burke et al., 1997; Knapp
& Smith, 2001; Hu etal., 2007; Bai et al., 2008), #II#E 75w R, B K
1o S 2 0 1) P A I PR, 1 AR AP 2 o Ay e I B 2B ik
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EIHETEET (425, 1988; Luo etal., 2002, 2004a) . A KZ=[E /KR U Hufft e 7 v
JRUIRT b M AR A b b A= A R A= 0 ) 23 8190 A )R (Yang et al., 2009; Ma et
al., 20100, TIEKIER MK GAEBREBRN ", KL, BEAKRAER
RGN FE M 15 S8 LA N 4K 352 E (Weltzin et al., 2003). 357K}
PRI S0 AT ) T 38 57 43 IR O i R AR Z00E 7K 43 0™ 5 e 25 1R e
(Burke etal., 1997; Fisk etal., 1998), FE&52ma B <L IR, i
WRLYI 6 A 47 (Schulze et al., 1987). Bhah, BE/KAT AP m 2 SIRSE, BRAK
TR SRR YEZE, ORUE T LI IE R T (Lange et al., 1971;
Farquhar & Sharkey, 1982; Schulze et al., 1987). 37K 7k 2232 B K B 1 5%
iz 4b, 5 LT DA DG, B K AR, PROKRE RV T 11 L
DR7K A8 7 v 1R 328 1 HAT S IR A2 77 g, 1 B K R v PR 3 X D) 5 2 A e
(Noy-Meir, 1973; Epstein etal., 1997; Yang et al., 2009). — ki, i X
Bl Tt R EOR N R, ORI, KBRS I, MBS 2, R
ST R v P8 HH I R BT A v B2 Ay ot e 7K 243 ) 43 A1 ) = 5 i)
K2, UM T AEEIE R B B3 A FTAE A (Nobel & Hartsock, 1986; Sevruk,
1997; Crimmins et al., 2011),

ST, RSB, AR RIS i uE a7, BRI T R )
SRR 0 i (Nobel & Hartsock, 1986; Korner, 1999) ., i AN AEAE by 524k K 2
H¥Z 5 R RS A BRI AR, i i R T R A B )
PSRRI R A= o AR, R X0 T R S i A R B HR AR A2 11 D' 5 2
HEA T, — U, FRETERE B g L gaR R, iy R R 2 4w
FIRL AR A S A 5 E (Koch et al., 2007), AR 3304 HLTE I 23 i
KA RICHK I AE % (Nadelhoffer et al., 1991; Huber et al., 2007), AF|T
TP R SRR 20 K20 (WML (Kramer, 1940), MM i Al FE V4 b X (1
WA KM I A7 AE 7K 2 87 43 BRI (Vitousek & Howarth, 1991; Luo et al., 2004b,
2009). 40, [EFR% IR TR (the International Tundra Experiment, ITEX) #JH]
FFIiAE 0% (Open-Top Chambers, OTCs) Hé kL S50 % A% Hi R =y Ly i X 445 A
AT I, 45 S SORAESEIIN (1-4 4F) R/ E K B3 n, (RIXFpg n sk
I B IS R SR 9SS, AR WIS TR SR b BRI A A T 464 (IR R ) — -



L

HEFRAy IR, Arft et al., 1999). #Rifi, Korner (1999, 2003a) & T-AH 4 A4 Bl 2%
JRBEIA A R A MRANER G, ot L DX A A K 1 A2 R g ARG PR o1 T
PAn ) 3 2R AR, BRI T M GUE SORZI BT S8, A 2R S B0k K
Gy FIFE Sy AR SR BAE M e A7 o 3K i N 7 i A b DX AR A A T
NAEARH R A E . Bk, FmERmalsRg T, Wik
SR AR LR, SR I 81C R KA S AR P R A R
R B VIA S HISRR AT R G0, 1) B it X IR 2 15 S BUK 23
FEorE, ATk BIR GRS E e .

ZELRTIR, MBS LA KL A S B3R ) B R IR R AT
KA XA BRI 4 iR, BINEARSG. UG, BRIk &G i
FARKFR L Jmy i E I R] IR 52 0 T 78 Lt B s BT Ak PO P S5 R L
P B o TEAH G RIVAE P ) A R BRI R B I T i T e X R
— B AR LU T T X, a0 e S5 [E A S II6 Santa Catalina HiX, BRI,
B (BRI MR AT s, LRI ARMREE ,  RE b AR A= o
R BE R T = B N kR R (Whittaker & Niering, 1975). XIJE 2% (2003) 7F
U FRT 25 ORI T AR R DU Ak 2B R Sk b B (K o) Z a4
IEAHROKR R . SR G RIVBE IR T i A ™ O B P AR RS S, 38 L
— iR SRy, — R BRSO M BRIV (R X o 7 K R i Ay R AR X
W e P B BRI I A 330K A i AT I 8 R B ) T L 1) 2R
727) (Raich et al., 1997, 20060, 7 LLiHb & 5 Bl 5 FEFL ) MK, BRI &
R AR AT 2 S A A 1 I BR IR 1~ (Pérez & Frangi, 2000; Hitz et al.,
2001; FHKEESE, 2004; Wang et al., 2007; T JFESE, 2007; Zemmrich et al., 2010).
(FE I 55 AR W s R AR = g IR B AR S b a3, RIVBE SR T i B i, JF
HARR E A PEMR LT 20em MGH N, AR TR ™5 m LA T
PR R 3K 2 IR 4y (Hitz et al., 2001) 0 B RAFEE R IUAE T 6 i J5 45 7
MW e L AR AR A A 7 BT e T 2R R BRI, (AR R Ih B R T
GRS K35 v B SO PR ) SRR A ), Sk 1 A v AR A 5
& T IR UK ISAT IR (BRAEAE, 20025 Luo et al., 2004a). #Y)/E
777 07 B B0 TR AR A VAT 2 30 B S8 110 738 A R 3 2 52 B PR3 LS8 R



R L e S T A A ) IR RORR T R AR L PRI

PR L AL A RS [R5 o R e BT S BUR AL R R AN, R
IV IR Dy R R WA R AR 584 (Boutton et al., 19805 Z=LHESE,
2007, Az BB T-PRI, 38 v] B ISR B K IR P IR R A ) o
i) “U” AR (Hirota et al., 2009). AT &I, A7 7 8L R IR 4k b P
1% J 52 B 2 AR AL W s, H FREE TR EAT B L R .
BN h, T T SO B B A SE . BRI, AR5 R, AR
PR E A 52 MR R /K P30T T, 1T v D) e 2 B (23K
ARG ED) BRI FTLL, KRR VR AR R R 1 AR W] B2 7E — e WAk e S
A B E TR A = KR A, TS 350 77 ) B HR B T2 AR AR B S T v
J B AR TR SO RAR Sy o R VRO 2 SN IR R BB 7, RGN & L0
H N, S A R WHEY K R K S AR AR, A BT AL LA
AP R RSB TR TR Y
112 BHEFE A REBRGERENRT

BUBOE TR A RGN RN F 2 — (IR T Z, 2006). 8K
TR EAARIAT H RO A S R PIF % (Zhou et al., 2006; Mayer et al.,
2009). BEVELEIAIIAE (Rusch & Oesterheld, 1997; Altesor et al., 2005). %)
AW 843 (Derner et al., 2006; Gao et al., 2007) LUK 3 BAL i (Binkley
etal.,, 2003; Xuetal,2007; FHKFESE, 2008) 7 MMM, —Bokil, &%
JBCH AT AR 7 AR AMEE R AR KNI B k42 ™ 77 (McNaughton, 1983), {H
TERE KT b, AR IS YRt A SOR A2 0, B Riahi s e i
BRI T A R DR W GRMEY RN, 3B VE A7 D1 BE(G (Ruseh &
Oesterheld, 1997). LAk, AEZS FRGENT AT 0 i I 55 56 =i A8 A4 PR Wi N2 AT T
Ao JBCBCR AT T LABRARAE VA 3 o e, PR T IR T B B AR
B, F0HIHEM ) S A2 (Post & Pedersen, 2008) . £E75 ik e SR AL H X,
TS TSR AT AR A A TS I A= 07, nT AR il U 3 BT eV 2R
TIBAR, JREGE T HEHAEZS RGN RAAL IR S, (Klein et al., 2004). 4k bA A2
AN TS B S PR AR P R RRR FE A% SR (AR7K#E, 2005; Hirota et al.,
2009). Bilitk, FEBCT- S SR AR AT FIR A, B80T T e € A LR A R G
RESEASAG AN 5 1 o FEMFHROBR B B AIF S0 A7 0 E JEOH TP R B A 42 1 P



L

REERT AR, A Bl T B A vy 2R ) AR S AR G A TSR T HOR s AR AL XU 52
N N, O A I BN R AN DR 1R S AR
1.1.3 M#FEEEME~HREBHBERRRNT N

Z—, B BURET (Naeem et al., 1994; Tilman et al., 1996; Aarssen, 1997;
Huston, 1997; Hooper et al., 2005; Jiang et al., 2009). X T-H)Fh == 5 B Wifa 5% 0
A7 3 R A 32 AR AR B R A [ AR (R R P i b T AR S AR
ARAGEAVE R o AN, B TAEAED RIS 25 )L B8 S A= B ¥ B AMERI S
BER VRN B s P my A 0, AR s> e i 89 AR S R RS E 1k
(Naeem et al., 1994; Tilman et al., 1996; Naeem & Li, 1997; Hector et al., 1999;
Tilman et al., 2001 {H 2 bk gy ] S8 43 tH I 25188 B T SO 5 IR B .
RO L AR AR LU R AN T I (1) BURERLA (s, B A 14
PR AN R R B AT BRI, i 5w (R B 2 s = i
PR, IS e P = & R A A g, Biih, WikhFs
5 A7 00 00 16 AH O H X — 3 PR R R T IE M AR R M Cn ) 3
(Aarssen, 1997; Huston, 1997; Wardle, 1999); (2) 7ESZL il ML ok
LR R 1 AR BRI T R AR A T EOE . DR AR
IR ST AS R BEALIY, PRI KL A R AE R, S0 45 RANRESR /R
HARAER RS (Lawton, 1994; Huston et al., 2000; {4425, 2003; Jiang et al.,
20090, AL, AHICHR I SEEIFT A PR IE R = A SRR AR — SRR, i
AR YRR E KBTS AT S s, I R SR IR BT R
FAE AR AR DAEAE (Loreau et al., 2001; Hooper et al., 2005). HARAED R
gerh, B PIRr 2 P Rions 2 B AR R ST IR IHIE N TR ), TR 2
Fh=FE 8 BEiR S e 07, 0 Se 52 BIPAEE Z= 1945H (Gross et al., 20005 Willig et
al., 2003; Maetal., 20100, HIRAEFHME AT FF & BEAA ™ ) 2 [F]
FHAIEARSS (REEBIEE, 2003; BI0445%, 2004) sLRIEIZACR (EKESE,
2004), R ZIXBEEEBRER IR K A 50 B AT % FE IR SRR 200 — 8 IR o JRdlT
HIBFIER T, 2 2 BRI R 30 W = BRI AR P LR 2 e, —#H
()R IEAH GO R AR AR H M9 20 8 T (Maet al., 2010), B6BX Rl IEAH G2



R L e S T A A ) IR RORR T R AR L PRI

1T W) A = S 0 AR ) (] I 52 380 B4 555 BRI 3R 1R 5% Wi 1 JE i) (Gough et al.,
1994; Gross et al., 2000; Fridley, 2002; Baer et al., 2003; Grace et al., 2007
k. e HRER RGP WA EEIFASBRAR I My F00I A ™ v R BB B (1A
o 75 FRBEVE T, BEURAE P ) B Y A A D B LR S A T o Al
(Grime, 1998; Smith & Knapp, 2003). [KlUt, I35 H 18k 723 X Lefy 1) 4=
YR PERE M A S R A IRE CantEr= J1%%) (Hooper & Vitousek, 1997;
Grime, 1998; Chapin III et al., 2000; Diaz & Cabido, 2001; Garnier et al., 2004;
McLaren & Turkington, 2010)« ¥R BA B 1A40 0AR T IAEE K7, it EAREV& 14
AT TG AN TR PR EE P ,  TX e oot AN [ JH A 10 3 I v e 2 3 BN B
Ve AR TIEAN R R R B A TR o R, 40 Mol ) s 00 52 A 10
P B B AR I LA S b 1) A R P A B T BRAT T B v SE R ) A
ARG IR RS 10 & AL o
1.14 HERBEERGBERBRESEMLEETHXR

FEADAERIH R I T2 o R R T 8 2038 N L P AR A7 FRBE [RRFALE (Westoby
etal., 2002), IXLERFAEVEAR, WELH AL, MRS RAI §1C (1%, AR Y
R AT FREE (AR AY, , 1T 5% 00 2142 25 R 42K D) e (Diaz & Cabido, 2001 Garnier
et al., 2004; Poorter et al., 2009). v, W FAEHHY) 5 IR T TAARAL
B FOGE AR I £ ZIA T, FCPRRRHE RE S WA DI PR 5% 95 IS KA (Grime
etal., 1997; Wilson et al., 1999), fEAR KL L 5S04 mifg b XA RO 7 RE
77 (Kérner, 1999) .

M- #R (Specific Leaf Area, SLA)

EU I AR — R R o B 4 B ) T R, A7 I AR —Le it (Leaf
Mass per Area, LMA) KKIx, EFEY0 RIS ) IR 2 — (Reich et
al., 1997; Wright et al., 2001, 2002; Poorter et al., 2009). kb - [ A F 55 H-4
BRI G R B IEARE (Field & Mooney, 1986; Reich et al., 1994, 1997;
Wright et al., 2001; Shipley, 2002; Wright et al., 2004; He et al., 2006; Wei et al.,
201100 M&5H FoRkE, oM IR R 2t R R voE, B =8 BAAARR
% % (Westoby, 1998; Wilson et al., 1999 ). i i XJ 3Tk Z ¥ (1) 3 & 4 #r
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(meta-analysis), Poorter &5 (2009) £Z5& T SLA 7EA R DhRERESS AL 2 [A] (1) 22 7
5 RS IR 1R O R AR R R S AR S R Gl R IR

RO UL, BB I EREEATAT 7 A /M (MceDonald et al., 2003; Yates
etal., 2010), TIAHPIH )% BRI K (Niinemets, 2001), 38 THIFR
it (Reichetal., 1999; Wright et al., 2001; Luo et al., 2005b), i AJ LLIE &K
SRR (Araus et al., 1997). BRIk /N J& HL%% B2 R 1 AR T i A 3 7K 43
AN A AT 7K 2> (Cunningham et al., 1999; Fonseca et al., 2000) .
MRS b, R DX R R G IR S AR IR B, A BN T
FAL B IR 4 B 5 B SRR IE (Morecroft et al., 1992; Morecroft & Woodward,
1996; Kao & Chang, 2001; Zhang & Liu, 2010), - J5 5t 45 bt -4 T v i 4
R (475 2255, 2006, 2007). Ak, SLA fEAT R I A bR T & i PR
(Korner et al., 1986; Hultine & Marshall, 2000; Kao & Chang, 2001; Luo etal.,
2005b; Shietal., 2006). fXif, WAHWIFUKI SLA BEEEK T =TT LA,
1 Bowman %5 A6 56 [ Colorado ik 22 442 iy LS ASHE ) Frasera speciosa [
W], H LMA Sk 2 BE R AR, M SLA S IEAX
(Bowman et al., 1999), Ui B[] DX 4566 55 b4 hi] SLA R4k (1 R 55 Rl 17
AR, MAh, YA RS (Photosynthetically active radiation, PAR) /2 5%
WY SLA (E SN 1. — oA, MW SLA DIAMEEL
iKY PAR BT S 204 J1B#% (Mitchell & Woodward, 1988; Evans & Poorter,
2001; Poorter et al., 2009).

HESE

R0 B A R R IR T A, B i ELE A B (mass-based leaf
nitrogen concentration, Npag) AEA7 - HIFR %% 7 (area-based leaf nitrogen
content, Narea)s Ji7 & FIETE 1 SLA THHAFH, B Narea= Ninass/ SLA. AIHT IR,
MR i & SLA 5V 65 e ) 2 IEAH S (Field & Mooney, 1986; Reich et al.,
1994, 1997; Wright et al., 2001; Shipley, 2002; Wright et al., 2004; He et al., 2006
Wei et al., 2011), FUH AP AT gE2 i S500GA4E A SIS S A2 1 N JT
K, N OGER I I nT DLER X Se il (1) & s AGG 1, AT mE ) (1D & e ) o
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R L e S T A A ) IR RORR T R AR L PRI

IR |y T Nipass 7 Narear  HI T FIWFSEIIF BAETE R AN, #E
BRI AN RS AR o S35 AT AN FIBEIT, Nipass BEBFHR I TH R B4
Ft i1 (il Korner, 1989; Morecroft & Woodward, 1990; Woodward, 1990; Morecroft
et al., 1992; Morecroft & Woodward, 1996; Bowman et al., 1999; Ceriani et al.,
2009). F#{% (41 Hultine & Marshall, 2000; Luo et al., 2005b) B LA & (1
Korner & Diemer, 1987; Korner, 1989) ¢ Narea [FJH 52 21| Ninass A1 SLA fI5E1 0 Norea
BEINEARE AL AR G S BB RN, AT AR DG SR . 2 Bt
TR, Nagea FEEEPR I FH S FE S (U0 Korner et al., 1986; Korner & Diemer,
1987; Friend et al., 1989; Vitousek et al., 1990; Cordell et al., 1998), {H Bowman
SE NI T Nipass A1 SLA [AJ I BEHE R HITF =i T s AT 32 Narea BEHFIA
1 2 24k % (Bowman etal., 1999).

m8"°C g

TESG A VE R COy Mt ey, A 2 R 482 4 1 e e P ik [ 7 3%
("2, MR BC GG RER (R ARMEADD, FEOEE™
Yirp Pe 5 PC Ll (Pe/0) RS X — A AR (Farquhar et al., 1989).,
fEFo R PC/PC i, AN Pe/PC i (R Sl ARRUEY)
PDB (Ry) ) PC/C HZ 1A EAE CBI 8°C, %0) Ko, BIs°C=[ (Ry/Ry)
-11x1000. MAEAAFE POk A, W8V C LG R T CO, TRk 54y 1A (#1°F
#7 (O'Leary, 1988; Farquhar et al., 1989; Kelly and Woodward, 1995). 1T
FRESIUT T RN CO TR, AL T e COo, IIfkss, ik, it
AL R A RE D Tyl LU 3ok i COL IR (e 5335 CO,
R Coo) 1A LUABLBAG , AT S S50RE 0t 1 )37 25 () U I BRAG , 7 AR frg - 81°C
Ho T AL CO AR 43 R I 3L [RIHAE, JF H HO [R5 T (18)
T CO, M T (44), NIk, KOWSILGEE UK. ALK ITFBREE
FEAESNT COL WA 43 R AL, DRI 1) 81°C 53 AL B AR K,
M5 KR BCER S IEAI S (Smith et al., 1973; Farquhar et al., 1982; 1989),
T A 5 305 0 52 1 §1C A S AR AR AR K 43R0 . O L, FEZK o3 it 4
P, M TR R, BARSILSRE, A co Mlios/b>, i 8" C i
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L

FHe, M S8 8C {5 NPP L1955 &R (Luo et al., 2009, 2011).,

— NSy, P §°C (E FEAKRIERE £ FUHDE (Smith et al., 1973;
Morecroft & Woodward, 1990, 1996; Kérner et al., 1991; Bowling et al., 2002; Song
et al., 2008; Luo et al., 2009), {EHATHIFT RN 8"3C {EFEIREIREE K424k K 4
PO AT AN IR] (IRE5E, 20000 iEREHBEE T, 8°C (L IMZE Ak HA U [
B B2 W N T TS 02 N P 13 B S L O O (=1 T A R S
[a94 (Korner et al., 1988; Morecroft & Woodward, 1990; Vitousek et al., 1990;
Morecroft et al., 1992; Morecroft & Woodward, 1996; Hultine & Marshall, 2000;
Minnel et al., 2007); 1M7E T FHX, HEETT @ Zefd 7 AREER AT 5P A AT -5
o §°C 4% (Van de Water et al., 2002), 4k, Friend 2% (1989) KB
Ml SN R AR 1R U 2 et o T BOAS [ (R AOB0 SR R PR 1 A7
SV C HBEIR T i T s MR T Ay, WA PG, & xtnt §PC
(EBEIST S TS S, B iR — AR, kT,
SLA BRI Nipass NMEEETHE, I Noweo I, BEMIR O AHESR, 4
BARIN ci/car RO XHRRIFIAT 32 A0 0SS, AEAF 81°C [T (Korner &
Diemer, 1987; Korner et al., 1988; Korner, 1989; Kormer etal., 1991); % —Fh
FEREAA, R X ) cifca (T BCA BEAS, T2 BUE R F (SLA B/h) 4
INT COo E I P T PR 25 A1 B o B IR A7 22 (R0 ek s 7 AR5 s oy i
8"C i (Vitousek et al., 1990). it 8"C L Fifi 1k T i 11y IAARG ) B 2 B A
VA R DX (1 S AR BT TN P v e, T VAT s S e 7K 38 o ) A
SRR, WA 81°C 1 (Van de Water et al., 2002). X S6HF57 11,
AR X3 B0 81°C ELHEHRA E 43 57 (K R 3647 TSR]« st 81°C {E 5414
AR R KRG, AR, BTV N RERIRD, PrRoK-r b
Y4 A= S §1°C {2 41 A5 (Condon et al., 1987; Le Roux et al., 1996);
(HBATHFIUN N, BT a e T RN, YRR S5 8°C HIEARSC

(Wright et al., 1988; Sunetal., 1996).

) FE 755 9 o DR e B 5 T IR R 1, i 8 {5 NPP S Hh i
MG, I HAFR) T AERSCHIREE M3 FFE (Luo et al., 2009, 2011). %ALY,
FETRHBIX, JK 73 B a2 NPP BRI 5o 767 s B AR AR HB X, ARE i X LA
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R L e S T A A ) IR RORR T R AR L PRI

AR Bl 81C AR Bt T i AR A AT AR AN, TR ARk b X )
Z T+ (Song et al., 2008; Luo et al., 2009) . 7 i J57 H 3 (1) i FEF i, M- 8°C
B2 B0 BEIAE R T i1 (Luo et al., 2009) BRI MK (Song et al., 2008) ifift
e TR A, % W v T b DX PR TR v R 2 Bl — e R B 1R /K 23 i, 2 380m 81°C
ET o AR AR DL AR B S AR v JE B A A e X, o A A —
L1 B K. pygmaea I 8 C (B I i R AL 547 PR SRR P38 < ) 2 B3
AR5 (Song etal., 2008). FEMFIAMELE L, FAEZKIE Iyl B B, XPfif il
e 8C {l, 45 SLA RIME SR, AENEXT IR 7 A K oy
SRR (IR, IR §°C {EME 32 S IR LR A%

1.2 #URR B KHERL 2 B

1) RREEEEGE R RN BRI ? EWE IR EY R T

XHEE 5 F7HERCRR BEAR R BOAR N R M A B G ?

IEAROA P I AR AR RN 22 (B RO N S S TR RS B A
KRAIT B RV 15508 2 R BTN 1 (AR AR o iahbh I B R SE )
K10 Ak JRAREL T A R G0t EIR ISR A7 IR YIIE N o TRCHOIE v € 5 i) 7 A
M X f EE AT TT S, AR S RS R GRS AN B . TECRAE
5 AR LIRSS, B0 T S0 v € e A S R SR I A E . Bk
b, R R A T BN IEAFAEAR R BN E o DAL, R T S 1k
B, AHAREYIR T (EEARR T AN T IR s
JE) o AL ISRORR RS R AR R, R AT B T R e R R A A AR AR IR
PO TARAR AU (R AR, O e 1) & BEA P AN O 4P SR A B IR A
2) B PERBEIER AR AR R B ? AR PR 85E 1 3 X

PR 7 WSRO A JR3 FR) SRR R R G ] 2

iy LRI IR, Ll AR e 2 o Btk IR AR AR AN — B
AT T iR 2 B R A R NZZ RO AR, A
L §PC A B K A SRR AR R S IR R . BFFTIX
S PR BE I PR AR A AT B R i s A8 S R A 0 K AR A
X BEARAC IR NE,  X6 2E 77 7 R RE SRR A% SR EA T D LB PR A
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W i

R EAGARFACT CEARGACTRRAT) TS &1
PR ERHE 00 B TE R SN . TR 7 e SR B R K
WERE, A58 TR SRR P BRI T, L Ak B TR B 2
A 7 R A E NG 5 BRI K 2 BRSO — 4 W I A

1.3 HARFER

1.3.1 BB

BEX IR S BERFA ), ARV SO I 2R 0 LR P A e SR A AR AR
Wy AR RS R LR 1 §1C [RI B AR 7K A F AR b
P LR AR, RIS s, e WA 7 R P TR 1 A 35 AL
i, 7 e LA AR S BN K 73 BR 7 pal  [l e, Ja ek A 4 )
SEIR 73 BT BT A2 7 ) A 2 AR AR 52N, Rtk — B BT Rk
AN = A Y 5 SO A 557 B v S A AR A R G B AR A LB 3R I At
PR A
132 HRAR
1) EAESRGKY L, SR LY RN R S AN AN

TR FEE AR A R

WERCBEIE L JRAT T R AEAN [R] R v A AR A A T, e A b
A N A R R R, A5 A BRI R RGBT, A A A
T ORI R EE D MEAEE T R SEIER 7D R B sk
B FERE Sy (AR SE 0, 1) B AR 2 R G KV 27 il Aoh B8 R AR AR A A 3L
B A1 A1
2) AEIR R KL, SOGE A SR B PR T RO A AR A R

XF NPP [ 7~ 1EH]

BAVERRE LA A Garlis 5 K. pygmaea) R R WAEA R BT AE
ZW 5% P. saundersiana FljE PG XU B4 S. stoliczkai), T FELeVRATE M S50 =
FES A HTIE , SEFELE IR RS i i 81C (K KA S YL G A
77 K3 M 2823 DA S R PRI AR B2 A AR AR R AT R GEIE T .
b IR IR SIS B I T AR S 20 A, i e L i A 5 A
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Fig. 1.1 Research scheme of this study
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W b ™ Y, R A R S AT YT 1) 4 KU

ARTF I AT P M e Ll A 1L 0 B, £ 48 B AR AR R 30°307 -
30°32'N, 91°03'E. Z%IIIEIETHZI N 5600 m, HLEATE KEAE 5210 m, MLl
i SLFL R (4300 m) B TR 2 1300 me.

80° 90° 100° 110" 120° 130°E N
Ko\ 50°

L T U B

o HEM
. i
B 5 REY) mmE :
T SRV ) ORI I L R

B2.1 BT ST ST G 51100 AL ) L P .
Fig. 2.1 Location of the study site on the vegetation map of the Tibetan Plateau
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R L e S T A A ) IR RORR T R AR L PRI

2.1.2 SIR%FE

ASHIFFEFITAE M X T e S S SR 2 KT o [ R e 7 ek v 5%
FREEEEON, 19840 Hi A MEEL RS (BEAITTH A2 4 km, 4k 4288 m)
W0 ZHIX 24 (1963-2010) 4Rl 1.8°C, e A 1 H, FEAR-9.1C,
ARSI T S PRI 11.0°C. FHIZ TR 479 mm, b 90%4E
#£5-9 J1, AR, TR

I 40 R (1963-20100 LUK, MR EETF W, i Bk B AR By 22
BOK, AR . 1963-1990 4F, 4EHh . A KR4 KB
HILL 0.35°C/10a 0.16°C/10a I 0.49°C/10a FIZ T s 1 1991-2010 4F[A], 4F
it AR AT 2 I BL 0.91°C/10a, 0.55°C/10a A1 1.15°C/10a
MU T (8 2.2) BEAKEAE DB BT B AR, 1963-1990 4,
G AR R KM A K Z= K B R BN AR 3, AR KK T 1
1991-2010 48], 4xfFfFK . KK MARE K B KR I N T ma 4,
ERE K BEAR br AR H A B2 (KB 2.3).
213 HEHSTRRKR

PN N DR VAR Ry ALY QE2E ) S (S R EE S ST e SR R AT
FEV T e TR R SR I P ey (LB 2,10 (o B RE 2 e 75 ek v i 2%
R EEIN, 1988, 1992)  FEAHIFTTHT AL 1 L3, B il A X (4600 m — 5200
m) [ ZREHELE LSS (Kobresia pygmaea) by BER ) ey Ll A 5 Y . B
T L TIE 50% - 90%, (R —AE 3 em LUR o 5 WL AR AP B840 W 5 (K,
humilis). HPH: &5 (K. robusta). FEHSEHEERL (Carex atrofusca subsp. minor).
HEoR (Poa spp.). #R AiiME (Androsace tapete). #HOR & 4% (Arenaria
pulvinata). 4] FEZf 5% (Potentilla saundersiana). 518 5567 (Pedicularis
bella). &L FEFFAEE (Thalictrum alpinum). Bk 22 (Polygonum viviparum).
FHZL (Polygonum macrophyllum) . Jii—#k (Lamiophlomis rotata). A %% (Lancea
tibetica) LK ZFh X FE% )8 (Saussurea spp.). JfHJE (Gentiana spp.) FlfEH:
)& (Saxifraga spp.) Y. AR RARHFH X (4300 m — 4600 m) A %LJ5
PEA), RS AR 15% - 30% 2 18], 5 B ANEIE 10 emo LD F
J 22 FiEr S (Stipa capillacea) FIE7e4l 2% (Stipa purpurea), # WAEAFIAG 5%
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GO e i - 4.0
+ ¢ | F = Ll Annual y = 0.091x - 180.65 il e
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[ AR KF P15/ CiNon-growing season  F=0.47 p = 0,001 i

2 b y=0.049x-101.57 2
#=0.23 p=0.010

-3 -3
-4 -4
-5 -5
B 1 | | 1 | | 1 | | | -6
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£ Year
e 1963-1990 . emue. 1963 - 1990 4F 1) Z 41 K11
© 1991 -2010 --eeemenenes 1991 - 2010 4£ 0] Z4E T2

Bl2.2 HHELIXIT404Y4F (1963-2010) HUSEPE . A KT (5951 VI URAAREK
TP R RIS (BN ZE TR ©

Fig. 2.2 Variation in annual, growing season (May - September) and non-growing season means
of air temperature from 1963 to 2010 in Damxung County (dash lines denote multi-annual means

air temperature)

@ Kok BT EAR SR EE LRSS ™, http:/ede.cma.gov.cn.
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800 44 - 800
B AUl Giaxs 54333 y=2.504x-45115
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c
o
S 500 -{ 500
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S o T e
o
2
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= a0l 4 200
™ 100 e K g — 100
8 k4 K7 Non-growing season y=0.409x - 769.7
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4> Year

e 1963-1990 -—-—--—- 1963 - 1990 4= 1] 22 4" 11

O 1991 -2010 =====s=cnse- 1991 - 2010 0] Z 1M

Bl2.3 MHELIXIT4044F (1963-2010) HISERKE. A KZ (5-9H) FBKEMAREKZMF
KRS (RLFREE TR ©

Fig. 2.3 Variation in annual, growing season (May - September) and non-growing season
precipitation from 1963 to 2010 in Damxung County (dash lines denote multi-annual means of
precipitation)

DR R T E AR SRR I R4S, hitp:/cde.cma.gov.cn.
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A (K. humilis). EEFEZEET (Carex atrofusca subsp. minor). H.2 K (Poa
spp.)~ BT FEZRESE (Potentilla saundersiana). 75 (¢ (Astragalus spp.). 59/ K
2k Hi(Leontopodium pusillum). P4 )11 775 (Anaphalis szechuanensis) . JR 73 ( Stellera
chamaejasme). V) (Artemisia wellbyi) 254 . AN [RIHEIR A0 FEV4 FE AR
W 2,40 HUBHBCRGCRE , M2 BT —A s R (A7) 4500m,  EHEASHT
FUREAT Y 3km) WK E ZFMY, G Rah) 1 2 BRI IRE -0, T8
RIdRE SR — BBEAE 5100m BAR

B R X R R GRili it ), BB, HIESKER
s, YRR TEE AT TRZE 20 em HEV0HIN, S5t HIERA S EE
i, PIESON R RRVE R T BRI O R R R D, I
PAHG BRA S By, TR SOV B A B o B R e 7 e e R 2 A R
LN, 1985),

22 WARAE

22,1 FEMITRIR

AWFTCUSEHFIR S 820 2K (4390 m — 5210 m) [WHAE#AEA, T 2006 4F 5
JESLT 7420 mx 2 m GRPILKIEIAK) (AR, RN 550
BRIV ) Onset HOBO /MY BB %l (12005 4F 8 JJ4E, 5330 m X
GRS o AR IR R B 230 4390 m, 4500 m, 4640 m, 4800 m, 4950
m, 5110 m f1 5210 m (& 2.4).

2009 4 7 H, BATEREANEEAR I EAL Py, BIEHURAT SUEIRE T 34 1 m x
1 m IFET e FEJTBCE BT s O T HEBR B0 20 ) R, 3047 1H
PR N R 35— AR 7 BE B AE R — i B B A 0 2% 1.5 m b7, SRS W /KT
D7 BRER 7 m BRSNS AN, RSB RET (18 2.5). AN,
TEFIARL AN F 730 5 m b v = AN FRAME DT (K 2.5).
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TR L R I ) DRSO P AR A LRI

B2.4 ARV TR BEE O A AR IR RO DL . B4 1 £f1 24 Onset HOBO/MEE
IR VP

Fig. 2.4 Distribution of the fences and Onset HOBO weather stations along the altitudinal
gradient.
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: T :
..-.(._;rl}.
/ngw I 5m [l 4 5m 5m
_— /
f
A Zm%—) k———————————— 7Tm - m — >
4 I I
| 20m

B2.5 FEJ5 B s R
Fig. 2.5 Sketch map of plots arrangement at each site

222 SREERYIREVFER

FEBE— R PE M (4800 m 7EZR D K&FEZ L) F 5330 m 4, #&'E A HOBO
N ER B (B 2.4). RBUET 2005 4F 8 A48, AIERIUAS SR (i
M 1.5 m). HIEEE (MBRLUR 5 emy 20 cm Al 50em). 28SRGS AN K
SEFRbR o BTN FE AR 30 min fH — OIS, B D SR ANAE K B loggernet
AT BB TE R

MR BE L 1) B 3G d %, FATTAM T T 2009 A& g4k H PR
AR A H K AR s (K 2.60. ml&l 2.6 ITLLEH, EEA
WHRBRIE b, PR EERAEAE 6-8 J1Z M. BUBTETSE (2009) ST KA A%
HuDX (4730m) DI &5 R, M KRN A fE 5 A& 9 HZ I,
AT (4390m) R BE (4800m) HuIX, HP¥SMEAE 4 HK S
AWIZE 9 AK 10 Ayl g R s 1 sCLh b (K 2.6), X5 ARMAYIR
T FIAGBEI R BE AR — 8 CRERES . I, AR H PR ESL 5 R
L S CI e SN EKZTFa H I, MiiES: 5 RAKT SCTREAZ R HB, Ik S
A& 9 A SO KT, DIMEAKFER GG, A s 5 80,
WHE TARKFA 5 PR 7 P KPR A
5 AP SRR 7 AP R . HIESEART ST A KFRK
. 5 HFKER 7 HBEKE USR8 SO B S5 Fabr . AN ST
A R R G AR 1 00 s A 00 1 2 A P4, Ll B R 3 R
Tabs o 2006 — 2009 4, M FF/K &l 2007 — 2009 FE

BT, AR TR DL B M A (18 2.72), TR K SE T
JEBEAK, R HIELAE 5110m 247 (B 2.7b), AIAERAEK A A AR K ZE
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B K 5 UL LA 2 T ka3, SO R R B IR B 45 B 7K 23 = 1) FA
B FAR (K 2.7¢). KRN MR sk (K 2.7d),
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Fig. 2.6 The annual course of daily mean air and soil temperatures and daily precipitation across

the altitudinal gradient from 4390 to 5330. There are no precipitation records at 4800m.
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(a)
i 12 b %% - 1600
Wo | L TYSITALm. o
& & + 1200 < 8
4 = 8 ol =
..... E____ _.-::. o He
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0 -- AccT ==, =4
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P _ S E
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B2.7 (@) ERKFFFHE (GSAT). A KF S cm 120 em 1 HEHE (GSSTSAI
GSST20). H¥ ks TSCTHRNL (AccT), (b) AEKZFFEREK (GSP) A KF= AT
BE(RHD, (o) ARKFEFKSFRMIEL KL () EKZFEIFU (Beginning) FIZ5H (End)
H I R AR A% R o R 22 2 AP B bR AR o
Fig. 2.7 Altitudinal variation in (a) growing season mean air temperature (GSAT), growing
season mean soil temperature at 5 cm and 20 cm depth (GSST5 and GSST20), accumulated
temperature during daily mean air temperature > 5 ‘C (AccT), (b) growing season precipitation
(GSP), growing season mean relative humidity (RH), (c) the ratio of GSP and AccT (GSP/AccT)
and (d) the date of beginning and end of growing season. Bar lines indicate standard error of the

mean.
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223 HARAEMEMEWE

B, AT 1mx 1 m WFEI7 735 4 A 0.5 m < 0.5 m I/METT, K5,
BRI 0.1 m x 0.1 m [/MET

FEVE A DL T O BARLEAT o ISR —/ Mg T LA Bk
FIGGRE . A, 255 E s T IR Z R (D, W Bhd ik (D
(Ko BE AN G5 P o v B AR I 2t R Ceom), 55 B M AE /MRS FTHIRR (0.01 m?)
JERl B R R R (%)

M AR R . T A AR AN RESZ BIREAR,  DRTEA 7
A A AR B AR T AT  BRATTIEIUE A A 1 m x 1 m #7726 A
0.5 m x 0.5 m [K/NFEST, RRE—WFhIEAT 73 e . OB I B 0 b 3 59 HR
T B3Ry CRAFERERIRYEYD, (Y EAEYa . [FIN, FATx
NEYERAT TR, MR A RIS AN X R, A EAR 3.5 om 1 A
BEATHAIC FATE 1 m < 1 m FEJ7 (DY F AT ST BRI 5 B, BIBOAR BE R
30 cm, &AM K 3 E (0-10 cm, 10-20 cm, 20-30 cm), ZM 253 A
JEAE A ZAE T 1T AR A

FEJT AR AR R TAEAE 2009 4 8 A )5k, 2010 4E 8 A4,
BATE S AT 77 A A 2R RS I TAE, (RS it B i
224 E£YERS5 EEYEXRFENEL

F T BRI YRR 7 IR 2R s e AT ISCER  JRATTI Y FA AR 5 R 2 P
RN P A= R o5 B b AR B S AR AR S B AR R I R R TS
B, PRSP b AR AT A . X — Al S AT W A RIS A9 3 TR G
(I8 (Catchpole & Wheeler, 1992; Retzer et al., 2006). {5 & —WFh 55
BEATIR, AR T BB T 3 MFETT BRI, A THEAT ST HARA
IR

B, TA1E XM (Height, cm) x#J¥ (Coverage, %) WY
F (Volume) (Kikvidze et al., 2005) o FH 18 £ i 1 3% [¥ 75 & B — /g7 (T
B 0.01 m®) FER B R GEl €, IERATHR 208 C #5000 0.5 m
x 0.5 m FEJ7BEAE B A R T Gidoh G, B C/25). 4

V=HxGC, (J7FE 2.1
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b, VORAEAER, H PR EEE, Cooh 0.5 m x 0.5 m FEJ7 JEAl i E
SR

U SEEE]

TV:=YGV; (7 2.2)

Horb, 1 NP, § ORI T B NG T, GV R 1 AR
B § AR, A TV MG HF i 761% 0.5 m x 0.5 m 7 A (R AR .

R, AR RS R AT B AR R, 193

AGB;=a+bTV; (I7FE2.3)

Horb, 1 R PTOIEM IR, TV AR 1 7EHE— 0.5 m x 0.5 m FFJ7 P IRLEA
L, AGB; A6 VA T PR AR, a F b AL

A TR B AR DT CBYICHE E2EIEE) 0.5 m x 0.5 m /IFEDTD AR 111
b b AR B AR AR AN TR 2.3, W DA E A a Fl b S
X7 L 2.1,

R 7R 2.3 TR AFAEE, BATATLMEHILEE— 0.5 m x 0.5 m /M
JilHh EA . R, 2009 AFEFEAEA T mox 1 om BT AR 1A
0.5 m x 0.5 m SEP/NFETFAT 3 AN 0.5 m x 0.5 m Al 5/ NE T B A=) 2 A,
FIFZA 1 m < 1 m FEJ7 AR EAEYI R 4 A 0.5 m x 0.5 m Al 5/ NE T B4
Py 2 Fl; 2010 A FEAZ AT A2SE 1m x 1 m FE77 1 AR 4 4> 0.5
m x 0.5 m fl5/NREJT B AR R, R SCBTE A i AR R E N 1 m
x 1 m FEJT IR BAEY R . BTzt Lo 08—, JF HBFE
PN [B)7E b A ) e A RN ST, AT R P b A e R 1) A 7
(Net primary productivity, NPP),

22.5 IIReEFROXIS

WA DM TE A R AETEE P DR e, AT 5 72 5 4~ 2)
RERE: VPR CEEEVS R RE CHIERARIEH . TR
. BORAEY) (LR RR S M A, tapete FIEBIRT R 2 A. bryophylla) FiZ%
B (R Rk 4 BN T e .
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221 YRR S YRR AT Ry BRI, O N ) AE AR

Table 1 Regression models between species volumes and aboveground biomass. Yy represents

aboveground biomass and X represents species volumes.

TIeeRE / Y iy ? p N 4AEYEHEHE (9
Functional groups / Species Model Data range
PEK Sedges

A K. humilis 12246 R

E 55 C, atrofusca subsp. minor Yy =13.638X - 0.0101 0.78 <0.001 20 0.11-6.75
FHH: 5 K. robusta y =24.038X +0.1261 0.91 <0.001 7 0.09 — 1.27
1 K. pygmaea Y =50.505X + 1.7061 0.90 <0.001 20  0.01-66.27
ARHF K Grasses

LUK Poa sp. FlIEL S Stipa spp. Y = 13.41X +0.1876 0.79 <0.001 22 0.06 — 5.20
S RMEY) Legumes

IS )& Oxytropis spp. il

T E Astragalus spp. y = 13.842X + 0.4228 0.83 <0.001 15 0.04 — 4.69
HARIEY) Cushions

HoR S ME A. tapete il

#ER T R 2 A bryophylla y =371.69X + 0.3195 097 <0.001 14  0.33-17.89
ZL¥iJ% Herbs

k47 4L Primula sp. Yy =53.282X - 0.0052 0.68  0.012 8 0.16—1.59
HORME 77 P. hedinii y=8.0213X +0.1723 0.86  0.002 7 0.03 - 1.35
EI 2z 3¢ P. saundersiana y =25.321X+ 0.3375 0.80 <0.001 20 0.03 -6.71
M E%§ Saussurea spp. y =14.359x - 0.01 0.94 <0.001 8 0.18-1.29
L FATE T, alpinum Y =30.413X - 0.0888 0.89 <0.001 9 0.14 —4.99
JEHH Gentiana sp. y =89.301X + 0.0031 0.98 <0.001 8 0.02 — 0.40
FW 5 P. bella y = 11.695X + 0.0085 0.93  <0.001 7 0.03 —0.57
I L. tibetica y =29.561X +0.06 0.90 <0.001 8 0.02-1.15
PY)II# 5 A. szechuanensis y =46.039X +0.1775 0.83  0.012 6 0.38 —7.57
D A wellbyi y =21.382X +0.1386 0.92 <0.001 8 0.04 —4.22
¥ others y =28.341X +0.1011 0.65 <0.001 47 0.01 - 6.65
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K128 HEATIH RGN E K3 MR () miliisse, (b) FTRERBE A (o) Jlyb KB4 .
Fig 2.8 Three species which leaves were collected and measured. (a) Kobresia pygmaea, (b)
Potentilla saundersiana, and (c) Saussurea stoliczkai

2.2.6 HEYIEERAIRE

N T RS S R C A A 5 B PRV SRORE B B AR AL R, J
THER—ANBEE LAY P —m 1L 5 K. pygmaea RN ILEE AR —4TH 2%
B =% P. saundersiana FlIji /4 )X B4 S. stoliczkai (& 2.8) BEATHAE SR EE. K
AR, BN R ESE T (4330 m) FFUR, WY LA LREHFRERG 30 - S0 m
BT —UCRME, KA R SR s iRl 5380 m
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227 TEHRKRE

TIERE AR PTG SRR AR R R G LA ISR
e RO R IRE D (FER ERED o T HETE LAE, FRAIESE—N 1 = 1 m IIFEJTIY
AR - EARR 3.5 em I HAVRTEC— 0 A5 3 )2 (MR LUT 0— 10 em,
10— 20 cm H120 — 30 cm), 5 JCBEHURIAH [RIER BE (FE SR A E izt o7 i -+
HERE o X TREZ AR, FRAT TR SR AR S0 B 9 TRDARE 1 L RG REATLAN L 2 1K,
TR JEAE AZAAE SR R
2.2.8 IFHIK BRI E

FIFI25E WESCOR 24 7] 4571 PSYPRO HE¥I/K 344l 5E RGA C-52 43k
(B 2.9, FATT 2011 X a5 K. pygmaea SE4T T BAA 7K S0 & o
I 5E AR TR A KRR, 6 127 HZ 7 J1 2 HZ 1A Wl B 1B B RS,
I 5 B 1) — R AE AL AR ) 102 00 — 10: 30 2 [1] CGHHLI 2% 8: 00 — 8: 30
Ao P 5E M RO TR AN AR I G BT o I i, R T L 38 5 et
BEATHURE, RGN C-52 TR MIFEM =N, P4 10min 53470 & B4,
TIPS =, DO BIMEAE B B AE . T s s B
AEPIR, BN R BEBEAT - RIURE, I DARECIURE R A AR (R AN [R] 1

t4 R b e £ i i 1y &
2.9 WESCOR PSYPROFEY) /K FMIE R GEFIC-5245 Kk
Fig. 2.9 PSYPRO Water Potential System and C-52 sensor (WESCOR, INC)

229 HSBMEARDTNE
BT BF AN 26 S AN L, BB R AR 300 16 S s 2ok I U
RN _EAEY A AT S A S s, 75 CHET 48h, DL AR

30



R WP SR

Yy FR E NS08 = T o

AP BARE TS IR A E AR A SRS R 0.01g I L TR
AR

FEeH AR e — 1l 5 K. pygmaea HHTALERIR, BB, A H
ARG, A E S AR AT AR P, saundersiana F1jek P KB 54
S. stoliczkai A REM-4%, 7l ORI 20-30 Jv,  HERGHG T2 AR IR 4K
by AR I AR . DUE TR AR SRS R 0.0001g R HEL TR
R, DHEILHMTE AL AU A S T R (em® g

HEEEERSENE — IRERIL.

H 8C MiE — Fa5E A Z i (Delta V + Flash EA).

I R 834 SR WL 80 AE B bR R 2 2 3R Al ik b 58 B
I 813C 43 AT Hh LR Bt 75 8 v S AE BT 5% 3 5 56 8 6 o

2.2.10 FERSH

K> WAV LA T

Kol /> M4 SPSS 13.0  (SPSS Inc., Chicago, IL, USA) #47, 1ERE %
{144 ] Sigmaplot 10.0  (Systat Software Inc.).
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5 5 R R R RS BERS Je) S LIRS LR

EF=E HELEYENEEBERERIMER YIE

TR ey AR DX AR AR 0 AR A CRLRRIR R . BR/K SILAL5 ) i
J% 5 kU (Grabherr et al., 1994; Walther et al., 2002; Cannone et al., 2007) .
SRT,  EG RS — B AR, B K IR AR A R FALE AN [ DCORIAN ] B 4
FiANIF] (Bradley et al., 1987; MRIRBERTXITZE, 1996; 44445, 2005; Crimmins
etal, 2011), MIM-FEAFIH ™ AR R ERUK > A& B, P
PRI L3 B R 4 (R A5 A 5 VR A0 7 77 0 BT BATTH0 M b A 2 R 4
IHREN AR MRABR A I WA 2L (Korner, 2007; Malhi et al., 2010

AERE IO b, R AR ) S5 R K 43 S FC A A I A 1) IR A
KK % (Rosenzweig, 1968; Leith, 1975; Field et al., 1998; Knapp & Smith, 2001;
Luo et al., 2002, 2004a; Luyssaert etal., 2007), 5 HIESRRG T, BAKTEAE
Oy R R 428 i A AL A 7 0 KRR CROHRR ERR LM BERR B D 4% )
(Sala et al., 1988; Burke et al., 1997; Lane et al., 1998; Ni, 2004; Yang et al.,
2009; Maetal., 20100, 2R, HMAE AETEE GiEhO B BRI Jm) J2
FCHIRBE R 2 (R 1) 6 R 15 5 SR AR FE L 1A% J) — BB A AEAR K (AN
SENE. BEE RIS, EPEARIIT FEKI n. 3X— AR Al 3 3 BOK I K 1B i
BB LA G 5 A2 KR IX U 26 B4 I A5 P ANF) (Kdrner, 2007
Malhi et al., 2010). HFAMBFFER, BEHERHRT S, FbA ™ R T
(Whittaker & Niering, 1975). B&[ (Pérez & Frangi, 2000; Hitz etal., 2001; F
KBESE, 2004; Wang et al., 2007) FIBEAT 1234484t (Boutton et al., 1980) S5
B 2 M PR A S A R SR 2 A, TRBOR AR = FE IR AR A A £ 52 i 2
oA 7 BHE SR R FE RS Sy (Watkinson & Ormerod, 20015 Altesor et al., 2005;
KpE4, 2007; Maetal., 2010).

AR BRI DS VR A, R A e A 7 ) A e R D 4 4 s 38 5
K (Odum, 19715 P RFEFEA, 1997). Jai IR i 25 FE 49 A= K BT 5 i B
MBI A Aoz, RS AR A BAIR (Odum, 1971 D RAFFIR L3l
1997). ik, 765050, THIREHRORH e AR 11 m 58 5 R A5 14 A2 4
A7 I AEAN RN 5 B 1T e 52 BN R PR EE R 1 I R . BRATME G, R L
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111 B 7 /D R AR SR X, B /K R T F A T i B B AT = T
FEBAR VB g A X, AR PR A 1 2 Ty, I S S Rl L
IR A7 B T REAR A 7 0 Wit P AR A I FRLUEEARAR =5 o

A, JRATVE R AR AR RO A Jm SR B IR L TR
AP 5 ORI A0 B R A 5

3.1 BHEREVEMNSEREERE

31.1. BERE. EEMYIMFEEENBREERSE

BE AT e, BV B e (R A 5 B2 D T, £E 4950m — 5110m
ISR R, MAER AL (5210m) B S RRAR: A1 34 v B BN B AR
¥ (K 3.0, FREYRFEEEMREST S M . /8 4800m — 5110m Z [AJff)
R R BEE B iR, IR AR ST R I R PR (3R 3.1

R0 MR- R A R S 2l BERV) B S8 PR SAOBE PR S o

Table 3.1 Altitudinal variations in community mean plants height, sum of plants coverage and

species richness.

F¥ £ Sites =R PR RE VM EEE
(em) Coverage (%)  Species richness

Py
4390m 3.25+0.27 16.85+2.80 12+1
4500m 3.04+0.20 24.01+2.22 16+1
4640m 2.95+0.24 43.00+5.45 19+0
4800m 2.59+0.13 63.32+3.70 19+1
4950m 2.86+0.09 88.92+4.70 18+1
5110m 2.244+0.09 92.86+3.16 19+1
5210m 2.76£0.35 32.82+6.32 11+1

FE 241
4390m 3.39+0.20 16.23+2.40 14+1
4500m 2.59+0.09 22.85+3.38 16+1
4640m 2.45+0.17 42.97+5.49 16+1
4800m 2.10+£0.04 63.98+2.95 20+1
4950m 1.934+0.06 83.54+3.18 19+1
5110m 1.99+0.06 81.37+4.16 20+1
5210m 1.96+0.13 35.85+5.16 13+1
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3.1.2. HES EEYEMZThEER FEMBREBRBEERS

S BRI B RS RO G, BRI TR, e EAER R AT
BEHAL, M 4390m (1) 64.19+10.82 g m™ ([FHFLA) F148.07+5.97 gm™ ([H
FEAN) #194 5110m (1) 383.74+4.14 g m™ CFHEAFZP) F14950m (1) 297.88+13.17 g
m 2 CFEREAM), BSB89 2 5210m [ 133.08+30.28 g m>C A% A )F1 109.31+17.12
gm” (AN, BVHIRLA . MR B L AR e 2 3 B0k Sl T i S ARG 1) B U
WG SRy, et KA AR R R S 4950m-5110m 2 7] (B 3.1a). ZrIhAEREK
A, VR AR R RT S R IA Se TR R BRI R, S S
AR TR BE RS RS, (E I T A R AR AR R R, M 4390m )
3.92+41.38 ¢ m> (HFZAN) Fl 4.96+2.28 ¢ m? CHAFZ4N) #H%E 5110m (1)
327.93+11.76 gm™ (LA AT 4950m (1) 221.63+9.18 gm™ (A4, BlJFs
kA 5210m (1) 81.61+30.16 g m™ CFEALY) 1 78.48+19.86 g m™ (FHF4M) (&
3.0b). YR EFAHL, REZ, HOREY . GRHMEYA S F A R
A KAEAY 50 32.8242.55 g m™ C(HEEP) A1 17.39+2.39 g m™ (FF4M).
40.28+5.58 g m?> (AL F143.01+7.07g m? (FEFLAM). 6.41+2.65 ¢ m? ([H]
) F15.86+0.55 g m™ (FEIAZAM) . 54.29+4.41 gm™ (FHFLN) 1 33.56+3.27 ¢
m? (RS, IF BB R B0 B (B 3.0c,d, e, o REEH
FEIIAGLE 4650m LU R X (B 3.1¢0); MR BIAE 4800m LA L[
WX (K 3.1d): TRHEYM EAEYREAL, HES X (5210m) 34757
1 (K 3.0e): AR RYIAE SE R X S84 o0 A, AR 2RI I 2 iR
(& 310,

LA DI REREN VA BRI OTIORE , 71 4390m, Z8HER T i LU B
FEFFE N 8390 69.63%F11 61.80%, & AR, 737 iy 20.09%F1 25.33%
(£3.2); £ 4500m, FHAFHNLURFIRAE (46.37%), 1MHAZSMAZ T 1
ol de s (43.82%), AREFREE = (27.82%, #* 3.2), FIHIRHEARER R
B RSV S EROE, TR B AR T RN e R, NS
O LEBI AR : 7F 4640m-5210m Z [H], Y5 FLIAE AL Y AMY A H (46.21%
- 85.39%, #3.2). AEMRIFRILX (4390m - 4500m), HIRILE ISR G FT
IR s, B AR T BOZH DR S AR R TR
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ERIIX, VBT b AR A IR0 2 N TR R A

SRR A TE LA DR SRR S LA RN SR RE, th Tk
Hb AR R SRR S AR R AR R R B T R Ik S AR
K (HFH =099, p<0.001; FHF:4r=0.98, p<0.001). FRMDH 4
Yy 5 S _E AR RO B HE ARG (BRI 1= 0.62, p<0.001;
FIAZAN r=0.77, p<0.001. % 3.3), HHELHA T 4800m LL_F [R5 mrifgdh th
X, IF HAEYRERIG. BT RFERFEZNA T 4650m LU N RBAGIEHR X, i
TERETE R b AR i R e i P X L 2R TG, BT DAOR R
AR R L AR R R U DG OC R (AR N = -0.54, p < 0.001;
FF24h r=0.63, p<0.001. % 3.3). GRMEYIAIZ R H FAEY) &3 A R
VERBAEEEE, DR,  EPTRR I RE R AR SRR B A R AT
ARG CRF AP RHEYIBR A, K 3.3).

gi BpmiR, B AR SRR T TR I R 1 S T e S B AR
AR Jr - B PP RS AR R AR T S R, e 4 R B  DT kA
XN o

32 HIReht CEIEPHE, RELR, PREY) . ERHEYMRES B E SR
L AR A
Table 3.2 Percentages of total aboveground biomass contributed by five functional groups

(sedges, cushions, grasses, legumes and herbs) at each altitude

ThReRE 4390 4500 4640 4800 4950 5110 5210
Functional groups m m m m m m m
FE2 A Fenced
PHE Sedges 6.89 23.83 63.42 69.06 7445 8539 4621
HORAEY) Cushions 0 0 0 9.76 10.73 434 18.79
ARHI Grasses 20.09 4637 11.13 046 1.01 078 261
GARMEY) Legumes 338 098 456 127 1.19  0.87 0
42K Herbs 69.63 2882 20.89 1944 11.61 8.62 32.37
FE#24h Unfenced
PHEE Sedges 920 27.11 69.72 67.73 7450 7839 66.08
HORAEY) Cushions 0 0 0 13.03 14.15 7.83 15.86
ARH Grasses 2533 27.82 1149 061 036 039 2.11
GARMEY) Legumes  3.67 126 397 271 1.10 1.16 0
42K Herbs 61.80 43.82 14.82 1592 989 1223 15.94
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50 @) &8 Total - 4007 (b) FFE Sedges I
a'
400 + . ) 200 |
300 - AB
b B 200 -
200 C bc
— ¢ €0 400
T 100 g LDE 459
‘9 0 - ij Ij 0 ] i:l
g 40 ((c) - AE Grasses 60 (d) éﬁ*ﬁw Cushlons
2
50 -
2 30}
3 40 - AB
o A b ab
E” 20 oA A 30 - B .
[=} b 5
2 20 |
10 cd e od
g dB 10l
= ol i-z. i:ij
ﬂ L L L J 0 L 1 L L 1 1 J
£ 10 s 80 [0 .
() 2% Legumes () ZYE Herbs
I \ .
8 A 60 | ab
i AB AB ab ab
ab 40 | AB _AB
4t Tep ;
20 B
2 o D
0l ol

4400 4600 4800 5000 5200 5400 4400 4600 4800 5000 5200 5400
iB31L Altitude (m)

mm F =% Fenced 1 E#=%M Unfenced

B30 vk LR R CRARAREE. PR, REE, JUREY). SRHEMRIZREE) 1)
REREERS R e AN PR 2 R A e e B2 CRRIRIER TG 220 BT, Tukey £ FEHLES,
p<0.05), /NEFRERIRERINAYE, KNG T RERORBERAMNEY R R ZE R W . R
OO FoRZBEHR BRI N AMVED R ZE R W (TR, p<0.05). iRZELF bR,

Fig. 3.1 Altitudinal variations in aboveground biomasses of total, sedges, grasses, cushions,
legumes and herbs. Different letters indicate significant differences among the seven altitudes
(ANOVA and Tukey HSD test, p < 0.05). Lowercase letters denote fenced treatments and
uppercase letters for unfenced treatments. Asterisks (*) denote significant difference between

fenced and unfenced treatments. Bar lines indicate standard error of the mean.
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3.3 Mgt LAEYR SR IhRERE (BRI R, KRGS, BORMY) . SRHEYI R 58
iy b AR 2 D) R AH DG 1
Table 3.3 Matrix of correlation coefficients (r) for aboveground biomass of total and different

functional groups (sedges, cushions, grasses, legumes and herbs) along the altitudinal gradient.

EH PER BR RERX  EH IRER

Total Sedges  Cushions Grasses Legumes Herbs

B A Fenced

4= Total 1

THHIE Sedges 099" 1

HORHMY Cushions  0.62°7 0547 1

R H2K Grasses 0547 0547 0537 1

GARMEY) Legumes  0.27" 024" 0.04™ -0.08™ 1

2= %52 Herbs 0.25™  0.13™  0.24™ 0397 0.23™ 1
[F#4f Unfenced

43 Total 1

7 E Sedges 098" 1

HORMIY) Cushions  0.77 0.68 1

K HEZ Grasses 20.6377 -0.66""  -0.59"" 1

GRMEY Legumes  0.457  0.40° 0.36° 0.07" 1

A= % Herbs 0.17™  0.04™  0.06™ -0.05™  0.09™ 1

B ) FoREFEMAKT, *p<0.05,** p<0.01, *** p<0.001, ns £/~ p>0.05,
Asterisks are statistically significant at * p < 0.05, ** p < 0.01, *** p < 0.001. No asterisks (ns)

mean no statistically significant at p < 0.05.

3.13. HERMTEYENSIREERS

S S AR AR, MR AR A R AR 2k S T S BRI
e (K 3.2a), KSR S EAEYRRBL R B IR (K
3.2b) it T AEY R B R A, Hod/ ME(531.51£101.10 g m™) H BLAE 4390m,
BRAE (10137.41+561.55 g m™) HHBLAE 4950m (B 3.2a), 1M L34 5 i (A
2 (5210m), FF&A 4419.96+898.96 g m™.
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12000
_ (a) a
o
£ 10000 | L
o ab
/)]
® 8000 | b L
0l .S i o
ﬁ @ 6000 | bc
©
= 5 -
® 9 4000t
o
H
< 2000 f cd
om d
0 rl] ﬁ Ll Ll : Ll
4400 4600 4800 5000 5200
#F1% Altitude (m)
12000' (b) o
‘E 10000 }
=2
® 8000
m
O g
= m 6000 Ff
'-H'l y - | o]
e B
B 9 4000
S y = 35.243x - 829.8
% 2000 | r* =0.89 p < 0.001
[
o 1L 1L L 1L 1 1
0 50 100 150 200 250 300 350

Aboveground Biomass (g m?)

i EEME

B3.2 () AR R L (b)) 5 FAEYRZ MR ANFFRERR
bR A AR SR 1) 25 5 2% (ANOVA, Tukey HSDAISS, p < 0.05). 2L M brifE it
Fig. 3.2 (a) Variations in belowground biomass along the altitudinal gradient and (b) the
relationship between aboveground biomass and belowground biomass. Different letters indicate
significant differences among the seven altitudes (ANOVA and Tukey HSD test, p < 0.05). Bar

lines indicate standard error of the mean.
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32 FmEYESBEEEREIMEIERERE

3.2.1. EEYTEMEMERELEREERFHTNE

Leith (1975) FHZ T 2 (logistic functions) fEAEK R FiIE T
e AR GRS SRR A R FIRR. PR
FIX— 7 RRAR G M A e 1 5 o o R A s R b L 0 A . R A4
1 AR TE B AR AE IR DR ORI R K A 5D Z MK R (Luo et
al., 2004a, 2005a) o 5K RS 1 K I HH ] 2 S8 AR MBS b (1) 1543 i 5 435 A RN 4
IKZ HIEEIX—K & (Zhang et al., 2010). Kk, FAVR B ALY =Y
P w PEAE ARG S 5 AR AR D1 1) R R AR I R i 5 R . 7 R
I

y=k/ (L+exp (a+bx)) 3L H

y=k/ (1+exp (a+bx+cx*)) JiFE 3.2

Horr, y ARRAEWRESCE T x WAEYIIAEE T k O E KA )
PR ORISR A A/ B AW A 5, B B AR 450 g m?, 957
i AR 400 g m, R B R AR 12000 g m, R E REE 25
AN m?); exp A EREIE: a. bl c %

bR EIR AR TR A, RATIEK D= R R S AR B
TR RAM TS 5 FO7RE CRARE M. fad. W3 BA—m ko) it
17T 4, IR AIC {f (Burnham & Anderson, 2004) % J7 F2 (4L A4 kAT
T AIC IR T E AT

AIC=n* log(zn: (&i/n))* + 2K

Hrp, n oykeARE, & WG AMEZE CEME SE 2 B Z{ED,
K AE A i & S84

FEARas AR, FEIFR S AR AR IS R 10 AR ) e A b = U5
Firp, JCHRAHFEBRTBCBCT 0 2 5 I B P B Aok, 3B AR T R
AP i, B AIC HBAR (£ 3.5, WRIEMA R LB sE (P A1 AIC
AR, If Ha@ 0% B AR g NASEE S, P, FRATERIE 7
FEHEATRE— LI A
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WAV AEY R CRAERE B A N AEY) R L Ib s F AR Hif
P TIERE O A EREARERAND . AT PESRE B R
SPRAR S I PR RIEREE . 7 AR 7 AR R AR K
B 5 AR, 7 HBEKURAE KRR SR (5°C) A SR Yr s
RIF 43 AT T B S8 o 3BT gl AR, R K 12 AR T AN FikiE
SIS T RE 52 3.1 BUFFE 3.2) MREFHU LA AW s e ISR E 128 Ak o HJE,
HI T Bk 12 ARSI T (A AR R A G PE (3% 3.4), IR HIH
TR, KB FYRE. EKE YRR B KRR KRR K
SRR (5°C) [ ELAEX AR W e (AR s e, DRLEFRAT T o s 20 # T I 4AFHIX 5
AN A 5

BB IR T, AR RN SE T w5 AR IORE SR, IF Bk A2 vy
LAERE 64% - 87%MEMEAAL (K 3.3). T LIS MA KFRK B LI
A BE IR T i S T S AR, e, AR S I A KR K
2RI IEM IR (E 3.4 K 3.5). EBANGHREE F, TSk
T 57% - TA%IM AR A, ARG S T AR A A A R R B e (I
3.4 A KZRREAON AR ) AN I AR 8 1T I 67% - 83%, LR ¥B B |-
AR R de e (18] 35D

5 A ERVE KK E AR, KPR AE KT T LR
JFERI R BERF T E s T ek B AR 3, i AR KRB K SRR (5°C) IR EGE )
BT E T R e R, BRI 3 AN 2 TR IR ST S BRI
FRIIR —IRINZE R (18 3.6 - 3.8)0 MARREEERE, AR BRI L A 52
Mifebs — AERKFEBKSE (5°C) M ) AR R e, 153
76% - 88%, i T AEKTE IR 64% - 87% FI A K ZE T34 145 B 1) 52% -
84%, i FHmid FIEA R A KK Y R A IR, ARBLT AR
T EERTAE A AR S R o], [ It 3R AR SR — U ARORR B B AR X R A Kok
B E KA A

Rk, ARIEEYRSAKETE/RE. AKFTH R0 B RE K FRoK
LR (5°C) ML AR stk —Rth 26 0 &, ATt — 005 7 0k 3 AN
FAERX—HFARBE R EX A AR K & (323.6)
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3.4 AFEYIREE R T 2 8] R SR (ALT) AHDCIERERE . ARV N PB4 KK (GSP)L SHM K (May-P). 7THG /K (July-P). Ak
ZPS0E (GSAT). 5 HA P/ (May-AT) . 7H 4P/ (July-AT). A KP4 LR E (GSST). 5 4P HIEIEE (May-ST). 7 43F

BIEHERIE (July-ST). H¥WSIE K TS CHRIRE (AccT) FIEFIAN (F) 4 (U) HHRSE (STN).

Table 3.4 Correlation matrix of environmental variables along the altitudinal (ALT) gradient. Environmental variables included precipitations (P) for growing
season (GS), May and July, mean air temperatures (AT) for GS, May and July, mean soil temperatures (ST) for GS, May and July, accumulated temperature sum

above 5°C (AccT), and soil total nitrogen (STN) across 41 fenced (F) and unfenced (U) quadrats

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13
1) GSP (mm) 1

2) May-P (mm) 097" 1

3) July-P (mm) 0.99™" 0.977" 1

4) GSAT (°C) -0.88" -0.80° -0.85 1

5) May-AT (°C) -0.88" -0.80° -0.86 0.997 1

6) July-AT (°C) -0.88" -0.80° -0.86 0.997 0997 1

7) GSST (°C) -0.93" -0.877 -0917 098 098 098 1

8) May-ST (°C) -0.93" -0.86" -0917 098 098 098 0997 1

9) July-ST (°C) -0.93" -0.89" -0917 0977 0977 0977 0997 0997 1

10) AccT (°C) -0.86° -0.79° -0.84" 0.997 0997 0997 0977 0977 0967 1

IDF-STN (mggh) 0897 0.85 087 -0.83"" -0.83"" -083" -0.89"" -0.88"" -090"" -080"" 1

12)U-SIN (mgg") 0807 0.78° 07777 -0.747 -075"" -074"" -0.83"" -0.82"" -085" -071"" 087 1
13)ALT (m) 087" 0.81° 0.85  -0.997 -0.997" -0.99"" -0.98" -098 -0977" -0.997" 0.83 075 1

B () ROREFMAKFE, *p<0.05, **p<0.01, ***p<0.001.
Asterisks are statistically significant at * p < 0.05, ** p <0.01, *** p <0.001.
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3.5 R AMEY AR E 5 S AN 1 2 Mo LS T B IC RIAICHE . A4
FERE S EAEY R YRR AR R AR T AR PR AR (ALT),
ERFERIK (GSP). EKF P2 (GSAT) MIHHERE (GSST). TIHEAE (STND Al
AR SRR EE (G/A): UETTHRARREOE (Exp). BT (Lgt).
MR (Lin). MU (Log)s #7HE (Pow) Fl—JC kK J7HE (Qua).

Table 3.5 Coefficients of determination (r*) and AIC values of the regression models
between biomass/species richness and several environmental factors. Biomass
included total (T) and sedges (S) aboveground biomass (AGB) and total
belowground biomass (BGB) of fenced (F) and unfenced (U) treatments.
Environemtal factors included altitude (ALT), growing season precipitation (GSP),
growing season mean air and soil temperature (GSAT, GSST), soil total nitrogen
(STN) and the ratio between GSP to accumulated temperature (G/A). Regression
models included exponential (Exp), logistic (Lgt), linear (Lin), logarithmic (Log),
power (Pow) and quadratic (Qua) models.

FEE A%E AIC

Dep.var Ind.var Exp Lgt Lin Log Pow Qua Exp Lgt Lin Log Pow Qua
FEEPTALT 032 064 033 034 034 0.64 400 359 390 389 400 367

JS8:
GSP
oSk 0.65 0.70 0.70 0.70 0.66 0.70 370 355 357 357 365 359

F-T- GSAT 032 064 033 024 023 064 400 361 390 395 404 366

AGB
GSST 044 052 047 044 041 051 388 377 381 383 390 379
STN 0.54 0.63 0.63 0.61 054 063 373 365 365 368 369 367
G/A 0.10 0.86 0.11 024 024 0.87 409 322 402 395 404 325

EA ALT 007 0.87 036 038 0.08 0.62 415 355 383 382 414 364

™~ GSP

e 028 083 0.74 0.74 029 075 387 347 346 347 381 347

E-S- GSAT 007 087 037 028 0.04 063 414 357 383 388 418 363
GSST .14 084 050 048 0.11 053 406 374 373 375 408 373
STN 022 072 0.63 0.62 024 063 395 367 361 362 390 363
G/A 0.01 0.87 0.14 028 0.04 0.85 422 333 395 388 418 325

EA=A ALT 001 048 0.01 001 001 053 118 87 117 117 118 88

YyFp

i GSP 0.15 0.19 0.18 0.18 0.15 0.18 110 109 109 109 110 111

z=pasa

E-SR - GSAT o1 044 001 001 001 049 118 90 117 117 118 92
GSST .02 028 004 0.02 001 031 117 105 116 116 117 104
STN 0.09 0.11 0.11 0.13 0.1 012 113 113 112 111 112 114

G/A 0.04 052 0.02 0.01 001 056 117 83 116 117 118 85
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HEE BHZE AIC

Dep.var Ind.var Exp Lgt Lin Log Pow Qua Exp Lgt Lin Log Pow Qua

FIA5h  ALT 038 077 032 034 040 071 371 317 361 360 370 328
P
- GSP 0.69 0.68 0.66 0.67 0.71 0.67 349 335 332 331 344 333
LY
U-T- GSAT (37 078 032 022 027 072 371 317 361 366 375 326
AGB
GSST 51 062 047 043 047 056 358 342 351 353 361 345
STN 0.63 0.68 0.69 0.68 0.66 0.69 340 330 329 330 331 331
G/A 0.13 0.88 0.09 022 028 0.89 379 289 373 366 376 287
=5 ALT 046 0.83 038 040 048 071 384 304 347 346 383 318
BER GSP
e 0.63 0.67 0.71 0.72 0.66 072 398 343 317 315 388 316
U-S- GSAT 44 082 038 029 034 073 382 307 347 353 384 316
AGB
GSST 55 0.77 053 0.49 050 0.60 362 328 336 339 364 331
STN 0.52 0.57 0.66 0.66 0.60 0.66 392 341 323 323 365 325
G/A 020 0.76 0.14 029 036 0.87 385 322 361 353 387 286
=5 ALT 057 079 045 046 059 0.72 675 608 649 648 673 624
AR
Wi GSP 075 0.69 0.69 0.71 0.78 0.72 674 627 625 623 665 623
U-T- GSAT (56 081 044 034 045 074 674 606 650 656 679 620
BGB
GSST 068 0.72 059 0.56 0.63 0.65 655 627 637 640 659 633
STN 0.66 0.74 0.76 0.75 0.72 0.76 659 619 615 616 632 616
G/A 028 083 0.18 034 046 0.84 682 606 665 657 680 602
=5 ALT 002 036 0.02 003 002 038 108 91 108 107 108 91
YyFp
wpe OSF 020 023 022 021 020 023 98 99 98 99 99 100
z=pa’a
U-SR GSAT 02 033 002 001 001 035 108 93 108 108 109 93
GSST 005 0.19 0.06 0.05 0.04 0.19 106 103 106 106 107 102
STN 0.16 0.17 0.17 020 0.19 023 102 101 101 99 100 100

G/A 0.01 0.48 0.01 0.01 0.01 0.50 109 &1 108 108 109 82
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Fig. 3.3 The unimodal pattern in in above- and belowground biomass (AGB, BGB) was well
correlated with soil total nitrogen (STN) in a common threshold-like logistic function. The
two-years’ data were for (a) total AGB and (b) sedges AGB of fenced quadrats, and for (c) total
AGB, (d) sedges AGB, and (e) total BGB of unfenced quadrats.
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Fig. 3.4 The linear pattern in above- and belowground biomass (AGB, BGB) was well correlated

with altitude in a common threshold-like logistic function. The two-years’ data were for (a) total

AGB and (b) sedges AGB of fenced quadrats, and for (c) total AGB, (d) sedges AGB, and (e)

total BGB of unfenced quadrats.
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Fig. 3.5 The linear pattern in above- and belowground biomass (AGB, BGB) was well correlated

with growing season precipitation (GSP) in a common threshold-like logistic function. The
two-years’ data were for (a) total AGB and (b) sedges AGB of fenced quadrats, and for (c) total
AGB, (d) sedges AGB, and (e) total BGB of unfenced quadrats.
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Fig. 3.6 The unimodal pattern in above- and belowground biomass (AGB, BGB) was well
correlated with the ratio of growing season mean air temperature (GSAT) in a common
threshold-like logistic function, indicating an optimal temperature for plant growth. The
two-years’ data were for (a) total AGB and (b) sedges AGB of fenced quadrats, and for (c) total
AGB, (d) sedges AGB, and (e) total BGB of unfenced quadrats.
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Fig. 3.7 The unimodal pattern in above- and belowground biomass (AGB, BGB) was well

i

correlated with the ratio of growing season mean soil temperature (GSST) in a common

threshold-like logistic function, indicating an optimal temperature for plant growth. The
two-years’ data were for (a) total AGB and (b) sedges AGB of fenced quadrats, and for (c) total
AGB, (d) sedges AGB, and (e) total BGB of unfenced quadrats.
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Fig. 3.8 The unimodal pattern in above- and belowground biomass (AGB, BGB) was well

correlated with the ratio of growing season precipitation (GSP) to >5°C accumulated temperature

(AccT) in a common threshold-like logistic function, indicating an optimal combination of

temperature and precipitation for plant growth. The two-years’ data were for (a) total AGB and (b)
sedges AGB of fenced quadrats, and for (c) total AGB, (d) sedges AGB, and (e) total BGB of

unfenced quadrats.
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AR R T AR

Table 3.6 Optimal climatic variables associated with maximum AGB and BGB along the
transect were estimated from the logistic functions in Fig. 3.6 - 3.8. Climatic variables included
growing season mean air temperature (GSAT, °C), growing season mean soil temperature (GSST,
°C), and the ratio of GSP to AccT (mm / °C)

R ERFTY LS ARFEKEH

e i (5°C) [l
GSAT GSST GSP/AccT
FEfREAH EAEYE
Fenced AGB
PEVX Total 5.82 7.37 0.80
PP Sedges 5.39 7.62 0.84
FEfsh e EAYE
Unfenced AGB
VX Total 5.91 8.18 0.80
PPHK Sedges 5.77 8.45 0.82
FE 24 A Y=
Unfenced BGB
VX Total 5.68 7.77 0.82

KL, A ) O AR A AR BRI R R KT AE AN ]
M XA BTAN ] o G B 7R AR AT S YD S b DX R A2 26 7= T iR BRI Rl F - ( Whittaker &
Niering, 1975), i/ MIBR ) T F€4 MK Clut s 46 5 R0 e i O (g A
7 (Pérez & Frangi, 2000; Hitz etal., 2001). fETFk IR, USRI, BEK
e HR e A2 77 AR AR I T EIR BRI 7 (Luo et al., 2004a; Yang et al., 2009; Ma et
al., 2010), {H[A] FE PR 7 A= 3 3246 (Wang et al., 2007; Ma et al.,
20100 AWFFTEI R SR, A 5 oK B IEARSS (K 3.5), i 5 i BEAT
IR G B ST Ja BRI etk —th 20 & (& 3.6 R 3.8), R
P B L IR A7 0 RIS 32 21 1 B RN B /K R SR BT X, B2 AR T
AR SRR A g AR BRI, DS DA et T s e S A m A i ) T
YK 50 il (Webb et al., 1983; Epstein et al., 1997). AHWFFH, EHFKIE
T 4950m [FHLX, AR E L R RN A, T B R K PR G N R, ]
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TR X K (R B = BT A2 D0 i3 A, il BE A T e BE IR 73X — 7K 4y
8. — ki, BEAE LA AR e TR e, R B B K G i, A
175 U e M A B DX AT S 22 PR AR W] R PR 7K 43 CFB) a5 v P K 5 AR T
HAE D AH, 52 B a R K 23 JF AT P AR S i A= 0, X SRR
B, SRR B X AR 37K 3 B K 23 e AR A i MO X AN AR, K
BRI TR R IR, AT R T A A o NIRRT e 2l
FEER X, R P A AR T 2 3K 73 5% 7y e (Billings &
Mooney, 1968; Vitousek & Howarth, 1991; Shaw & Harte, 2001; Luo et al., 2004b;
Reich et al., 2006). [E xR 11%] (the International Tundra Experiment, ITEX)
S AR R e LR D PR 38 S0 9, S 7 s ] () M T T AR AR K 43 R 43 1R PR A
M S AR s R A2 7 (Arf et al., 1999), 2 B v JE Ml [X A7 AR AR S 2K
IKGEFR A IE . WAEBSEMERE, AR, 4 hEaR IR T 7CR,
IR CO, i H B 3% R % (Wieser & Tausz, 2007), XL B 5 A5
FITA R A0 A 7 T s 1) o A T LR o AR FUAR S 28 Tl Fry A A2 v
AP TR AR 5.8°C, LR 7.4°C (3R 3.6,

VER KA A AR TRRR, AERKFBKSHUE (5C) A (GSP/AccT)
FA R Bty (I 3.8), iy TAE— TR — DA P IR B (18] 3.4-3.7),
RO A D15 BRI AL R . [, 42705 GSP/AceT ZIH)
(LU RAR SR R A, FEIX IR BAE b, AR EAE BT B K AL A GR
3.6) 4 GSP/AccT /NT B AE(H (0.80—0.84) I, FA/KIEA = F7 BRI K
15 24 R T e AR, A7 g (R B P DU AR Al T o 37K 20 B 1 B 1
55 RAE5 (Luo et al., 2009) 7 FH AR TR T 5L e s AR A2 7 03 43 AT 4110 99
EARAL, BTN, HSEbr &M SRR (B/E) /T 0.85 I,
T AT 52 37K 53 B o

gi BRIk, AR IAEHE RO B bR SRS R BT AEAS [ R 2 AN ]
PR DR (R BRI AT ey, B, FERMRIE R MIX, Bk CREUT R iia) B
TR, TR IR X, AR CREURZK A FIFR 4 e W2 R
AR BRI 7 B AT AL, S PR ST R  d A T R R X, I
LR e Pk B RETE 3 AT LT, b b R DR % 7 i ol 1 e 2
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B Mo DRI, FERIFTE B e i v SRR AR A I e S B, A [ 4 oe J
PR HE i) AR 2 n] e AT AN ]
3.2.2. mMUMTH EAEME R HIGREE R EERIE

T4 8 35 H A T 4800m (¢ = 2.7, p = 0.021). 4950m (t=4.0,p =
0.003) F15110m (t=12.1, p<0.001) MREE S FAEYRE (B 3.1a), H4x 4
AR (4390m. 4500m. 4640m Al 5210m) FFAMEER St A=) B AR T [
A, (BREATIER W KT (B p>0.05). /SIHAEREKE, TDHEAE 4950m
(t=4.1, p=0.002) }% 5110m (t=8.8, p<0.001). RH L 4500m (t=4.4,
p=0.001) FIZHELE 4800m (t=3.8, p=0.004) [{JEFPNH EAY & G
m RSN, TS R SR (& 3.0, e T i ik R
PR

AR B R AR AN E T AR R (AR, U T TR (Watkinson
etal., 2001; EEFRITAHZ, 2006; Lietal., 2008), MR T #EK AW R 1
WA RS S (Retzer et al., 2006). 767 98 5 AR AL ER I g4 g AL x, o
[V o B S (OO 2 M BTG T e A i, A LI AR R 2 “U”
WAy iEak B3 B AR T AR i i X (Hirota et al., 2009).
AR, U R B2 R AR 7R 4700m - 5100m Rk EL
M I X AR B b AR ) i 0 3 A (81 3.1a) o (R st dE AN 4R B0 1 oK
A, HREA L AMOREE L SRR RIS R A R R I AR AL S T
JE AR R (3.0, U I B SR b A=) e (R AR A ) o
3.23. MMFEFEEME EEYERLBREE RSN

VEN YRR R R L —, WM F s BEA G 152 3R AR S5 R 1
24 (Huston, 1979; Willig et al., 2003; Maetal., 2010; 757548, 2010; Qiao et
al., 2011, Bk, {ESr BT B AR e 2 /i, AT Se b 1 i
Pbh B b AR YIRS R 0 R A B . 45 SRR, BRI, PR
P w BRI BT 5 AR R, IO A = B R FE R 36% -
48% (K 3.9). LAY SAADIRER TR, M £ BRI
BRI KA LIRS R MO B IEADC (3R 3.7, SR pRK
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WHT TR, BEHER T, PR E TSR REC (G 3.1, HRRE M
AR R R SR AR A . DRI, AEREANARRR B b, IR R SRR
e FAEYE R ILEE I IEA R (B 3.11a). [Tk =E & R S
A R PSR, B [ SR DA A e T PR A
(i) PP R P A Sy, FRATI 22 O ST S R SR IRk 2 [NV, FeBRIA I X6 —
Zp AR s f, X =22 o6 ROHAT Tt Dbt M ik ~: o
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Fig. 3.9 Species richness across (a) fenced and (b) unfenced treatments were associated with

altitude in a common threshold-like logistic function.
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Table 3.7 Logistic regression functions for relationships of species richness (SR, species number
per mz) to growing season precipitation (GSP, mm), soil total N (STN, mg g'l), growing season
mean air temperature (GSAT, °C) and growing season mean soil temperature (GSST, °C) across
altitudes of 4390-5210 m

DA AR HARE @ TR r’ pfH
Dep.var. Ind. var.  Logisitic functions p-value
HFENY Gsp o y=25/(1+exp(1.8121-0.0055%)) 0.19  0.005
P

Fenced SR STN y=25/(1+exp(0.0183-0.1857x)) 0.11 0.036

GSAT  y=25/(1+exp(5.0095-1.9536x+0.1501x%))  0.44  <0.001
GSST  y=25/(1+exp(8.3775-2.0399x+0.1085x%))  0.28  0.002

FRS Gsp y=25/(1+exp(1.7553-0.0058x)) 023 0.001
i

Unfenced  STN y=25/(1+exp(-0.0193-0.2214x)) 0.17  0.006
SR GSAT  y=25/(1+exp(3.4539-1.5135x+0.1185x%))  0.33  <0.001

GSST  y=25/(1+exp(4.7614-13064x+0.0715x>))  0.19  0.020

a =0.48 p<0.001
r=0.52 p<0.001 x A i
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Fig. 3.10 Altitudinal variations in species richness across (a) fenced and (b) unfenced treatments
were associated with the ratio of growing season precipitation (GSP) to >5 °C accumulated

temperature (AccT) in a common threshold-like logistic function.
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Fig. 3.11 Relationships between aboveground biomass (AGB) and species richness (SR) (a)
before and (b) after removing the effects of temperature and precipitation on both stand variables.
Residuals of AGB and SR were the differences between the field measurements and the
estimated values from climatic regression models in Fig. 3.8 and Fig. 3.10. The regression lines
were for the fenced treatment (I'ZF, solid lines) and the unfenced treatment (r2U, dashed lines).

KTWFh = B ST e T A== D AR iX —mr @l Frie B, HEELE
AT % iE ) 4518 (Tilman et al., 1996; Aarssen, 1997; Huston, 1997; Huston et
al., 2000; Kaiser, 2000; Loreau et al., 2001; Grace et al., 2007). 7E AN KHHJEEH)
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5 5 R R R RS BERS Je) S LIRS LR

FER R ORI — 3 Z IR IR IEAH DS K & (Tilman et al., 1997; Hector et al., 1999)
E DI RUSE ) BF AN AT b T AN & B 2 G 5 (Waide et al., 1999; Mittelbach et
al., 2001). FUICRP AT e i - N TRER RN B & A 2 TR R R S
HARBEVR PR ARG (Jiang et al., 2009). IE4h, N TRERAEAE R @A A5
(R AR B PRSI Rl = B 5 47 D) Z 1Al 6 2R (Tilman et al., 1997; Hector et
al., 1999); TMANIFI) B ARHE BT AL 1 AR BEAE AT e TR, X AR BRI S Uk £
(v FNF S5 e A7) o e BERT AR 7™ 07, AT R0 3 — % 2Z [A] ) X & (Grace et al., 2007;
Maetal., 2010). K, 4EREERAESCRN G5 B AR, IR B
PP R B BRI AE P D R 5w n] R T AR B AR DI )5 (Loreau
etal, 2001; Baeretal., 2003; %{4x/E4%, 2003; Grace et al., 2007; Hector et al.,
2007). AWFFLRM, 2 RBRICEEH 70 Rh =5 BRI AR = D) 3L A R 2 S
TR BE AR (K3.11b), 553045 (Maetal., 2010)
%o F R R P AH DA 5T 45 1 — 3L

AT TR, BRI IIERZ G, Wb = B DI IR o
FE RS HLASSE 1) B ARBES T, RV A7 I AEATE 2 D EL B e T RERE A 4561,
T2 Xt 4 77 71 stk /N (Grime, 1998; Smith & Knapp, 2003). 4R EE
v, LAY RPEL T R A A AR (D Re . (9 0] e T 70 43 Hb A FH BRI
TR, JFRENS A RO IR D RE L& N AN R PR EE, TG A28 R4 T
R (L4525 77 J1) (Hooper & Vitousek, 1997; Grime, 1998; Chapin III et al., 2000) .
ABETEH, PEIAY R S T R B AR 4G S (FF 4650m LA (¥
SANUGFRBESE, % 3.2), IFRAMEMIGHRAR RS (B 3.1 &K EIEEYIR
BERFZ KRR (B 3.4-3.8), Bk, AREISULRRY, WHRHE LAY
PPl RERE (BB SR AW X1 (W AH BLAE Yo T BER KA 0
AR BERS R, T Rh = LA B (F S MR/

3.3 NG

YRR R GG I ARSI, SR RS RS RE) BRI
o R—EARAREYIR UL, b B E o KA I rT U 2
AW, BRSNS RIS B AR R AR
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BRI B ST 5 R R, RS, BORREY . SRR
et AR R —BUR R BNEIREE R b, YRR R SR EAEY)
A IEAR G . AR EBRINGE 70— LR 5, PR R R
VEH FAE R W ARG . L, BT IR AR AR
MG BA A R o AR AE IR Ik, YRS IR S
(STND. ERKZFEREK (GSP). KA (GSAT) A (GSST)
PR A K2 K SRR (5°C, GSP/AcCT) 22 [A) ¥ 0T AR if-$th 38 48 37 i ) 7
e, BN, Y& STN M GSP IEMIS, 5 GSAT. GSST Fl GSP/AceT 2%
TheJa BRI Ik I 56 R . Horh, GSP/AcCT it A4 i iR 5 B, WK
WA G LR T AR 7o S A EER 1 IR S R, AT
VIR i 5 N o s S e e S EP R S b= ] i PN RS = 7
b DX (R 5 B 7K 3 s PR T X A A o DRk, RIS
LAAEREI A K T 5 (B HE KA &, RIS GSAT. GSST Il GSP/AccT {143
H5.4-59 C. 7.4-8.5CH10.80-0.84.
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SEVUEE AR R IEROR AR Jai S I B ) (48 7R

FOE MHEROEREERRRENETHIET

ol KA B T R HH IR bR B 4% 75 0 b S e BT AR A R AR A )
W8, Il LUK AR R M A S RGN S5 R Th RE AL I R A —
(Mclntyre et al., 1999; Diaz & Cabido, 2001; Lavorel & Garnier, 2002; Garnier et
al., 2004; FlFESE, 2007). R =F, FATRIUBEK b Rt b A 7k
WAL A S0 e T i 5 PR TR R FLBARHE AR 1 52 S i g AR TR (2
BUKS A JE T X —H R I BRI o (O, sl =3 3.2.3 #i5 frik, 4b
SRR 2 T SR IRl UMD IAHSGHERIR, a3k i 2 A
¥ IKF 14 77 11 (Hooper & Vitousek, 1997; Grime, 1998; Chapin I1I et al., 2000).
I, SRR L k2D M PR A ) IR B RS =y, LA
TKF ERT R PEIR 5 AR AR MRS 2 18] 1R 6 3R B A = Dy IR s AE H

WS T, S K K ARG I 8°C {5 NPP 5 53 FAH G
(Luo et al., 2009; Luo etal., 2011), it A (SLA). MRS CALFE Ninass
Hl Nurea) FHEGEH BRI R IEMIE (Field & Mooney, 1986; Reich et al., 1994,
1997; Wright et al., 2001; Shipley, 2002; Wright et al., 2004; He et al., 2006;
Wei et al., 2011). JfH, SLA FHM-%E & LI FBUREDLEE A2 AT BLE
WiFE A 8°C i (Korner & Diemer, 1987; Korner et al., 1988; Kdorner, 1989;
Vitousek et al., 19900, Kitt, 7EAZ S, MalE &R —mnliE e (K
pygmaea) FIP /N WA A F—4T A2 52 (P. saundersiana) FlE /G XUE4 (S.
stoliczkai) )i 8°C i+ SLA. Npasss Nareas F1H7K34 (Leaf Water Potential)
SERFPRR, BATETERE LR HoIR & 15 AR TE 5 NPP A 7] (1 50 Rf 4 Bh
A% Ry, TRUT RG] 70 I e PR IR s o, kel o] P AR i v 1Ly R IS8 08 o 1 A5
9336 VT R R ek AR R BRI A 1K T4 ST A e, BE— AN AR VA AR
77 3 (RIEAR R A% ) o

F T AT G PO AR Z R T R i KR SRR R, R, %
SR AN BE S —— X R R RE R KRR A T, FRATTARE R gl
AL SRR AU A G R AR KR AR K R K Y
U (5°C) LGB AT THEE. HAAJ5 2R
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R L e S T A A ) IR RORR T R AR L PRI

X AEREFERUL (GSAT), i HZUTEHR (ALT) T i 2tk PR
ff CREE =55, 182,70, DRIURERA e AR Bh B AT 2Pk fE, Ay

GSAT =-0.0071ALT +40.82, r*=0.99;

YT AKFERK SRR (5°C) MHE (GSP/AccT), HEEEK (ALT) Jt
F TR, AHZERIAR R () EI B AR THREO DT (P =0.90 vs
0.99), KL, FAVEPAREIDATRHA TS, TR

GSP/AccT = 4E-05¢" A, 2 =0.99;

ST EKERFK (GSP), ik (ALT) JHREmseTH R E BRI, Bkl
HILT 5110m, K, AT AKZEREKLL S110m S FE53 0 P B4 Al AT 2k 1k
WA, TR 5N

<5110m Iff, GSP=0.2501ALT - 739.29, r*=0.99;

>5110m I, GSP=-0.4968ALT + 3072.60, r*=0.92

AT A B T AT R4

41 HPRREB KRG ERE R IME R

411 M8 C EBHRBERERLNERE

B AR AR AL, = ANMIRR I 8°C (B RO — S Ak A (K
4.1). BT, VR BEE AR s B, e 81 C M RIA SE BT S
Tr s, BARME DA 5000m 24 (K 4.1a, =074, p=0.002), 5
Wy I B B AR I (R AR e BT o R R AR P — (R TAE 22 3t 81°C {E bt
R T PRAL (B 4.1, 12 =034, p=0.012), M/ X E 5 WG BE K T
mm TR A, BRI S (B 4.1c, ¥ =026, p=0.073).

FERANIFHRBEE b, il st 8PC (i 5 B AR S B A58 4.2a2),
5 K ZR PR S RN AR K ZR K S A 1 P2 ) 2 B 5 B AR IS T 1 — 2l
LR F, MHAERKTFEREKEAARERHCHE (B 42b - d). BEIRIERENREHRM
JE 1 §1C {5 A KRR B B AR, (AR MR (5100m
F15200m) 2 J5 IRRARHEHR, 5 Ll i §1°C {E 5 B /K 2 ] 4 5 300 5k 35 Tl 67 A
% (rF=0.53, p=0.018), WMLER IR, I §7C (L kf A K2 V35
AR TES (B 420D, DAk, 4ER57% Bk FIFAE IR M, 7K 2362 1L
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Fig. 4.1 Altitudinal variations in leaf 8"°C of K. pygmaea, P. saundersiana and S. stoliczkai.



R L e S T A A ) IR RORR T R AR L PRI

-25.0 1 (a 250 (b
(@) *=045p=0.017n=12 ® ¥=074p=0.002n=12
252 |
& 254 |
2
o
256 |
-25.8 |
-26.0 + . . . .
3 4 5 6 3 4 5 [ 7 8 9
STN (mg g’ GSAT ()
250 (c) HileH -25.0  (d) HRETHSE
#=0.71p=0.004n=12
252 __um -25.2
_ ° <] 5100
= 254 | o |' <254 |
£ ° o
w
256 25.6
o
o o
25.8 o 25.8
o (s}
S S S— .Y | . : : : :
380 400 420 440 460 480 500 520 540 560 0.2 0.4 0.6 0.8 1.0 1.2 14
GSP (mm) GSP/AccT (mm/°C)
Rk TRk /AR

4.2 AEEPIIREE N 70 1 L S P IR . AREMIABE N P s L AR EKE
PR AR K R E KRR SR (5C) HIEE.

Fig. 4.2 Variations in leaf 8”C of K. pygmaea along abiotic environmental gradients.
Environmental factors included soil total nitrogen (STN), growing season mean air temperature
(GSAT), growing season precipitation (GSP) and the ratio of GSP to accumulated temperature (5
°C, AccT).

R4 AEAEYIRBL N 7T AEZR b S RB P KBS PCIE IR (. AEEMIREIN 7
iR, ERF AU ARERKAIERKER KSR (5°C) KIEHH. PriksR
Table 4.1 Correlation coefficients (r) of abiotic environmental factors and leaf 8"°C of P.
saundersiana and S. stoliczkai. abiotic environmental factors included soil total nitrogen (STN),
growing season mean air temperature (GSAT), growing season precipitation (GSP) and the ratio

of GSP to accumulated temperature (5 °C, AccT).

ET ARk TG X E S
P. saundersiana S. stoliczkai
+ 4% STN 0.28™ 0.61"
A K22 P 1) S GSAT 0.58" -0.52"
A=K ZE £ K GSP 0.06™ 0.52"
KB KR GSP/AccT 0.63" 0.38™

#p<0.1, *p<0.05, ** p <0.01, *** p <0.001, ns, no significant difference.
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DU PR IR R et B R A )

T REZS ARG B4 1A 8 C A 45 FREABE DN 7 (K ¢ R BT BRI —
ok (R 4.0, ETHEZBEM §1C [H- 530 BRI AL & 2 10 2 B35 EAR G,
111 5 - e A R B /K B S B AR S o R B4 81°C fH 5 A R K
IR IEARDS, SRR, T ik A K AL S A A e . X —
g UL AR AR R SR BROGEIR Cln i S8 X (K A R o) I, B2 B
SR IR 2 A, ) e IS G 5 4 ) SR A LA R 5 e, AT 3 B
X ER I A AR N 1 AN — B
412 SLA fIHE & ENBRBERERAMNERE

HI TR S5 B2 NPP B HFI/K 73 5 i B 4H B (K TH s T S T e )5 A1,
I KAH HBLAE 4950m — 5100m 2 1], Jf FLi il F g 8°C e iZiti4k Ve
WA, AT X — g3k BEE A A KT T e K AL & . Rtk 765
B =AW K SLA FH- 05 B4R (AR A U, FRATTHEAT T 20 Besb 2, B,
LA 5000m K43 14k, 3 o S e oM ARG SLA il 2 it IR AR A JE
(EYSEZS AN R A NS 55

IR, TERBARIFHRIIX, = ANPrRhir) SLA Y230 % BE#E 3 T i T s
frfadh, b, EilE S (K 4.3a, 1 =0.66, p<0.001). £TFZM%3E (K 4.3b,
r’ =0.60, p<0.001) AN TEH (K 43¢, r*=0.70, p<0.001) [IZE4LHKS)
W4 6.69 cm® g'/100m. 8.18 cm” g'/100m 1 8.65 cm” g™'/100m; 1] 7E 4% i iF 4K
X, w433, P =0.01, p>0.1) A XES (K 43¢, *=0.05,
p>0.1) (17 SLA A7 I H B B IRIF OB BERS ), (RET AR 2R SLA WIBifg 4k
Trmgks: T (B 4.3b, *=0.50, p=0.005).

5 SLA AN, Niss (A R LR (] 4.4a, 17 =0.20, p=0.043) FEJkE
ZeWik (B 4.4b, ¥ =0.15, p=0.046) EHARMR X LI SR ) IEA ¢
KF, HALZE 514 0.63 mg g'/100m A1 0.48 mg g'/100m; HLEHE ik
DA ] B R B AR S5 (18 4.4a—b, p>0.1)0 PH TS Nipass 76 AR
JE EFSE R R RAE (K 44c, p > 0.0 B Naea M 55> = NIFI Norea
LE BRI b DX 35 F I Bt T e i S B Ll s 5, 181 4.4d, 12 = 0,34,
p=0.006; 4THZEWESE, B 44e, ¥ =040, p=0.001; /X TEH, K 4.4f,
r’ =048, p<0.001); (HLER I KA 4] FEZE LN Narea BETHE T 11T
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ARBEIEAT (& 4.4e, =045, p=0.009).
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Fig. 4.3 Altitudinal variations in specific leaf area (SLA) of K. pygmaea, P. saundersiana and S.
stoliczkai in different elevation range (lower than 5000m, L; higher than 5000m, H). Regression
lines denote the trends of data from 2009 (A) and 2010 (O).

P 5 L AN AT FEZR 30K SLA 1 Nipass PEARIFIR B B R — 21 Bl I
BTV S, X PIANIFIE) SLA T Nipass Z 1A 30 5 25 EAHE 6 R (i
1355, & 4.5, r° = 0.41, p = 0.002; 4T #EZEF% 3%, & 4.5b, 17 = 0.32, p=0.003);
TE IR BN AT B (K 4.5a—b, p>0.1)0 JEIENTES SLA 5 N
TEREANUFIRBO RS B BEACNE (] 4.5¢, p>0.1),
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Fig. 4.4 Altitudinal variations in mass-based leaf nitrogen concentration (Nys) and area-based leaf nitrogen content (N,.,) of K. pygmaea, P. saundersiana and S.
stoliczkai in different elevation range (lower than 5000m, L; higher than 5000m, H). Regression lines denote the trends of data from 2009 (A) and 2010 (O).
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Fig. 4.5 Relationships between mass-based leaf nitrogen concentration (Ny,ss) and specific leaf
area (SLA) of K. pygmaea, P. saundersiana and S. stoliczkai in different elevation range (lower
than 5000m, L; higher than 5000m, H). Regression lines denote the trends of data from 2009 (A)
and 2010 (O).

S AR PR AR SEM R, AEBURIERIX, =) SLA
K5 AR A KFERKREKFERKSBUE (5C) MHERE EAHX, M
B4R PE/RIRBE TG (R 4.2); AR, il SR X
B SLA ST MR 7 R%AH B MR, M HEZER e SLA 5 84K
AAERKFBK SRR (5°C) WA REF A, 15 AEKT PR M4 K
B S AT o BT XL B L s B A AL, AR RhX, A
KGR (5°C) IMHEXTIE SLA MR e (3 4.2), 1S I FRA
I T SLA J/h, KWKl A PR 320 SLA AR BRGIEE 1~ 1
TR AR, SLA SZ RS K1 (1 58 M LA S %
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55 SLA #HE, B Nowass WL L 23 R IOIAEE D 7 LR B 2% . MK
TIEAE T BRI PR DX L 7 R B Nonass 20 2L
T (R 42D MEREIER X, = ANIIFIE Ninass BIEH RILH 5 — IR EEH
TIAREE (R 4.2).

4.1.3 SLA F Ny B9 §°C [ERIFIE

MR KT, PR8I 3 AN B % i 813 C i, i A S 5 i 4 SLA
FH S B MIRR AR i 81°C { (Schulze et al., 20060, WIRGHTA, /K
SRR Z IS DUN , R P AR AR R BRI Fr, BB SLA FIER
I Nareas AT ARFFER DG A T80 . AN, b XA - KKV 22

(vapor pressure deficit, VPD) 0K, M- T8 AL T ERK. XL A AT
CARRAG I A COL WKREE (o) HFREE COL WRIE (e MILLAE, T PR
St PC I, AR R 8 C A o 1T Ninass 18I AT LA b 38 G388 ke 5 i £
FARIRRI AR R, FEEARIN o/c, R I 8°C 1. Bt L,
SLA 5 8°CH A, 1M Npass 5 8°C {2 IEAH% (Farquhar et al., 1989;
Luo et al.,, 2011). A5, gALAYIF S LS ERE, HARBAREHE XK
- 8°C {5 SLA B E AL (B 4.6d), {HH 8°C {5 Nipas 1B 52 535 51
5 (JE 4.60), FHIIX—H D 1 BRK A 1T R e 2 8°C (a3
LA R o AR iR X, B §C 5 SLA Il Niass BIBEAT 525 A DG (
4.6a, A, YW SLA F Nipass IR AEIX —Hb X AN REAR A MR I 81°C {E 10728
. B, ) SLA AT Nopass 530 813C (AL IOFREE A 7 AT REA BT AN o it
TFANHAMELEY R OR G, H 85C {5 SLA Fl Nipass I RLEA R R )
WAk X 2 T3 B ANTH] (Kl 4.6b - ¢, e - Do
414 BLUBEMKENEGREERERENEER

RE— BR3P i L 7 S R K A s e, AR K B
T Tt m G A%, ARG RZ MR 5 (B 470, HTAKERKSH
W (5°C) MEBE T mnm T m, PRIk, L R KA 12 L R Rk
A SET i JE BRI RS R (I 4.70) i Ll i 7K SRR IR AR A i R 3 B 1%
PRI ALE A TR ER IR 7K 53 P aE dme /0N 5 - 7 2 AL AR TR v A 40 T s 2 AL K PR 7K 43

IR
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TR L S A A AR FE (AR AL BRI

4.2 AEEYIAEH T3 = MNP SLAFIN s RS ()0 ARV TR FE IR R AR PAE. ERKFRKAERKFRKSEE (5°C) 1tk
fH.
Table 4.2 Correlation coefficients (r) of abiotic environmental factors and SLA and Ny, of the three species. abiotic environmental factors included soil total

nitrogen (STN), growing season mean air temperature (GSAT), growing season precipitation (GSP) and the ratio of GSP to accumulated temperature (5 °C, AccT).

+I3EA2% STN K ZE P40 GSAT EKZ=REK GSP KRR/ GSP/AccT
L H L H L H L H

EILEE K. pygmaea

SLA 0.77" -0.17" -0.817" 0.12" 0.81"" 0.33™ 0.83"" -0.15™

Ninass 0.54" -0.32" -0.45" -0.23™ 0.45" -0.18"™ 0.42" 0.25™
¥THZRBESE P. saundersiana

SLA 081" -0.59" 0.77"" -0.717 0.60"" -0.70" 0.77"" 0.70"

Ninass 0.47" 0.28"™ -0.39" 0.27" 0.17" 0.50"™ 0.40" 0.31™
WP NEZ S. stoliczkai

SLA 0.83"" -0.08"™ -0.84" -0.22" 0.84"" 0.22" 087" 0.24"™

Ninass 0.31™ 0.53™ -0.17™ -0.07™ 0.17™ 0.07™ 0.18™ 0.04™

*p <0.05, ¥* p<0.01, *** p <0.001, ns, no significant difference.
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Fig. 4.6 Relationships between mass-based leaf nitrogen concentration (Ny,s), area-based leaf nitrogen content (N,.,) and specific leaf area (SLA) of K. pygmaea, P.
saundersiana and S. stoliczkai in different elevation range (lower than 5000m, L; higher than 5000m, H).
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Fig. 4.7 (a) Altitudinal variation in leaf water potential of Kobresia pygmaea, and (b) its
relationship with the ratio of growing season precipitation (GSP) to >5°C accumulated
temperature (AccT). Different letters indicated significant differences between altitudes (p <
0.05). Bar lines indicated standard error of the mean.

4.2 it MiEREYER S SHLH R NPP B3R RIER

4.2.1 " 8VC HEHR S TR R AL

HtH ARG , — Bl AR 8 C (B 5 MK R 5 41AH 2% (Morecroft
& Woodward, 1990, 1996; Bowling et al., 2002; Song et al., 2008; Luo et al.,
2009). THLERERBEE L, fEY 8°C (EbEHER T m A PR H AL 3
X5 P F L T AR A BT O . ZEIRIE X, - §C i — RPN bl HR T
S TE e (Komer et al., 1988; Minnel et al., 2007), Bk 7T i B ¥ SLA
TERE X — M SR E L FE N (Korner et al., 1988, 1991; Vitousek et al., 1990;
Hultine & Marshall, 2000; Minnel et al., 2007), %I SLA Xt 8"°C {5 {15 ML
FAE B SO e . MifE TR HX, A 8VC I E e BT R S
UK AT IMIE TR T i 3 B TR /KBS U mT LR gk — e, DRI, R4
- §C (LRI BEARR T o M0 AR (4% (Van de Water et al., 2002). AT
JIT AL 1) 18 s T R e i M T 2 R b X (o R 2 B 35 e i
RSN, 1984) . FERMEHERHBIX (5000m LA R ), At shhimg il i
8 C A AN Ay B H T i BEAR KR 4 (B 4.1), SR AT b X 5 4R
UYL 451 —3 (Friend et al., 1989; Van de Water et al., 2002). I35 A 15
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L O §C R M BT R W, R R IX , L5 Bk DL K 5 ik
FERIA G AR, WS 2 IEARSE (8 4.2), UEHTIX—HX 7K 56k 2 3 A
F S A 83C (AR 7, LI RE PR3 o T S el 48 Jm 2 HE 5
JAlX—T- 5 il (Webb et al., 1983; Epstein et al., 1997). BRI Er, MK
DT A, KA A, i T KAy BeZ SE TR, 1 8VC k%
fi (Friend et al., 1989; Van de Water et al., 2002). 41k Z| LK AL A )5 im0
PRARELTF I, Koy ARSI AR e, i e L R §1C {E AT T [
(B 4.2d), R K BZ T 300 T RPRE AR TR 8°C E 1 BRI T
FET I SR 3, R4S (Song et al., 2008) Fl1B KA (Luo et al., 2009)
S 7 8 e SR T SRR R (I Ay, ARERIRERR ¥ 81°C (B e ARk L R g
T i AR B A WAL, T AEARZe b DX )2 25 T sy o AR B ER X,
Morecroft Fil Woodward (1990, 1996)%] > A4 Fit Alchemilla alpina F1 Nardus
stricta (R W], R SEE R 8°C . HrERmnl & §1°C [ FEi s
FHE RS CUTARAHIE ] 4.2b 17 iR X RUR B 4645 (Song et al., 2008) 1)
WHI0), BARCARHIESE i Ll i B /K AR e o X IS (B 4.7), ATAH A
BIFFC AP i PR DX PG, 2 v L 3 B 81 C BT R s R DR 7

HE A YRR T = AN R AR B, R 25 B2 BT A B
Ak, AR RT REIE I 55 4 e ) SRR AL AR I SE 4, OF HH A R
FEE T LUBIRAS, ANBEFR R BEE KT NPP 121K
4.2.2  SLA Fl Npass HFIR 73 IR HEHL ]

YEN SHEYDEE R VIR, B (SLAD FIH4E
BT R RERT 4L CO, HIHE ] (Field & Mooney, 1986; Reich et al.,
1998; Wright et al., 2004). [, FHYIGA BE I8 5 5 Lo A R & & &
S IFEAISS (Reichetal., 1997; Wright etal., 2004), CHIFTR], HAY)H
PLFEIH 80 5 B (Niass) 38 % R I BEIEER T =1 715 (Korner, 1989; Bowman
et al., 1999; Ceriani et al., 2009), SAMILEE F—8. HZ, =R SLA
PRI R AE AR I DX BEAE R T i i T, T PR e i A X AT i 2 A4k
(K 4.3), 5 KZHWFITEE AN (Kormner et al., 1986; Hultine & Marshall, 2000;
Kao & Chang, 2001; Luo et al., 2005b; Shi et al., 2006), 1fj-5 Bowman 25X} 3¢ [H
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BEZ R Z @l HA Frasera speciosa [{#F5T—20 (Bowman et al., 1999), {HILX}
FOCHLBE S Z RN AARE o

PR 5 1] I8 52 2 2 AN ERBE (s, a5 IR B A S 45 A5
NIRRT A B SLA (Reich et al., 1999; Wright et al., 2001, 2002; Luo
etal., 2005b; Poorter et al., 2009) . ASHIFFTHY,  BCAGIEHA I DX i BEAH 8 v T e
KD, JLRARI) SLA Ui FE/K AT g2 i L X RE) SLA AR AL BRI 7o X
Ninass KU, BARHESR M X IR - 398 4 505 1 W) JL Rt I $A T o i T oy 00 PR o1 A
T B I S R =AY Nonass IR LA S2 B (1) (R 4.2) 0 7RG
VR DX R 1) Narea H A S 8UR 51 10 NPP,  BEIHAE K M Z (FORGL T, AHA)
M A FEEZ BIK A SATBRS, N JTR I AA /N (Luo et al., 2009;
2011). BEATHFA T, BRI I B F A, 803K 5 BRI e B m . H
HE, AR K SRR LI B R A e B A R A K AL A 2 5, NPP B
% N, 1M SLA HI Npass WA B WA (LK 4.9 7RED, I HAERHADFh
ST BN P 8AE WM (K 4.2). Ht, X—HiX SLA Fl Ny (972
WASBEARRE NPP (RSN, FHIE R, FER aifE kX, BRIV P
NPP 1) EZIREEA T, 5500 SLA H Nipass 22011 T2 BEIRBE N 7474 ] 08 22 5=
RN, R I B s N, SRR T, KR
BRSO, SR RS AR G N, DS AT 8GR S BEAIC (Photosynthetic active
radiation, PAR) (Richardson et al., 2004; L5, 2011), MAEYA AR 74
B SLA SRAMEEAR PAR oy RIFDEERE IFEK (Mitchell & Woodward,
1988; Evans & Poorter, 2001; Poorter et al., 2009). FAWIFBLE KRG, EKZE
SR i AR i B B 22 TR AR DX, 23 AR B B R s i Ty (AL
2.76), I HAERKZFNBARK SR (5210m) ) PAR & T AR HK
(4950m) (J& 4.8), PRIk, FEIZMFIRBRRE b, 2 B FIKY O RS 1R 52 i v] BEXT
SLA Wik 53 5 OUHAR mifg b O A HZEMAER, MR R E M AR /D o
Ak, SLA 41T 52 B B AR AR (1 A FIAE 8 1R 5% (Anten & Hirose,
1999; Gunn et al., 1999; Poorter et al., 2009). WFFTEN, A KAEAEYIA T B
I H T8 S R LA 3 i 1) SLA (Anten & Hirose, 1999); I bifi 5 A= K
IS} TR R FE K H: SLA B#{% (Gunn et al., 1999; Wright et al., 2006). WA 5T HIHE
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TEEK) (RHARARZE) MBTSER =AROR G, Hal 5 s —AE Sem LA
WA 3., Bk, BT AKERALAN A BT 2 350 SLA BV AZ A FRE K 7
SREENE. R, AR L, M4 KGR A BT L
K 2.7d), PRI R] A8 EOR FAS RIRER R i HATAN R A R T, AT 3 80
SLA 7T 72 5 o b — XA [RIGAR0R0 B B ¥yt BEAT e AL IF: 43 B HE SLA Bl
KBTI AS AR A7 B T 3R SLA (R85> T L .

MG LKA, SLA fi J3 BERI [ vhsE , HAlH 5 — 3% 5L 41U K (Westoby,
1998; Wilson et al., 1999). WIFEH], BB D MIAEAEAE ™ AR 80N 8 4 1
ffiH- (McDonald et al., 2003; Yates et al., 2010, A4 H- %5 1 A E i 5 K
(Niinemets, 2001), B LLER =K 73 FIHI 2% (Araus et al., 1997). AW
AR R B R B R AR (Bl R W), Bk, SLA [
AR AR T 2 S R AR AL T BB, X T B ) K ST B
(Niinemets, 1999; Poorter et al., 2009) . k5 X - fift SRR £ 16 2 I i A
Wh T 5% SLA R 1 AR (AL .

4.2.3 SLA H1 Nuass S 8"°C fH IR mHLHI

TEIGEE R COy ML FE T, AHW I 56 R B 1 B T ik [R) o 5%
(20D, st A PC A RHIRHEFAER (R A Ar 2415, Farquhar etal.,
1989), MAEMIABLA R, 8 C LA I T CO, TR 54L45 2 Il T
(O'Leary, 1988; Farquhar et al., 1989). TG v TAEMIXT CO, I
ok, AL TR CO, ks, Rk, ML S ERRECE G A e )
Then ¥ al LSS0 F N3 COy IRIE (¢ HIREE COy I (e LA FFIT,
NI SR B R 7 2 I BRAIG, 7= AR it 81°C . th <4l CO,
WRSCRIZK 233 R 3L R, ICTFIORE A7 AE X COL WRISCRI 7K 4338 2% IRIASL AT
IR K S B 46 F T MW TR R K T2, BRARSIL T EE, A CO MR
ok, 8P C E TR, S8 §UC (i S A A SRR (Luo et
al., 2009; 2011), iy 57K A R BIEASS, B 1R A9 K 20 R 00
(Farquhar et al., 1982; 1989).

BT SLAL M4 AL B PRIR S DG G Re B DA G, BRI
PRI R 73 ) 5 i e IR 3k i B i 8'°C { (Schulze et al., 2006). 7Ef#
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Fig. 4.8 Monthly mean values of photosynthetically active radiation (PAR) at 4950m and 5210m
in year 2009. PAR of 9:00 — 19:00 were used to calculate the monthly mean values.

TR b X 8'2C AR AT Hf 3 T e T T v PO SR IR ol a5 DA Ay B A4 T 2
1 BEAIGIR) SLA FIANAZ HL %2 THE K Ninass 7 BB 1 Nareas 051 IO MR 1
% T Fo6) BC ) (Kormer & Diemer, 1987; Korer et al., 1988; Korner,
1989), FH 8"°C fH15 SLA FiAHIC, M5 Naea IEFII. T3 —FOUL A0A N SR
Hi DX = 1) 81°C A A B FRARFE M A (SLA B/ 81T CO, £ P #L
(F12E 2 AT 20 (Vitousek et al., 1990), 5 SLA 15 8"°C HZ AIAEAE SUMISE. M
TEMRRE TR HIX 81°C A BEIAR T 1M B AR A% SR IR AR SCHIF T A IR (1T
e S0 AL S RS X 1% R P HIA 7 (Van de Water et al.,
2002). TR, MY A BN SLA (Reich et al., 1999; Wright et al.,
2001; Luo et al., 2005b). %) Nyea  (Cunningham et al., 1999) FIAE S
fLSJE (Turneretal., 1985; Van de Water et al., 2002), SEH 1 §°C {H.
TEABTU, AR MR X (5 8 A8 v T B 7K 20, SLA #27s Ninass B
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HUR Norea B0, {H NPP G, Rk, 810 81°C {i vl 8 - 252 2K b &
BT 5 e, 1 N JCR P FEIATN K (Luo et al., 2009; 2011). EE S
PRHX , SLA Ninass F1 Narea A, 17 8°C L H1 53 T, BEHATHI SLA
FIN JCE BT T 54560 8 C A IR EE R A AN A . 20X — B [ A
SLA ARHEA A%, Sz AR X A (B 4.3), RIARE I A Z 1%
X SLA [U# IR T (% 4.2), H SLA AR BEMR §°C (M Fmash.
U o 81°C ME LKA, T A Narea BUMMEHE A2, IR T 1
Fixt COp iR, MM FRARILRT PC #1305 (Korner & Diemer, 1987; Korner et
al., 1988; Korner, 1989). (HZ/EAWTFTH, HAR SLA NI Ninass 2 BEHFA T w110
THiEn, A Norea HVREREAR,  MIAER SR HIX BAT B B8 M (18] 4.4). BRI,
Narea JANREMRRE M X T2 11 81°C A

B SLA A& LAL, SALFEEMAR BTG 87 C [EHsk.
DR, AR CREUK S MbE) v LB 2 AR K <AL 2 (Smith et
al., 1973; Delucia, 1986; Morecroft & Woodward, 1996; Mellander et al., 2004).,
R, ASBHFSUR ik X 1 81°C BT, AT REFRRIE (P EURK T RED -
AR AAL T BT 2B, W52 SLA AR S AR IR m N, B RAL S
PEH CO, sy, FLAHFRAT T LARRAIG ci/ca {1, AITTBEARAE AT PC (K305
I, HE—2B 5L B RS A B 3T 81°C A4k B 5 4% o T AR
4.2.4 WHERXT NPP 138~ 1EH

R P 75 8 o DR A 5 S AR AR 1, i 8°C (55 NPP [ A7AE
BEMAGAR, I AR TR E s 527 (Luo et al., 2009; 2011). 1%
BERLERW], TR, NPP RZZ KA, 5 AR A4
XHgEe—8. AR R, R (B8UKS ) i §PC e Ok
W5t LA K& Song et al., 2008; Luo et al., 2009), % 8°C H[FFEFE 7~ NPP (1) R4
(Luo et al., 2009; 2011). BRENEARBOERE, BEEERTT =i S6 T i a B AG
[f) NPP 5 4 FAI 5 T s (AR 38 b 81°C {2 1o 2ARGF A5 (&) 4.9 o)
B, CEP RS (Luoetal., 2009) FIRIR, FUTHRBEE R §7C {4
XA g AR AT AR B (R R 7R VR

TEREANFIRBOIE L5 Narea 56N S5 WA W] 2 R E T A BEARRE NPP 46
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ThaJa BARHIR SR (L 4.4 M2 4.9 785D Narea 586G BRI A I A
& AN o FTWEIUR W], Narea TH 7 TG AR AEE (Westbeek et al., 1999)
FLEFET (Vitousek et al., 1990; Hikosaka et al., 2002), 58# Nyea 317 W] 481k
M AR B2 R (FLFHE, 2011), IF HAAKH N R e S A& 5%
BHIAC (R T~ N JCRE 2 M ARG 3B T8 SECT X R 1
ML Dk, 3B AS IR A T FAE A AN [ 48 B 2 0] 1) 3 B R o
17 By FIREATETT X FF R Narea F1 NPP IR KR

Zi LR, HEUN SLA RIS §C HAT R R H R [ Sl e A i
PRH X NPP AR AT BRI~ 7R B ek X, SLA FIF 205 & 1 A2 1 AN g
fi R 83C 11 M2 NPP [(9748 4k, T 8°C {H475%% 15 NPP #7145, Kk, NPP [f
BEAG = 52 BT R e PRI 82 C LT S M HH R IR AT 3 880K 7K 40 e, 1 NG
E ALY P LS

NPP/MH-# 1k

B/ KRBT

14.9 NPP A AH S MR BEFAONI P K 5 B 2 LE AN R AR o R & 8] . B R R s i
KNPPIR ) 5 A5 PR 7

Fig. 4.9 Different trends of NPP and leaf traits with increasing altitude or environmental factor
(e.g. the ratio of growing season precipitation to > 5 “C accumulated temperature). Dash line

indicated the optimum values of environmental factors when maximum NPP occurred.
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4.3 NG

TR R KW E R I 2 o, I OB R A B v 5 2k
ARG BRI REA NI R . AW, AN A KK SR
(IR, PR3l L o5 B 8 C AR 2 I H B I T v o 5 BT s T v PR i 3,
55 NPP [k s CeTtma AR AR, R §°C X NPP [k
D SEE RIS A . BERER T, SLA T Nipass THETs 10 Narea A, HAE
B (>5000m) EA AR . SR X SLAL Niass F1 Narea AN AE
TRUFIA4E R NPP (48 4k, R WILEIZH X 3 PR R §°C {H L& NPP [f13F
B A BTN o ik DA B AR A Y SLA it 505 AN Re R 1 X
Bt 81°C Ho Si A HEER TORE, BRI X KA D SN T R E
FEI 8C B I = B A s i B KR 78 il R AR e BRI IX AT TR K
SRR AR T A P BB, T SLA AN JTE RIS AI R N teAh,
L1 7 BB VA T v 1 2 T e 5 B IR i K At 3R WA A £ TR0 1) 7K 2 e
B/, Sk 8RC (A NPP T W IR RS SR — 8. 8 BTIR, BATAR,
TR R A B 2R 7 A2 IR TR Ay e, (ER )RR B T BUK 43 W
EPAEE R T IR, B AR 1K 4 hiE 32 0k B T RRK R A S BT
B R LTS I HL, K BRI, AR A R
LEZ FNIK A ZATF IR, TN JCHR R AT/ o
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FHE HRERE

TEAL TP HEEL S R R m g, AR SCld RENE LA S
(1t S B BV RUAN [ Th REARE AR 1t A SRS A b b U o s BRI, i
& 3C {ERI 7K A5 Ha bR B VAR B 25 AL R, ) FEAR R ) S < 5 R0 1 3
TR, X LR FRER IO AR R AT T HUEVE RS, DX En R e DX R A
WA PR AT AR T 5 B K o3 e X — 418 A i) EHEAT TR0 2
ST

L SRR TR, BT, AR IR A AasREK
Z. 5 AM 7 AR R H PS5 CRIARED PERR, oK (A
K 5 M7 B SeTh@ s, SORE I T 5100m Zit, 1fi&AiEK
3 R P A A R ) AR K R K S AR 0 LRI T o AR R AR A R A
R, iR DX K o AR 7R

2. WA FE D) RE R AR TR, BT R, RS A
(R b AR s R B b AR ) AR A3 — B, 2900 e T 5 A
R, B RMEHIL T 4950m — 5110m 2 [0), WiRHEIE, HARMY). SRHED
2 R A R B — SRR BES Jmy o ORIV b A= e 2 1 )
W), VAR, JUHE e L s AR AR 4650m LA BB 95 T RER SRR
Kigy, € 4 DDRERF TR B, HRBEE T Z A4 4650m LLF,
M ECRAE Y AR 4800m BA_L o 0Fh = BT b b A ) B 1 5 i 3 i 3
W, FERLA . AR E SR A S A . (R, MR
PG IR0 T IR S, WA B SRR B AR R ) AT R (AT
KMk, SR AT g2 A Z TR TEAH DG T B2 e AT I BE R BE DR 1) AR 3 B
MAIE = 2 A I R o PRIE IR 756 iy b A= (R S M MR W, 1%
VR DX IR SO 5 e B T R A . SR, FERBAT (5210m)
B BN 7K 23 RGBT T AR S v i 2B ™ 0y, GRS BTl g 2 vt M DX
AR BR A T R KAy ORI, AP AR 2R B 5, A T 2B ). BRI, A
RIF IR FE AP AE R Z X R A KB (KL A, I IR AR KR P2
A R DA A AR K TR K 5 BRI B B 23 0l 24 5.4-5.9 °C\ 7.4-8.5°CAll
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