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ABSTRACT

ABSTRACT

It is generally considered that water availability is not the most limiting resource
at high elevations, especially at timberline area because at the upper timberline
locations soil water content is high and precipitation is often abundant where the low
partial pressure of CO; and extreme cold may limit the growth, development and
distribution of plant species. Recently, the effect of water stress on plant growth and
distribution at the timberline has received varying attention and has been supported by
some field experiments. By comparing the extent of water stress of different plants at
timberline area, it may help us to further explain limiting factors for plant growth and
distribution. Stable carbon isotope composition, emerged as one of the more powerful
tools for studying the interactions between plants and their environments, as well as
for understanding adaptations of plants to natural environments, has been widely used
in plant ecology, global change and related research fields. The stable isotope
compositions of plant organic matters contain an integrated record of environmental
changes and could be used as an index for assessing long term water-use efficiency
(WUE) of plants. The Tibetan Plateau, the third pole of the world, is the ideal and
important place for the research of structure and function of nature ecosystems and its
response to climate change due to the frangibility and sensitivity of ecosystems under
the extreme environmental conditions driven by high-altitude climates. On the
south-east edge of the Tibetan Plateau where is charactirized by a cold and humid
climate because of high evelation and relatively abundant precipitation, the alpine
timberline dominated by Sabina saltuaria or Abies george is one of the highest
altitude timberline in the world and will play an important role in studying plant
responses to global climate change. In this thesis, we measured the variations in leaf
8'°C and related leaf traits (specific leaf area, SLA; mass- and area-based nitrogen
concentration, Npass and Nyea) and biochemical compositions (starch; none-structural
carbohydrates, NSC) associated with altitude, canopy height, and leaf age across
different plant species and life forms growing at the north-facing Abies timberline of
the Sergyemla Mts, southeastern Tibet Plateau. We focused on the understanding of
differences in the eco-physiological characteristics related to water use strategy across
plant species and life forms. By comparing the water use efficiency of different plant

species and life forms, we tried to determine if water stress induced by low air or soil
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temperature at the timberline could explain altitudinal variations in leaf 8'°C. We

further examined whether the canopy height-induced hydraulic limitation previously

suggested in the literature might exist in the timberline plants and then could be used

to partly explain the vegetation changes from tree species to shrub or grass species.

The main results indicated as follows:

1.

Variations in leaf 8'°C across evergreen trees, evergreen shrubs, deciduous shrubs
and forbs at the timberline were examined at both species and life-form levels to
understand the differences in water use strategy of plants. The 8°C values of 31
species belonging to 18 families and 28 genera ranged from -30.24%o to -25.39%o,
with an average of -27.68%o. At the species level, no significant differences in
8"°C values were found in evergreen shrubs (R. wardii, R. pingianum) or in
deciduous shrubs (S. oritrepha, R. glaciale and S. rehderiana). However,
significant differences in 8"°C were found among life forms (P < 0.001):
evergreen trees (-27.27%o0) > evergreen shrubs (-27.56%0) > deciduous shrubs
(-27.93%0) and forbs (-27.91%0). The results indicated that although soil water
availability was high at the timberline, the significant difference in isotope
discrimination occurred among life forms, suggesting different water use
efficiency of plants. There was no difference in 8"°C of plants within the same life
form plants but a significant difference between different life forms, indicating
that the variation of water use efficiency was dependent on life form identities.
The 5"°C values of different life-form plants would be an integrated indicator of
changes in water use strategy among functional groups at the timberline.

By measuring the 8'°C values and related leaf traits of current year and 1-yr leaves
across species and life forms along an altitudinal transect, we examined the
altitudinal patterns of 8'°C values at the species and life form levels and the
relationships of 8°C values to environmental factors and leaf traits. With
increasing altitude, the 8'°C values of current and 1-yr old leaves significantly
increased in Abies trees and evergreen shrubs but varied little in deciduous shrubs
and grasses. The increased rates of 8"°C with altitude were: 0.61%0/100m for
Abies trees, 0.30%0/100m for evergreen shrubs, 0.12%0/100m, 0.03%0/100m for
grasses and deciduous shrubs. The results suggested that plants with different life
forms showed different responses to the similar increase in altitude, and Abies

trees were more sensitive to altitudinal changes. The significant increase in SLA
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ABSTRACT

was found in evergreen shrubs, and Abies trees showed the similar trend though
no significant difference existed in current or 1-yr old leaves. In contrast,
deciduous shrubs and grasses did not show significantly altitudinal variations in
leaf treats. The starch and non-structural carbon concentrations of leaves across
species and life forms varied little with altitude. Regression analyses indicated that
the 8"°C in Abies or evergreen shrubs was negatively correlated with SLA but
showed inconsistently relationships with area or mass-based N and P
concentrations, suggesting that the effect of SLA on 8"°C values was a result of
the increased pathway of CO, from air to leaf and then decreased intercellular
CO; because of increased leaf thickness (lower SLA). For any life form species,
no significant relationship was found between &'°C values and starch or
non-structural carbon contents, suggesting no post-photosynthetic discrimination
at the timberline. Our data indicated that the 5"°C values of plant leaves were
mainly controlled by environmental factors, especially low air and soil
temperatures that determined leaf 8°C. The low soil-temperature enhanced
hydraulic limitation might contribute to the increase of 8'"°C values with altitude.
In this case, plants would improve their use efficiency of water resource (high
8'°C values) by increasing leaf thickness (low SLA). For tree species, the high
canopy stature and accompanied low air- and soil-temperature at the timberline
limited the water uptake by roots and its transportation rate in the soil and plant,
leading to a higher sensitivity to water stress in trees than in shrubs and grasses as
indicated by the highest altitudinal variations in 8"°C of tree leaves.

8"°C values and related leaf traits of different aged leaves collected from different
canopy positions for Abies trees and two evergreen shrub species were used to
determine the relative effects of sampled canopy height and leaf age on 8'°C and
related leaf traits, and to examined if hydraulic limitation hypothesis could be
used to explain canopy-vertical patterns in 8'°C. With increased canopy heights,
8'°C values increased significantly both for Abies and two evergreen shrubs. The
increasing trends of 8'°C were similar for different aged leaves. The rate of §"°C
increase per unit height was similar between Abies trees and two shrub species
(0.18-0.20%0/m vs 0.16-0.17%0/m) across different altitudes, suggesting that the
water stress would be a physical process, not a biological phenomenon. No
significant variations in Npass, Pmass, Starch and NSC contents with canopy heights

were found across Abies trees and evergreen shrubs, indicating little
VII
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4.

discrimination during photosynthetic process. Because of leaf age effects, leaf
8'°C was negatively correlated with SLA but positively correlated with mass or
area-based N or P concentrations. Therefore, the combination of variations in
stomatal conductance and photosynthetic capacity determined the differences of
8"°C values. The height-induced hydraulic limitation would be the limited factor
influencing the variations of 8"°C values along canopy gradients, suggesting that
water stress of plant leaves, especially for leaves lived in middle or high canopy
positions might occur even under the cold and humid environment at the
timberline. In addition, the variation extent of 8"°C values along canopy gradients
was higher at the high altitude (i.e. upper timberline), suggesting that the water
stress induced by low temperature was more prounced at high altitude.

Given a threshold of low soil temperature at the timberline, tree species with high
canopy stature would be replaced by low shrubs and/or grasses, which not only
improve soil temperature and enhance the uptake of water or other nutrients by
roots, but also decrease the pathway of water transportation in the plant. In this

case, whole-canopy carbon gain would be improved accordingly.

Key words: Sergyemla mountain; Alpine timberline; 8'°C; Leaf traits; Water use

efficiency; Water stress; Life form; Physio-ecological characteristics
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KT S i B AR DG A B A 2 R T (AT 5 1 6 R PR T Jp LB B2 (1t 5 g 4 1
(IARRE, A7 BT S A b R A e LR Ze o Ak 4 BRAR AL TR Wi Y

TE FerREPRCHILIX. 53 oy e 300 5 B VAR R T v g 1, i L 3 B A e
PRHX AR =y (Krner 1999, [R]B ey L X pig Tl A 3830 BERRAIR, 28K/,
FELA) Z5 I A AR A, A IS AR A AE B oK o P AR A LR RS, LA
AR AR B B IF AR, JC R FEAKE ) o (2 AR E D X A7 5 — PR 0L,
R IR AR, AR R TR AT AR RARAESOK 23, AT AR A PR Ak T 7K 4
GZRA (Komer 19990 734k, X T KIeAKUL, B AL A R4 7K 73 1) 1
i BE 2 BIPRH] (Ryan et al. 20060 RUETEVFZ Sl X, FEAKBIT A S
BRIV A KR A A (0 2R, AR R TSP AR IR B SE, FRA T 38X 7Kk 43
(I (Magnani and Borghetti 1995, Li et al. 2004) LA K 754 1) 7K 23 5 45 ( Smith
et al. 1984), i HASARI 24 FH W BRAR T /K o3 Jy, At B AE7E7K 2 i (Li
et al. 2004) . 7K 73 PPN ARE T il 1) T SEME 52 3] 1Ok B 1ok, JF HAS R T
AN 0 S FF (Korner 1998, Sveinbjorsson 2000, Grace et al. 2002, Morales et al.
2004, Li ef al. 2004). Wilmking and Juday (2005) ZEWF58H 48, RAE&EILTTHE
552 BRI BRG], AH R BT LA, BB 2 BF LA UE SR I a2 1677
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

PREE Hh DA ) 2K (0 53 A — Tl BRI DK 1 o S F 9 bR 2 XA 20 1) 7K 43 1 DR 250
A B RE A 1) A B2 BRI AL BT K RE (Li er al. 2004, Wilmking and Juday
2005).

T e SRR L BR 1K 58 =0, 2 A BROMURR (1) AR R TT . e B IR B TR
JRIT ISR T R, 7RG BERNAR AR SR G T, TR T AR T 24 (1
ML TR BEOKZA IR U IR BA R, ZEAR /N (1 M B DX 3 g LA T2 26 R ol ok
FHHH 1 FURFAE IR S RGBT AN AR e, WPAR DX S SLME AR X 1) AR X R AA S 2R
G0 B A FE IR ZN R 56 o E 240 BRASRAIE ST, 355 SR — AN
JE R REAT XS FH X, AR 25 R G0t I — A8 1A 1) 5% T 5 0 7 LA e ke o 2
(A7 CHNSZURUE RS 1998) . [RIET, 7 6 ey SRR (R PR % PR 1 S LB s i 72,
TELEMIIA AR R e B FLOE N AR D7 T 130 T R (R, AT e b A 64 7 A
)5 RIS AR F () SRR T 1 T B (RSO 1998 2274
275 ROA A8 B b 2 B3 PR € 5 L v LR e 5 s J o b PR — AV Rp (8 B0 (4
SCAE 1985, AE BRI IARE 2 —, FEAMIR R A R i B LT AR T T
TR TR, R N R R A ) 5 PR BT 2 R 1 0% 3 DL A A6t A BRAR A i) 1 4
ARG AL, D00 52 31130 3 14 DGTE o TR ) Bl 9 AT DK e LR R IR B A R 4
S e J € 5 L LT — e b X R ) A B AR AR SR T SR B I B, IR N ST
ieiy L ARG AR A) A B AR 28 2P R I L 5 S0 2 TRT 1R DG 28 18T B M A e 0 4 v 1 L
PRER AT A5 AR A 1 )3

AR SO R & (455 b 1 F LR RZE SRR ) (K8 °C (. AR
JGERR ARG R PR Bs S S AR  Teb e FE LA RS TR (0 23 SRR AL, R IX
PR ATAFAEAK S M IEL ), PR AN 7] AR 8 SR 07K o3 R FTIR I, 87 (I Tk
]S EUR K I AE 2 KRR AR AR 8P C IR AR Ak, SRR T e 1k
(17K 1 B (Hydraulic limitation hypothesis) AE75 & 70 iR B AR e AT £ 5 T A
B ARR (KA B AR TR AR A A A B I 52



B B

FoE Rk

E—T SLUMREHRER

ey LR PR (1 3 07 5 Wi e i DA 2 SRR S S i K R T I 2R AR
W A ARE R AR R, TR R AT R G i AR B A AR, UG Y
WX RS S A AR R B RGN L AR R PR A AEAL, Ee i, 1Y
N REETT, AR s, AERRIAST PR S EHIAMA K (Korner
1991) . ey tIARER A A XS TR AR S MR B BRI X 22—, ol e R AL
DNy HE B X SRR (IR 2 B rp AR T P LBE L AR bt DX AR (10 A 2 2
PEASARFIE SR A A B A A IR AURK R N, AT A SRR A AR A 15 557 (KA
VEh A TRBER A o T T gt v LMK [ A AT Je B i L AR ) A B AR 2
FRPEAE 25k

1.1 & Lbkge e X R H KR

AR AR RL IR AN R TR AR o AR Py i e SCR BT+
2, IF A4 THIRIE . Clements (1905) S WAl H T A= A& Iy
(ecotone) XA, R AR AR IL P & SO PN ANRIRER I 45 S ity o vl dk
Z(alpine timberline) & AR MR iy 1L J5 iy 2 ) A0 55 A i R AR P AR A e Iy
SE I AL S AT B AR AAEI AR o — R Ry ik g2 e T AR AR S
W2 [ B Py, AR T B P AR AR DA H R AT, i id 2m, B 7
XFPRIIR AN 5t (Holtmeier 1994) . H % My Ll 4 g L g RIS R 1 AN [R], 9 Y
LT AN S AR ER B o Tranquillini (1979) K iy (i ARER 43 PR, —Fh Ky
WA (gradual), BI—M0R S ERIMREL, b3 —Fioh SRR Cabrupt) ARk, RITAK
RGERIAEREA, B A 1 BT, BOMARZ B RE B, B — 55K bk L
VRE N B () 2 o IRV AN TRI AR S ity 3 AT (R 0Bl BT 225, (H A AR AR ZIIR IR E
I B IR AR TR AT SRR IRl . SR — Ak, B A YA
A (1) SARIMRER, (2) WA E: (3) REMIAMRARL: (4D [FIRFIR A



O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

TE 3 KB I 5 A KT B A B s bk e AR 5245 2005)
1.2 SIMRERHF R LB

e LU PR A B A I T (R HE R o B B RS AN T ST T 78 T R o7 5 1) B 25
W, WREGAT B X R AR AL 5 U B #EAH ¢ (MacDonald er al. 1998), Jf HAk
2 (o7 B 1R W Sl AR A T B AR R IR IN ) RO B WL oK . 2100400 var LR ZR 1K)
WFFC DI RE A KRBT 2 = AN B, 31 (1900~ 19404F) T 22 fEMRZ i VR
FIX R iR (Holm 1927, Daubenmire 1954). H1 3] (1940~ 19804F) & /i fiff
e LI ARERAE W 5 PR 1) (AR FLOG R LAPisek Ay 1 IBIFFE AL, ARk HLIX &y L
TP A S DI REREAT T R EWFIT. BHA A& 2% K Tranquillini (1979) 1 (&
I PRER (AR B AR 28 ) — 576 i Ll ARk 10 26 B0 A 28 5T R 5 F AR PE VR o X —
I IR 1 — BRI TR IR AT B SRR 23 AT 1 LR o 204K, e LR R TR
TS M AR R . MAT SRR R T, B B A T 1
o, b TR, AR B ARRES RSN, mLARg AL
BEEA (2005) W45 T X —RHHM E PR TR LR LA m: D mil
PRER W A8 AL i S R HAK 7730 Lloyd and Fastie (2002) ML JR AIbk L 1
R B A T R T TG, 20 At TR bRk ek S A 2R AR PR Wi
Kullman (1988) #Rix} 17 #EAN 42 I I AR Z o U I ma BEAB o 3D ey bk et
P SR S AWIST . Slatyer and Noble (1992) HF5Y 1w Lk £ FIAK £ ot i ity
RIBNATE B0, I WG MR PRIk A0 TR 5 s ) K R A AR
Hlo Korner (1998) \y: Bk RS EARER i B REZE B S B S OB IR AL i R
HI30°NEAIEAN20°S  LLRg AR Ek e B BEL T i B R, MIAE30°N A120°8 22 [k
L LA R AR . X — I SO AR A — STV IE B WA 5 I AARZRHIE ST,
WSO SR HT s AT G REERGISHERA T BN AR . B
AT, REAREHT (6B h R BLAEARZR I B L SRR E A BR AL P R E R, RS
AR IR E O IR RN, AR B T SR 2 ST, R AR
KIS BRIB M IR 34 I B 22 At b A IR B B THIRTE RS, (BE 2 B 2k I iy
TR R T B0 I S AR 178 A T R AR R SR R 1 — AR I 1) S 5 A
U] FRARARER IO TE R, T AR A AE B A A2 R I, 1 W A7 A 2 100 S AR R BRI



O LR

P DS S AR A TR AR AL 1) B P £
1.3 RMRET Bt

U KT S O AW T 3T T4, (ST AR Ak & 2R
Foft 2K A0 1 PRI IR 7 DL S B 0 A TR A A SR LB Ay 1 I B e A T 4
(Hoch et al. 2002). XL HERPIRRHZMIER 1 (BFEERRE. -
gam . REERAE. BEEFR . KUJ. BE L KK, R, TSN AT,
SRR ESOR B 45 5 Bl T AR PR 110 T 1S DA S B T 1) A A R AE K (WM. (Kdrmer
1998). T m iR B 2%, EFr A7 ARG ML 2 A 54715 1 2 il
(Hattenschwiler et al. 2002, $#H T A i, Komer (1999) BRI R Ak
2B B A AR LA T T BRI, T A R vk VR R R R T 5
AR 580G U B A AR AR S oA 80, SRR, ek,
Je AT B 2 e LI 2 AR D IR Al A, R A2 miR UM R AR R IR A7 s
B2 R, MR PIRh AR . PR E « P AL 5 B TR e X Ao (1) R 5 4% A4
M52 B BRAZBE, FEATERE 8 BRBEA AT T IR AR R o A B TR (R B Wik 5
P9 Ta) P B A W AL A A K R BB AT 5K, ITTARZe X TR AR O S il A K
(KA AR PR, ARE AR RAIR ) A=K 2 - IR FR ) T A A 208 i B o
(Rt BEAE AL R, BRI T R At B 3 2 R A, ARG A A FH R BT 7
Yy 2, BIE TR A K . Komer (1998) 45 4Bk AN X k2
TR A A PR A R B F b e SR AR T ) B R 2 AR A 8
HEZEEAAT 10°C HAFIA R FR R AR Z AL B, AFX —FH S R Al A&
FHT- 40~70°F£EFZ 5 I (Korner 1998). Jobbagy and Jackson (2000) Xf4:ik
115 AR PR O EFERGEHLX) HEAT T et # b RILEE e AL 1R 4
S $87 S R Z N i AR T A R AR AR 79% IR AR 2R IRE B v FE AR A, (ELZRIE 5T
RO T L BB 24 . Korner (1998) WFSTIA N A K ZR () - HEARIR 5% vl fig
JEMRE IR T BT IR X, FEIR RAK (RRARS R 7
T E3~10C (8 5~7°C) NI 1hig g, R 2 BRI A0 2325 5)
e 30 A7 A [ SR AL AEGHR B, 17 LR 28 A K [ Bl ol 2405 A A b 38 43 P AR
KF (Korner 1998, 1999, 2003a, 2003b). filT, Kérner and Paulsen (2004) it




O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

T 1996—2003 M0 45k (LZh 68°~FF4li 42°) 46 ANAN R M X PR 2k 1158
TS UL 2P 7R, AT N ARG R 10em [19°F- 24 1338 B 4
6.7+0.8°C, JFRIH 3.2°C 1 -t U B R I 8 A TR AT Uk AR KRN TR 15
AR . BRI, AR R ) T AR i S AR T BB DIAH G, 1 B e R A
ZIE ) R, AR BRI AR B A A S Ao AHR, AR BRI T
W (source limit) 3B &BRE] THKII AL Csink limit) IAEIBEH —NH— M4
W, W BR EATSRAEAEAR R Ao AR B P CL (9 5 M) >4 B = BEAF AT B AR e . —
Tt B2 B (Source limit)fiiil. —J7 M, HTAARM KR, AR EH
PR TSP R TR T SRS, B EURE A R b 5058 T B AR 343 1 L
Bl N . (Kramer and Kozlowski 1979). 53— 7T, fEMRZE TGRS AL
PG 0% I, BT LARE IR AR (¥ 15 1 B ] 2 AN e P48 P e 30 e 45
Ko T HBEE R, COL MRIERRAR, I R A & VE HIRBCR I B R F%,
TN E ARG B PR AR A A AR R T B R RS, A A R AR A T AR R AR S A1 T
(Tranquillini 1979 ), X EEH A & iR 1 X Te ARFEYPR Ab T B LR IR A
BRI T A ROV A B — FEAOA A ARG T B S AR AR DAL gk
ISR A o E SRR IESE 2R 2> (Sveinbjornsson 2000) . FIF5T 2 B3 T 87 -1
FAE S Atk 2 b (0 B e A S R P IR AN BRURK, AN TR 2 ) 1 B R s
BRI BZESR (Grace et al. 2002). 75— MBI EEKZ M. Komer
S RN B i 9T 45 AR W, e e 2 AR ST ATk IE
WIDEEAER, w4 LR A A B ) Can B s (i = A
FEAPFIRAE) M e LU AR A Y 12 B F T AN S “BR LR g HR AR A ] %
PR & B R D (Korner 2003), 1t WA MR IRESR 20 w40 12 & 1
RS AR o T DUAAT TN A A o v v bt DX AR 74 K 190 B AN S b ol & A FH
B BRI BRI, 0 A F = 1 43 B e D IR BRI Csink Limit), {8A4Y)
2R I T v ) e A B A A R D A A R ) 43 B R R K2 B R

(HE, Sl JUAF R B FOE IS COp MR EESE IS I IT T COL AR A A K
DR, AR AZ R ULEE TR Bk, IR s BRAR BB AL T ORI
Hattenschwiler et al. (2002) Wf5% T Larix deciduas F Pinus uncinata Wi PREH
FE COp WREESEINACAE N I AE K BO G Rr I, a5 RE Wt GiAgn, <AL
RN R, ARSI RS IR RN . AR RS, PN R AL

8



B B

B A e AL S R, ABh P2 B i AR B X A A AR R . 10 Zotz et al
(2005) gR&LAE L BB SUEERL EREAT TIESE = ISR, CO M mim T
Jea ERBESs, RN T ARG BRSPS, AR PR R A AR I
AN FE A ARG N, M SRR B AT IR LT 58—
SIS, X A IR BB R . R Pinus uncinata ANFAETR
B, {HE Larix deciduas 1RAT W] BEAFAERK R Zotz et al (2005) HIWTFTILH,
X TR AFAERR IR BILEE, w BEAAAEM ) 220, 1 HL =4 ROF o B & 75 REAUER
RS A BRI 0 (%) e M A GO 7 23— 2T

1.4 HARREY A B AES AT

—. eERH

Korner (1999) WFFEEN], iy LLAe M 5 A7 i IR PR 5RO 5 % T AN EU A
PO DRI, 17 H AT TR 0 [ e 0o LU AR g PR DX A A I B v o RV AE
R LI R CO IR /D, AR =i AR M XA ) L= 1) CO, [RIAKRE
KABPAME T COy WRIEMITIE, Al LAE K A R RS AR = (KT L
X T e — 7 100 5 e LA DR A0 P J R D%, — 5 TR W 2RI 5 A v R
DX, T E I E BN B 56 AT R 2 B 2 o B 1A 48 i
B e R e BRI L M AR e LR RIS AR LR ) CO WREE N B
e ERCE (Korner 1999). U iy X AR ARAE, (H & i) busEse o,
b BOE I FOG A IR FUELE A, mnLia o A A IR I Bk AN s, 72
KRB YA AR R - ZE RGN 1 o AR 2R E4 ZO AR X A ) 1
AR T T KBNS, 45 RE AP E KT, S Rt &
BRI A Z B A KRR B2 2% R % (James er al. 1994). X5 C;
FEAGAAE DR B R N A O, I I TR AR E IR B 20°C 22 AP
R dse i, MHAEER RS 10°C DG G HURA TS PR, MRS ST
TREFIR A BN AR (Komer 1999). Korner (1999) A LAT 5 ASJ7 il
e LRI AN EBUE : — e LA AT O e A i T Ol & @ i
MR R B ORFE— 20, UL CREF BB ISOIR s = o B ma B th 2 58, AR
JE— 8 AR B A 6 VE I T DAOR R KOG A% 1) 95%: = Sl G & A



O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

PR P B O BRI AR AT A AR AR A, 221 HEAIG I a3 T AR AR, 1O 7 A b
pd i FE AR s DY Rt R T A B o 4 IR R B R AR R s T il
XA AR L LL I (3 C~-6"C) ALt Jola A . G T E1E
FH IR BRI F 2 A IEAS R IO 0 R, S B s B 28 ek BRI AT 7 ()
WIHE 2002 o e LLABE )G AR HIR 6 R TR AR A LE AT ABUR, X R B SRAH Le A
A5 s GRS SRR S (KSrmer 1999),  FRABIDE A VE T L BN 28 13l
R et G 6 BRI R MGE NSRBI IA BT A A 1K) 500 1 molm™s™ F1)3 i
>2000 1 molm™s™ (Kérner and Diemer 1987 52347 ¥ 1 LLAE A6 Hh A e IS AL
YEHRIEF] 3000 1 molm?s™ I, ARG ELRE: 1TV, 1 HBAT A BB AT
(Korner and Diemer 1987). & LLARHIX m )t R BE 1) 7840 1 fig 0 ) LS B A
Yoz it SRR AR
= ERRR

e LA B AR (K T i, AR KR 3 N B, JUIDR AR . 1R K
TR w1 VR DX R IR T B 4, (R0 1) A K ) D e /N T e AR A 1)
WRRE o FEMRZ X TR A A IR AR I A B S, 1T HARAERR R 25 57 o B85 Rl AR,
P B S A AN T B, A% = RIS R R 4170m 2] 4370m B4 FRAGE S
HE BR KA EIRARTLSS, MBS B3, M HA2ARZe ki, Wk
e A I oK, /e BT B L B0l 2me BRI e Ll X TR AR A K 11

R, AR IR AR K I N TENLBE S [ TR S8 SR M0k B T
AR BN RN, JCHORAE my I ARZe s D, PR T AR il JLAE CO,
VR JSE RGN SRR T 0 BREA AL KR 500 W] BE A7 7Bk 32 B (Hattenschwiler et al.
2002, Zotz et al. 2005) . {H &, Korner XM/ N BT ITEE RK B, w9
T A AR T 5 CINA AT AT IE W BROGSIER, w5 i A7 15 = &
Ry Can EAT R A A G A RIS DT LA A A Tk
RLF T AR BRUVER i R rl v e b & & LU AR i) i) (Korner
2003)
=\ FEAFARER

e PR H DX AR A AR K52 R it DS RT3 L 43R 4 k45 R B 1, ARl 2
HIBER, 3G TR 7 B A RERS 52 AR L (1) 70 Al (Malanson and Butler 1994).
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B B

Malanson and Butler (1994) VE— M4 BEEEATE T T 3EFR 40 WA 25 iy 73 A1
DR, IR AR & Iy, Bk B REE S (N, P KD B
B R T B 3, PR AEAT LEIG D0 N H I & sy 149897 4> i . Malanson and
Butler (1994) A%y, HiE EAREN S ATTE L IETR I B m IS o BTy 0 b bk 2%
HE AR LR RS EIRME (Schulze er al. 1994), - H.w il (A HERE By SR 2R b b
Z AR (Sveinbjornsson ef al. 1995). %34k, Timoney (1995) 57 kML INE
RARHARER 9377 5 BT R 3T G, HE bR 2 A6 1) 1 o) B35 3% SR IK M R g o =i
o MRE AT S H R S TR BRI G R, 5 — i T R AESR
Sy E AR I, FEYIRE A0 I AR OCRE il ,  RAEA) E T IR AL
Ry s, (%5 R BRI i 52 BHL IR AR 23 R0 /1 97 20 BRI (Schulze er al.
1994, Sveinbjornsson et al. 1995). LLll, FZ2A5 UL T ik i DX A i - 3k
PR TR AR IS PE, AR RIS IR SZ B, i AR AR Ze it X 13857 4345
R, A TR 25% 0, WA REIE YN AK (Schulze ef al. 1994,
Sveinbjornsson ef al. 1995).
V0. 7K ARG

B (2005) REEATANMWFITEE AL, DRV i Ll bR b X 78 K 2 401
DUR 2 KRG, SRS, (HE L RIAE A B EIEAREOK . Joh g LU LA J7 TH 1 iR
PRl —. i DX T R PR, PRI Z8 AR X A )
PN TR AN RAR, AT AR 7 2K o VAR A BV RS = BE L
SR RE T TR, RS T R0 K 43 (R, (R A I a6 A I8 o4
WK 2T AT, BRI A 25 5% k7K 93 (Tranquillini 1979, Korner 1999, i
SRARE 200500 = I B R BEAE VR 0 R I R I, i HL A S R R RO
XARF (Kérner 1999), {HJE Korner (1999) 7ERIEH tufal g, R i
JEAR T, AR TR A AR FRARAE RSO 43, TSR ) A Ak T 7K o3z (RS
HLTE 1903 4, Schimper 1% 5 750 FEAR e (ER BEARAIR R 3 40 A 1 A KA
YA A BEAEE A BT 5 (Schimper 1903). TR FAR K G PE,  3E T FRRAR
T IK T3 VA S K o3 25 - SRR ) 0k 9 AR BT, S 350 LR et X TR AR Rl Ay
A REAELEIK AT IE (James e al.1994), FEA33) T KEMITUES (Korner 1998,
Sveinbjérsoon 2000, Grace et al. 2002).
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

1.4 ZE LM T

LTI AR HRE R /D o ST 9T 290 SRtk B BRI 454 5
FURINIOCR, AR AR IR KA GBGH RIS 1999), 23 4k
(1983) MMEHE 505K ZR 10 f B BEHUBIEIT T AR AR L SRS A7 0 A TR &,
€ T AR L BRAE S AR bR ARk R . 2R3 (1985) MAHAR S
TR AR I N T AR ERREURIN 7 (it R BiAh, IERFE (1996)
i B ARy 0 B T B, R 2RI R i XA L b gy il 82 BUR IR U A AL 2 A T
T HBAMEOT RGN FEA 21 Lok, EA s ARSI T IS 1R
(RIdh g, B P M A Bl S L B AURASA L IR SR R 5 1T 2355 (2002)
I3 AT A1 AL P R RE AR A A R 3 — L DX R AR A AR AL R Wi Y. o 5K 2545 (2004)
iz FIA A e HERT T 58 ARSI IX. 3600 R RSN . A1 R ALANZE L
e (20000 FRIT T ARE MRS ARAKEA) ) i th e AR SRR o AEAREAR D) A
A& FREARAS T, X HESE (2002) 3 He 2R AR A my (AR TR AR A AF
RSB 7 O R AT THIBWET . AREREHSE (2001) WF5T T KA s il
PRETIAE ) LS RFAE . AEMRE SOOI, X ESE (20030 70 1 163 s lhiAR
2he A BTSSR OUL PR 22 S L 5 I SIS A 1 JSE A2 e LW e S A AR A AR v 25 18] 2 S ok
SEMER R AEEETTIM, BORFEAE (2003) 73 A HIARE R BERE AT K E
sy iR 2530 300 A2 MR EE A IR AN AR, ARzl AR 1k
A REEAT XM A Bk 3o R L, R DX ) R B R A AT S 8
ez, MR AT ZE i LR S A A A B AR S 2R A S AU 2 RO R/ A B T
SEHER R AR e LR AR AR A AL BRI o

FoT RERRMURFEAREENERESFFRINA

R A B AR S S RGBS N B SRV A S TS 2 TR () 5 3R, RO 1)
FREAS L AR R AR P e o N5 A BRI PR B B U, DG K
CO, LS B FNTRI) o R BR A R AR T ) V2 I B AR (R A S, Ay
M) 1 FE IR WA ) B IR 22 TR R AH B oG AR B4 T RT SR 4 n AN T B . AR A
B 7 AR (°c. ey Pe. Be. Moy Be. o), Hih e B £
SEPEIR), 2P BT O R - B R AR e YRR 2% . B A Z A W]

12



B B

BT ZE 0, ARV 2B A2 K AR A 2 A v R oo B A )
ANYZESR, SBCT YR NSRRI 3w A E AR R 22 R, RLRAT
S EAL 2318 (Isotope fractionation) (Melander and Saunders 1980). Wit 4)
R g O IR AL 2R 302 COL WU FE P K [RI 67 324018, R e CO, T
W EE CRAL A TR I8 8O AL Fd 7 OB RN, BRI ZE R
[l 4k CO IRt R Hh 2 o7 S BRI AR IR 3% 1°C, AT T B0 & P M i R ik
A7 2 BB T4 G €Oy Y, PC Ay 99%, 1 PC 41 1%)
(Melander and Saunders 1980). I Ifi A & Bk [ 47 38 70 1 S ILAERE ) AR PRAEZS
b N A — RS

2.1 AR ERR R AL R 7018 R HE R R R

FLAE 1939 4F, Neir and Gulbransen (1939) ¥ YR BRI/ A VE I RLFE
WA SR BRI R R 36 (PO, AR AR P4 PC & i BAG T KR
KA VR SRR, W BT R R PC 4 1A W B AN ],
Cy fiY) 5 CAM R C dadnt C ATARSN LL B FS IHE% 77, i 45 Cu ki
A1 CAM R §°C it o WL Cs KA 8"°C {HAE-34%0~-22%0 2 [H], P31
N-27%0, 1 Cyq R 8°C {HAT-17%0~-11%02 [7] (Bender 1971, Smith and
Epstein 1971), 1l CAM ¥/ T =& 2 ), FEZJRAK T R B sy 1
SORBACHHEY) . th TR e A E ALY 81°C (M BB TR, ek
R (07 38 B R BN S B A& I AT Bre —, BT T K E Mo

(Waller and Lewis 1979, Ehleringer et al. 1987, MAi75%4F 1995, #MSIESE 1993,
FEEREAE 1998)0 X1 Cs RHARUL, G H IR b RS e Bk R A7 3% 43188 - I
YT COL IIH BOHBE (M 1 A SR ) LA KAZ BB 1,5- — B R 1 A i
TR s T X, AT R P P A A [ 2 SR AR ISR 2B 2 C O, (RO S VEF =1
[¥) PC Fr ARG o KT FBR RN 36 (K 20 1 5 i e 4V A ot CO, 1A 7 SR A
A BN, MY R 8°C MR T A COp TRALLS Z M [T . CO,
i SRANELS 2 (8] (BN AP R W 8 COo MREE, DT 56 MR Bl )37 3% 431 o
CO, T R S WA B e I HIBRES, 1T CO, (45 I At 1 <AL S AR 1k
AL ARG, MPDCER I, X COy IR, s
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

COL WRIEFFAK, 20t BC Mo R, WeE =1 8°C (T w, S W BEAR.
WRAEAHD)A RN IR FEA BRI BT, AL SRR, H R 9 CO, e
s % PC M, Jea e 8°C (R, FFFIRASALS PR, Wk
ErIN 8C TR R Rt 1 F R R 82 B4 FLEABE R T, 4
GRS I R WA A (AL B DA e T R A Bk R 7 3 A
SR GV PR Bk (R 38 43 TR 1) PR 35 - 2045« ¥ (Edwardss et al. 2000,
Guillemette and Stephen 2001), TIERSE (Sun er al. 1996), KT CO WAL K
X CO, [Af7 Z Hfl (Marshall and Zhang 1994, Marshall and Monserud 1996), %
W& (Zimmermann and Ehleringer 1990, Le Roux ef al. 2001) LA +3E3:4)
(Francey and Farquhar 1982) 45 JL/AN 51 .

LR R A2 5 AR )RS Bk IR 38 /0 TR T — N R R BRI
T 05 PR S R A T R o AR R 2 ORI TR B S A 81C (I K R
(Sparks and Ehleringer 1997, Cordell et al. 1998). %34k, ¥ 8"°C 1 BEW 0 iR
FERAR A, FEIXTT I, FHEFATURE RSO Sl 7RI LR, — HERE
8'°C 1l 5 )& 2 1] () 5% % (Francey and Farquhar 1982, Francey and Hubick 1988 ).
TN RIS 2 W 8 2 S0 o Y A 5 TR K S A A vt (R e ) 35 23008, — 5T
W 8 T LSS A R ) (1 AL B, 7E— S Y B Y, AR AT LA Al AL 5 B R,
FEARAG AL, AL A R T CO, BNk A, AR 81C
ET s 7T, BB IR 35 2 VR T S 2 B L v] LU SR
RIAEAAE B EPE, T sEm RS E- AR, MREm CO, M7 K.
S AR FH v R s e X N R R R ALy (PEPCase) AL IBE 1,5- B 1R B2 AL il
(RuBPCase) X K H COy FEAM v N 1 i BAT thoe PEAE T . ARIRAE &
B P ROS PEFRAR, A A e A1 COL Tk FRE, 358 15+ PC iR, i
Rk 8°C (Tt M. AHRAEm LA T s Al B A T g RE
(R0 B, 1 Loy L AR 0T il o AN BB, ARG T I i Bl R A7 25 PR e S A
THEI . 5346, R T RS T R LSRR, T R MR 1A 7K A R 1T 5
MREDDCEVER, XAEm X, JUH R REA SR 2 —ANJr .

MRS R T LG R R LI AL U L X S
JUA S o 3 Ah -3 P RT LIS IR K A R R, DR AR AR AS BT BE VKR
(¥ -3 SR A K 43 o T A3 T DA SR AR AR R K a3 e 5 A IR
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B B

MR AL T B e B e ST, Seme =i 81°C {H.

KR CO,p RIS ] KA, CO, BRI HA: CO, SEAEY A IR, 2
A EHI I BN 5o COLIRIEARARNT, BEAM: 7 N ERR) CO, Jisb, FEAK T
R I COL R, DRI AR P At i R C O, R A A T SR AN B 43 e 1)
FIfrZ (PO, Mt f §VC fEik. Siah, RMEAMFN CORE TR, A
RIS COL 1) 8"°C AR ARANIAI K, DA I R A v [ s 1A R 5k T 7 38 L A
WAAHIF (Farquhar ef al. 1989). K’ CO, V-3 8"°C 1l 1-7.8%0, MEBRIARE
[f] CO, 11 §°C fH 4-22.4%0, A RSB LK) CO, 11 87°C 1/ 1-28%0 ~
-32%02 [i] (Farquhar ef al. 1989). +IEMPIIECK CO, (1) 8C (KL 4-19%0
(Vogel 1978). fREHR, FHYDEAER R CO, ¥ 8C 2 i DL
IR E B IRI A ALK T R =AY COy TR 35 LU AR IR AN [ B
PR A T B 2 Bk ) (87 AT AN [ R g 2 1R) PR AR A, DR R g 22 R SR ml VR ML
AL 8°C fEH I CO ¥ HE: FEUE R Rt i 8 C At 5. (HE, Jeile KA (¥
DR B, AR AR E<2.S (s R v B T 1 oK L B AP ARG, 3
PR A [ COp A6 et JZ2 I 8 C {E KI5 v] LA 2B AT (Buchmann et al. 2002).

RGP ARBL = s e [ 7 B BARAC 2L B A 25 2 v 132 1A FH sl 2 P SR
TR 7MDK 7K 0 R85 Jir NI FE R WA WUE S48 81°C {HIEHE G
(Farquhar et al. 1989, O’leary 1988), K2y WUE = (Pa-Pi) /1.6AW, HHAW
S 5 AR ZRRIREE 2, 1.6 2L /K ZEVRIN T B 55 CO, 3B 1 4t
BB dORaERIAN BRI . 8 Cplant = 8"°Cair-a- (b-a) Pi/Pa, #inA|
733). 8"Cplant = 5"Cair-a - (b-a) (1-1.6AWXWUE/Pa), Mi%zal W] &1
A WUE SHan R (1 8°C {8 2 B0 5 1 IEAHSEICR o RBEIKARDL, A0 FE
AT DA R B 5 s A A (AL BE IS R IE) CO, it
IAINITE A TR SSRel AR VA 7 O Een e N1 w13 N N V= 7] (7 S E R
AL TR, I PIERIN COL IR EERRA, MRS X °C i, SE0tE™
W) 8°C T

DGREERAE : DGR IR AT Be e MR B (KA R B DL RO AR R R AL
BRI o T LA 7 THI S LR A0 v AR R Bk IR 47 35 7318 - Le Roux et al. (2001)
R IR YRR IR F 580 CO 3R EE (G TR, Mifi PG F (1 §1°C
LA . VPRI R BB Ci 5 8C AT AR AT IR 5 58 AT SR AR (7] 107 3%
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

FEAE 5 0 IR 5 1R 90 2R o (H2 KR ORI TR IR T AR E I ot & & 1l
wH L (PPFD) AF4LEF, Ci 2 A2E6H (Leuning 1995). Le Roux et al. (2001)
BT Ci 5ICHEBREEZ R OC R, R Ci B G R Rk A, RARAT] 1 25
RAAGEIET AL PR, S HIA MR I EOGRUKP X
Ci, HEfixt 8°C [EMEMILE ARG R AAALIE N RAREIE . 514, Jaftom
JEE R LA I 53 000 ' 5 A T 1R PR TR S e i o G, s s A 4R
CO, T KT 5 B ()17 38 73 e s b, R rT RESZ R iy (g it tR 5 i e
HEPDEERES), R MM E N, B RS RR L, R, tan
FEI TR, AT TRIRR IR AL & i AR B3 AP 4L (Niinemets er al. 2004a, b,
Rozendaal er al. 2006), MIMAEAEGEZM OGS REIA T ZESR, Mt E
B I 25308 o ARRE D45 (1995) HRGE T ' M i B 5 He A s Bk [ 7 32 4 Jse 14 5K
R, BEECHESRERTS, HHH 8C (LB WiP4EIY . Ehleringer ef al. (1986) 1
AR Z i §1C ARG 5 AR 11 B A 7] 7 SO IRUKOT 10 22 AT B
(IG5 o F 6 RO B R A Bk IR 7 35 40 VR K S e A — 58 (R T, R 996119
ZAFF, 8°C (HBHME, BEE GG, 5°C (/LB M N, (HZ 68
JEIE BRI OGRS 5O R AN KR W AR A, T
PATERDEIRACAE T, 81°C {5 e B 8 BeAT AR AP I M G R

TIEFE Sy IR R R R E B R A 3R AR BE AN
W B BRI BOGEERIB IR T, 1 HA . B S SIS DA
W R C S AER, T w06 S VE IR AL 3R 4018 . 7E e Tu
N, DIEEFR RS RS, JGEEEEE, RN COy WRELREIG, BRlFIA =
53 URB#A% (Francey and Farquhar 1982). O’Leary (1981) KILEHHBIGAE N P 7
SEFREE AR KN 813C (W] W & . Ehleringer er al. (1986) R IL/E#l 2=/
P55 5 81C EATIRIF M IEADEK R

2.2 TR A REAREAE Y E B AR E T RN

FEREY AR A R T AR B A AR R R 2 S AR A (e [ 6 3% 2R
S R FA Tt vl AR AR R A7 38 A Bl N AR A SO M 0 AR A 2 2 v th T
FELP el S B[R] o7 2% Al S IR 17 R AEL ) A A U0 1) 1) 22 b A B AR 2R S R A 1R 2 2
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O LR

J2, i AR F R DAL 55 A e« BBOIR BA B 7K 23~ FA8 O 3 AT DRI A AR A 2 i
£ (Dawson et al. 2002), FLERYIK 73 F % (WUE) (Henderson et al. 1998,
a4 e )s (Virgona and Farquhar 1996), L3 /% (Ehleringer et al. 1990), fH%)
(1)=& (Poorter and Farquhar 1994), tH4)(%) T fig & (Brooks et al. 1997, Flanagan
et al. 1997) FesE i[RI 22 AE A4 A F A 22 b (10 7 ) 25 A5 LR LA 7 1
—. SUC S A EHBRAN A5

FsE R R (8VC 8% P/ RIEYE AR R AR A T B
2 — (Bender 1971, Smith and Epstein 1971). BT A F&AE G A 1E B
PN P C AT AR S SR, AN A7 R A9 2 2 e i )37 3% 4 ke Ay 2 o'
HAE BRI T Bl Co MM I CAM KWL Cs Haixt PC A8 Hw 77,
MIIAETF Co ki) e CAM MIWIE Cs WA KIMISC . S Cy fliMITIsC
{EA T-17%0~-11%02 18], UFIIE LI H-13%o. 17 Cs AHA 118" C {HLE-34%0~ -25%o
Z 1], BOPFMEL H-27%0. CAM AN T —FH 2 10], {H CAM #Y) EEE 4
KT T Ry sk v 54 (Bender 1971, Smith and Epstin 1971),

—. IBEYKIKOFABE (WUE)

Rk 58 B TP 07 32 B AR AT AR ) A0 B AR 252 v e )32 1) I FH gt 2 SR SR 7
TR 53 R0 o RHAD K 53 ) e B e 7 A A0 il g ik frh €O, MRS
TRAT B Z AN VA DG 3R 5 A% B 7K 43 R A3 000 5 2 P AR A 48 1 5 v Dl
BN ZE NG e, AR IR T VAN S bk (8] 1) 7K 23 R A%, i HLRBE A P15 4%
P ASAT R IR A, AN B S AR A0 31 (1 7K 43 ) SR o 11 BG8 Bk [ o7 35
RGNS LK, TR S 17K 73 1 SR B it —Fi AT 2 A 35 F b
J7ik e SRS, — T R 36 LU A e 0% S s K Y Cln— AN AE K2
RI7K o FIRRCR, HATIREF AR s S5 — 51, 1205k FUR i i KA R AT i
AT AE , 52 I RIS R AN, i FRE SRR TS, R 38 LU EA PR
AR, IR SR 7 A, 1T Hoe] ARG 847 B 20K . Farquhar ef al. (1989)
WA A R % [ 57 2% % FH 7K 29 R FH R RS IR B LRt 5 WUE (136 DA 78
HEALM Ci/Ca. WIFTHTER, 6°C {5 WUE /£ L F 55 %&: 8" Cplant = 8"Cair -
a- (b-a)(1-1.6AWXWUE/Pa), MiZ= nl W &1 WUE SHa#nt (¥ §°C
{H I I IE A DG OC AR o mT DU Ik A T TR A7 38 58 S A5 R i
8" Coptane 18, T W RN SR K SR o i FLCR IR SE 30 5 R W, i
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

8 Cprane WK WUE 5 52F5MI431) WUE JLPIEW B2 (Farquhar er al
1982), 8°C HAR LUK HIBIHY WUE (04728 F-B. CA7 KEWFITIRIE T
Yks e B IR 20 i 7K 23 I 3% 22 18] 11 95 & (Henderson et al. 1998, Kloeppel et
al. 1998, FhAIESE 1993, P B 5845 2001, FMRLIE 2006).
=. 8"c 5 hrea
THY)Y)RERE (Plant functional groups) & FEATAM IR A8 A A H AL [F] BR

PR A B A 25 2 0 R () — 2R A4, € A A A A 5 A5 2 TR A A F ) e
A B AR (Shugart 1997) . X T ZhBEREMHT (K> T 52 H bRt J2: 79
DNAELAONS A SR IR B A AR TR AL Y., 15 AS W SRS B B A A TR B AR
K. (Dyer et al. 2001, Chen et al. 2005). [ FHAEMAE IS BRI 4 (R AE A Th e 204 1) 4=

BFITECAM) 2 G, RO ARG AR 5 00, i HLs A 11X 74 3K
(KR EB AW EEZ (Chapin 1993, Box 1995). 1M H., M4 A% AR 7 Thfie e nl LA
AR A ERAS AT R BT 75 (1) — S 2R B A= 252245 B (Chapin 1993). 7EREAE S
WG, FEE Bk R R BRI S NI — DR 2SR RG DRl 2 FEE X
Iy AR T RERERI D Fh R AL — AN EAR 3812 (Garten and Taylor 1992, Brooks et al.
1997). Buchmann et al. (1996) N "N driciE SEfE— A w2, BRI =42
R Z IR AR DR TR N AT 565 ), RERFIK, FoREAR, BT A
[ A BT AN AR B 8454« Ehleringer and Cooper (1988) F1J ] [ 7 2 W57
I, AR 5 i IAE A K 53 IR AR AT AN, e 2 A IR R A 7K 43 ) 0% A T
KA IR . Lietal. (2006) 3@t WF 57 = MR X IR AAE Y 8°C ER I,
ZAEA RN — AR A B §°C H, R AR B H ATk
MR Chen er al. (2005) BFFE T N 52 MU A [FJREVR 2 P AR 6 AL 1)
FsE IR, SR AR I, AFAETE B [0 & % 7. Chen et al. (2005) #f
FONK, DMETERIRIAN AR Th REREAME n] DUT T8 BIX o0 Ae g, 1 HAlmr L
REHAAF AR (K FIHRCE) 2R, UESE AR n] il F4iA il
e ce2 IS Se N VWS Qa S/ B2 LB il 3 A E T 25 8 3 N1 P
PO, 8°C 5 ABRuR P4

RE R SRS MAR AR BRI e F7 03 WL, ARV B R AL E sl
PUFAEIA R TaA Y o BOE R m B (S C N AEAESSRE RN

Yy JFfG ¥4 (Flanagan and Ehleringer 1991, 1998) DL A 4= ERkE5V-17 (Tans et al. 1993,

18



B B

Battle et al. 2000, Yi et al. 20060 WFFE NN & — DB AR TE bR . 7E 4Bk
PRI, T E AT R 7R SR BT R T DTHR (Francey et
al. 1995, BRi3E 20020, PLAANFEAZSRGEHIBIE LIC R R )E (Battle et al.
2000, Yi et al. 20060, {EA7RERY), BrIFIALZR AT HIRIESGT CO, fEMEY) . TR
SN (Flanagan and Ehleringer 1991, 1998). Yi e al. (2006) it 241k
Ak FE R A A5 R AR A A S KR COy MRS BRI 2R AL, 5 H R )
ERRGE COy MBI MIAE BRI T8 e AN S R ITFIAEF) CO,
[ 2% 20 T AT AR 2 2R e OBk (R 35 401 T A 25 28 e Im) 7 38 43 1R 2 VP AL
ER RGN BRI — AN AEH A 20 LR (Pataki ef al. 2002).
. 8°C HHhm g

Bl DI R I, e B IR 3 4L nT LA SR ST b 18] 1) 5 4 55 R
(Dawson et al. 2002). Polley et al. (1992) i 7 M Al AHR B 5 - F Kk [F) 47 2%
OfE, BIFIE T WA G REARILAE VA I SE 4+ X 2R . Williams er al. (1991) M [F] 67
TN T LA R AR 55 455 R o Rice et al. (1993) FI AR i Bk [ 47 %
FARFRIRTRA  BATL AR T3 v AN [RRE 490 (4 7K 9 TR0 FH 28023 K gt R AL 1 5 4 A L
Hille T34k, HMFEREELAT AR IR 5 (MBS e 5 R AR Ak, TR
AN RE D0 A0 SRR R Y LA SRR 1K) 56 4 & AN R IR - Archer (1995) 3iid 434
HATY R J T MRS 5 5k [ 7 25 LU B 8 R B, 100-200 41 LLRT ¥ £ Cy AR o 4
FEFMFIHOEH CHERTTE, EROLHE AR S T30 AR A HHEM
KA, T H T AN E PRI AR TR 50 41 B R AR TG NE 5 5640 ), ek
SE R LR
7~ 8C SR

FELP IR RS 58 B IR 3 AL 5 it v IR T 288 B2 A e ik L R] S e T 0
R IR B 3% 5 R AR A A B A 2 R S SR R B (3G N o PR
ST i AR, TSR (I B e TR I S K A R AT ORI SR . BT
8C A AR R I 1R A5 A FE DL K 3R PR L 2 T4 B IR G R A
§C (H S PEIR Z A RGP (AT I ME o Jedl JLAE, RS e B [R5 36 LU A 5 -k
W CEZARE A, maL BEea, AILFES) ZKRMPFRI TR
Rk . KE 02 B RuBP W, 438 DU @ e 5 e A A G AR
WA TG AAFAE, XU, 4k 23 DL AR S5 S5 R D i R G R
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

S 5 AR 2 ) O R 2 W3 A7 72 ) (Field and Mooney 1986). T i 4
KM NADP I ATP (M CH, WEHZ NG 3 S BUE i 7ot G
fik (Ciereszko er al. 2002). %, B &S FOGERE N, f2m T s
TEFIXS CO, (MoK, AT PYEIK) CO, S BRAR, TR PC M Ipsat, ety
TER P8 C (T . LU T AR 8°C (H KM R IAE AN Iy T — LB i1
RS AR I P S E RS I, AT 0 77 K<, COp HE I B IS I FE 25 (CO, iz ¥irfh
B, AR Fr A FRE) CO, & R, B R CO, 73 IS ZE B
%, WASH BC W, A 8RC R, . BRERH R A
ST AR E SRR BT TR I B i, DRIk T Avg L3, s 7 e i
Sy, TSy 8°C {5 TF# (Hultine and Marshall 2000). §"°C £ % &2 4L
RN A5 BE (AR /NS g (K1, 9 ALK AZ 456 FH TR COo 41 P38 14 43
JE (Pi) #3E (Farquhar et al. 1982). 4R SRR I (8 E 2L S FBERD
Ci (M FPRRIR CO S i) 4%, AR AR & B IR 35 LU 81°C H &7t
. Korner et al. (1988) WFFURMWI, Fiff M (117 8°C 5wk b x 2
[ EHEZMBC R . Friend and Woodward (1990) F1 Vitousek ef al. (1990) L85
BEIXFIARE, I LA B TE1G A, COp A Fy A EREE A I (420K, CO,
Pz B 581 C BT e TR

=T REREREMEREEBESFHRRR

TR P i [ A7 B2 B A T R AR P A 2 2P AR e, 4 Tt
{4 90 AR, (BN H AT AL, [ A TRP IR A7 2 L E I O SIS TR
TSR WA TT 1988, BXOLIBFIRLES 1990, PMVAIESE 1993, ARAE J7 55
1995, BEALUEFI L 1997, ™ EZE4E 1998, J5ii%E 2000, (@4 2002, &
HEEE 2001, PARUIESE 2006), (o1 FB X, FE P A L BEIEN U
St BRI 2 AR B A SE AT T ARE AT, EE NN R T — RS
SCEL SRR TR AR (Wang 2004a,b) e i[RI 418G H 0K
TR (RIS 2004, Chen et al. 2005, Chen et al. 2005) AS[FIRE R K
SRR IAEAL (Chen er al. 2002, 2007) MRV EREK 73 FI R 454k
(Chen et al. 2003). {EriIlibIX, ZFREHAE 73 RIFIE 1 5 B hr AE A< S8 A0 DY 11 b
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O LR

JELRA X R P (RS B RO 38 AL 4R 3 e SRR G &R, ARLABAT
T BRI AT T A TR (B RN (Li et al. 2004) 503 & 4EA (Li
et al. 2006) FEATHIIT. Tk S VE A AR AR 7 I A MK, A AE B AR 2 1
WFFURXS R D, 1 B2 BOR W A 5066 8 R W IR A7 2 4L 5 I8 2 TR IR G R

(ZHAAE 1999, HEZAE 2003, 2004, Z=W]IA4E 2005, Li e al. 2007). X 5 i =
JE e LMK G R R o A 5 4% 1 R R A Bk IR) (7 38 0 AT R AIE B 3L B R L PR
ZIBR A UL AR DLARAE o
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S RS A SR

E=E MRMXBYBEABIR

F—T BSFHIBARL

1.1 HBEAE

S ORI VA B /N Y S R AW i ot 1 Fepae = e 0TS I SR VAS
VR AR B T Ry Ll B S ML A AR LB Y, E92°12°~957357,
N29°10'~30°15" o 1IAALL B KAy E94°25°~94°45", N29°35'~29°57", 1hfikiE [ 3=
TEAVGIC R AR E T ), B AR IR AR PH IR o 31 A A8 P55 R o 72
S PSRBT R, N 2RI K 3000~2900m HiAl o AR IR R ) R
db, WERIRT Y], BEMes iy, WAL 2100m GEZZ). 55hrliPy A
GRS ARATREWT LK, VO RS R SO S L i B S
Db AR5 Ui FLVa M IR iE 8 BT 2 s i, 5T R ARk s
AR B TR AR B AR O, B A RIS R, R 2 R
PERR R 26 (X

1.2 HbuJF SR

A7 SR R Y 5 TR o A 3 i AR S AR T L R 3 i PR AT TEAL
WA RS, WA s s R A, Mg %, MUBRRDIRIIREER, Higl
SRR G LR TSR (WA e = e 1) O - 1 TR IR INEIN s €Y YN B AR e
T ARTANR DX 3o FEP P 5 0 4 e S oK Bz Ll 00, AR & Rl
P % SRR KIE A, 2RI 52 — VTSN BT, R T AT el A VTR, A sk
WA R A%, WOBH B TRl BRI R, BARA A EE T
Mo LRI R EAL, iGN ZE57, AR AU A1 ik Sk R SOEAT
DX o

1.3 K SCHFAE

UK e TR AT IR WA AT 055 S K SCRF R 2P
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

k)5 A2 P FE UK B SR R X, KN T-4%, TARE T 05 A BLe DKSF0K
NS AR VKNS 2 o3 A e AR b i, TR KNV R B B, B 21
PRI AL, SR TR 50% L ERKIERNS o« S3 56, CFFRnlKSCEAT o — FE L,
EPAN ) b7 (R /K TR S R AL A 7 R Al o

1.4 SARFFE

R RS, P AR, LMEFFRLCE R RRs A2k, P TE7s
by 10 s P B R 2 X 2 X PR AT T, A 48 RISV A i X o AR I
B VAR X, TR R B Y DX i X A e . R A
MR 2100 %2 4500~5000m LA b, FFAEEDFEAESRAEI T, EL 5T X B
(R AFHEE 19950 & LRI ARIR > 1 4: 4300~4500m BA b, R Caplid 98
i, L EBORMUKEIX, FTBAERX . 2800 (3000) ~4000m (4300) ikl
Crag i) JEECFRIE X . (55 H7 1L PE 3 2800~3000m 7] 4% J 1l Hivgla iy -1 52118
TEIX o (A FFhr Ll A3 2500~3000m A P 3000m B Wi S V4] Ay i 7 - e i
o FEARI R BOAAY 2100~2500m BrJs T~ LB e~ D, ey HY B0 A
HAHY), R E R A

1.5 T3

055 7 1 T e e e 1T W) AR A o SR, AR [ (R e R 3
FEA TS L E LR L BRYEFRE AL LR (R
b VAL LA RRHAE 1995, mLMESE 1985). s LA rE &
AR T 4R 4300m LA b &5 il ) R As B B, 2 ey s UG T
e, 5 s MAER = LR, JRISIBHIZR B I LI, MO AR HEEA
FRIERER . LA S ATZEHEIR 4000m DA_EZERARUK i, 76 ARG E 25
WVERRAERY, R R U AN A A R R, R TR EZ) 10~15em. R
PERRIE S A T4 3300~4000m 0 [ 1K) 358, AR A% 5 2802 Wy LIRS BF Ak, B
RKBAE N T, FERZEBER. BRI A B,
VIR (FE L 2002) 1LHEE 3 ZE 50 A T4k 2500~3300m [R5 Vi
M ZIZRT, DR S Pk . (AR ) 44341 T+ 2800~3300m [ 58
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S RS A SR

ARFIERHI . BHIREA . g ity , o o o 05T S R B i BRI 23 1 T 7K
P i PR A B AT ) L, 22 PR Y R B A AN [ PR e S
HEHHEBUKI, RO L, BRI AR L WP E L. LR I)
AR AS M B2 Vb e (R Z @B R Bl AR A ] b A e
FEAIRIAEAS TR T K o

1.6 HEHRA

H T AT TSR R R R, R T 2l A R B AR TG
FCI) T B 2 S, SO WA L ST AR MBI EAT, MR X i X A A )
PRI IR AR AR L, DA A B M s R s ey, R
55 L A AT ARG Y R A X BRI IR ALy Btk 5 e e i ) B
R SR AR LR N AT . BEIE S, BRI XA R R 1091
FRAIARRD, UGN R 20%. EATTor 8 T 103 B, 475 J&, b RR TR 2 B
7 )& 13 B, #EFAEA) 101 B 468 8 1078 B (RXFHEE 1995). X LRl ok
M BAZ i AT T LA S R AR T o R AR IS 2 R Lo A B AR RAR BB 3 17
AR UV 23 A A PR BT AR AT AT W) 1) 22 5

TR AL L i (BRKAFHAE 1995, SE5556 2004):

L O i R A AT, 0 AT T AR 2100—2700 (28000 m ML,
ROy BRI R RS (Pinus armandi), J8A1 (Cupressus torulosa),
Eli#s (Pinus densata), F¥¥y (Pinus griffithii), %+ (Tsuga dumosa), HAH1
(Cupressus torulosa) 7%, &k A IS LER (Quercus aquifolioides), W22
¥k (Quercus tungmaiensis), SM§iERE (Machilus chayuensis), &M [ JEiH
IRFEAR (Alnus nepalensis), ¥ J&FRIERIY . ZHE )T Bt 2100~2500m J [ A4,
WA o AR, HA — S G IX R8T

Lt U I AR, A TS L AR R ARIX R SV
2700 (2800) ~3300 (3400) Hhuiiz. FEFEF LI Z A2 (Picea likiangensis
varlinzhiensis), BREKAAKS. (Abies georgei), VWIRZLAS (Larix griffithiana),
VYIS AL (Larix griffithiana), *10KY (Pinus armandi), )IVEEIER (Quercus
aquifolioides) N 3. TE 2700~3100m £ &t M4 3 F%H R VRAS K . 3100~3400m
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TEN BV R

P e L FER T VAV G B AR AT, AT T L AARWER. 3400m~4200 (4300) m.
MR EE R DR KA, AR, =i2. i bg 4200 (4300)

~4400 (45000 m A TR (Sabina saltuaria) Hidk. WAL, @A55HL
Ak F 3 A9 75 R o 4
WP e LR E AR A AR A, T2 A THiEAR 4200 (4300) ~4500 (4600)

m i, DLERELRY, wliise. RuE . SERIRAEA A

RS (19950 vk T FF R LR X R AL, WAt 7347 10 DX 2R g3 4 Js 2
(11 65.1%, Jerfdbibbas oA S AR AL 5 BB 33.5% . AR, st Rl iR
XA bl 7 H A Ak X R s B R AL ARk, dB3E, T, 7
St rbifg, ARHERASE . A . SOW b sl b B A ffs o 2 v oty BRI Kt LA 2R b
SR AR, DL S B e s 2 1 3 1132 B R OK VA 3 125 (R A A R b 3 7 A
PIX &R BRI & T Hlr A e B R 19.2%, 1T HR 70 A S8 1 4k
A, I R AT R B — TR PUNE X R, VAR A B & 5 L i
W B AR ZE B SR AT AR I 2100~2500m i M 0 A1, S B EAR B i
ACHER LA T R o X HLJE T o R 98 e R R A A 8 g, o 7
I — SR REFA I, 17 H AR R A 135 Bl ST R 1 s 4
FETE R — 5 T HEA A X 3R (0 TR B LR €8 R I R e DA [ R i
LLl e K (573 B, o5 SRR 41.49%), EAIZ M RGO TRn BRI 1)
FEREAT AR AR 1 B RSy o BRI R FAEY)IX RS2 B AR E il 4k
iy KAT IR E ILAEY) X R LREE, S BEAIT RS . AT R 4e%E
X R ZE BN (SEBAE 2003) 0 FECZ=RLIL L €A 1 X B o3 i £, (H
FABLER W, a1, JRIAISEAYL, JEA LA Ry, Bt
SR (R X R FFIE R R AR P, DRI A i e X R 1 R (. 7EIX R
Oy AR 2 T - EHROHE RSO o) Ul A S B e R M R i X R R (G (B
55 2006),

F2T ARXEER

AT X Ik 15 B AR SR (& 1,N29°367, E94°367), 4k 1t 4100m,
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S RS A SR

EPEAR-0.73°C, ST (7 1) PR 9.23°C, B (1 D) SRR
-13.98°C, i 10 “FMR AR HR-31.6°C, A iy il 24.0°C . ZAFE K=
1134.1 mm, 78K 544.0mm, FEJHIRL 78. 83%. 6~9 H AWM T, H4FFE
IKIR 75%~82%, Yo 8 HIRRIRZ, P4 294.2mm. 2005 4F, 1 [ERFE LT
R et JEUE S T IR A B e LU PR SE  57, R X )\ — 2 B B 113 TEPE PRI 1
Sl AR ZE A GRER 4300~4500m) A0 BEE SARER LIS, 43 BITE B3 &
IRATL VA PR AN BH 3 R MR 2 82 T A Bk ORI RE - (£ 0.3~0.5 hm®), 3
AU AL WA K (Dendrometer) M HAHCIIA R E R AWFUE 113 EIE
BRI PR S 3 S AR KR A AR VB T LRI, FRITAIF 9T

60° E 70° E 80° E  90°E 100" E 120° E 130° E 140" E 150" E
L 1 1 1 1 i L 1 L 1

. T T y
90° E 100° E 110° E 120° E 130° E

P 3-1 TS A 7E T el e B A

Fig. 3-1 The location of study site on the Tibetan Plateau

2.1 WHFEIX S A R
—. FERAET

P 7 e S AR 1 g AR AL AR TR ) 22 5, IR A T BAT A
FERFPERIREA o A5 S AZAREE B BRI R MR 73 5ol B IR e, BEAT R4
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

AL AT o AT AIAE R — ANHERAR K- AT J7 [0 BOE = St o)
N IFIRH P TR RE AR S A S BB T 10 A, FRARFEH /KT IRIER 50 K, i
ARG ARG 10 2K, FEHICN: TRy 10X 10m® J5#, TMiEA 2 A1 H A 2
SRR 4 Am® FIEAE g 10X 10m®. W TR AFE T BEATREAKS JOR AT, XA A
PrEBATAR T, b E, Mife. SHEARFETT, W BRI B &
B, DLRCBEASBEARE RN H e . RRARE DT, ISR NI A4 FR CRENA) Rl
BEATARC, RIS SRR AR, HHATHEI S ) PhRALS. 55 . AR BF A
UL SRR BRI bR AT, AT R EE E

T\ TEBAH BURE
WX, FeAREENAE DREKEAL. (Abies georgei var.smithii) Fl 5
M1 (Sabina saltuariad, tH 318 [HIE GEIK 4160m 4> 43FF, B FEE A TIK
BRAZ, BRI EZ N BT il . SUR KA AW AR i e Ry 4375m,
7 7 B AR A o0 A B b BB L 4500m . #E A b 2 B AL 5 B S8 16 3 M KR RY
( Rhododendron wardii )« #} 43 ¥- 7% (Rhododendron pingianum) . =5 JZ FL Y
(Rhododendron nivale Hook.) T ZHAS (Rhododendron nyingchiense) VL4
MR A (Salix oritrephad VK)IZREE T (Ribes glaciale) VUFGAEMK (Sorbus
rehderiana), NIREAR FIREARFEAS S BEAT PSRl e Fe R B R H/INEEAR £ 2008
% (Rubus biflorus), MEAFE N S magy, FEAHMSLE (Ligularia
fischeri), Wi ZEYY (Geranium pylzowianum Maxim.), EB% 5 56%E (Pedicularis
trichoglossa Maxim.), V4 % % (Fragaria nubicola), 11£H|Z ( Morina
nepalensis), PEYEZL4 (Lonicera litangensis), T3 MI (Salix Lindleyana), ¥
H &7 (Anaphalis lactea), =W 4.5t K (Rhodiola yunnanensis), ¥ %f 3
( Polygonum viviparum), ¥R (Veronica ciliata), VWigZWx (la
xizangensis), HiBiE )T (Pleurospermum pulszkyi), At%l 21 (Stipa purpurea),
S R HME (Androsace bisulca), T8 E%. (Carex moorcroftii), 5985567
(Pedicularis przewalskii), %XKZE. (Leontopodium nanum), Z5iK%%0 (Aster
flaccidus), FWATH (Saussurea haoi), ZIHHEIRESLA (Cremanthodium
decaisnei), At E (Pedicularis cephalantha), =W 448 (Meconopsis

integrifolia), =1l (Kobresia pygmaea), MEFIZR4E4E (Delphinium wardii)
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4

2.2 WA B A R

BT D)3 - 3 2 A e L e B Ry L) . (V0 1997) . AR
BREERAE £ L3 0-10 em BEATREE, WE T8 K%. 2%, . ALK, H
RAH LW . AR TOC AT IE, EHILRE L, 2R
bk, ARG Y He%, BB 0.5M NaHCO; =42, BhfHpit (k.
FrNE DX I SRR ik, R R B MU R 39.146.4%.
67.3+£25.7mg/g+ 4.5+1.1mg/g. 0.34+0.09 mg/g. 0.03+0.02 mg/g. 0.003+0.001 mg/g.

2.3 B ESAREFAE

A ORI (55 hr Lk 4100m LA 1 I8, BIAE ARG BT (1) s s, GX—Hh
ARG, B R, 5 32 B KRR IR S, [ R R 25 SAH SR FEROR
J T TRV AP U o RS e LR e e BB T AR R v L PR e b
LRI 1) E AR B MBI, Giit 2005 4E 7 H~2006 4 8 H, AEHAH
N 1L1C, SFEREERSEE R-16.5CH1 20.9°C . AETIIAIHRE R 75.3%,
AAERE AR 1010mm CGPE LK 3-2) NV Geit K F Mgk 4170 %] 4370m,
IR K IR A ] B A, AR KPR 4370m B 4170m = 1°C L L,
AT LR B A4 4370m Ab%E 4170m Kb K4 10% 2045 . 1 AR
4370m F| 4410m, HAREEHETFE, HSE T BT T A2 IR IREE, Jaliy
I, G T RIS, 4410m AR A KR TR B 4370 A AR B 1°C
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14

soil temperature (a)
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1 92 183 274 365
Julian day
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——soil temperature (-60cm) (b)
soil temperature (-20cm)

——soil temperature (-10cm)
o
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|_

1 92 183 274 365
Julian day
130 3 69
—_ Air humidity (©)
110 Soil humidity 1 59

——— Precipitation
N €
< £
z S
© ®
E <3
= o

o

1 92 183 274 365
Julian day

K 3-2 WFFE R4 AR AR, () KR I, (b) TIEARRNERE IR, (c)
RN A S R R K

Fig. 3-2 Daily changes in air and soil temperatures (a), soil temperatures for different depths (b),

soil, air humidity and precipitation (c) in one year in the study area.
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SEPUE I REDREE Bk IR A 3R AL B e A L R AR

FME M2 EMRELRERMFE R E EE R THHE

FE: A ATEREE DL by HEAR R AR ) B 8 AR M AR ORI, T TR A )
WHEBRAEZ b, BEARFIREART Y 5 T ARAH LA MRS AR AE AT, TR AR BIEAR S
RS R FEAR R AR IR A A A AR LA AR TS T AE MR DL R AR
A7 I E NFEARERIF TN DT830 DI 1) 1), 2 AR R T2 RO LB (¥ D T
fE o SHIEHFE R L IR I 81C e, MR, AR AL G
LRI TREAR S TEIHEAR JLREAS) WA KV S0 X AR A 1 7K 43 1 S5 s
REEFAE RIS . FrlE S E T 18 B 28 JBA 31 M4 Frit 8°C {4
A F-30.34%0F1-25.39%0 2 [], “F-IIMH H-27.68%00 T LEFEA I HERFFLRY 55 R4 AT
ASJC B PEZE 5, YA MEAR I LA 178 g SRk LA A UK )1 25 B 1 A5 T (R 3 72
o AR, ANFEAREAEY 2 W 80C ¥ 2 B, HESIE N WA
TeR (BAS) (27.27%) > HEBER (27.56%) > MR (27.93) = &
A (27.91%0) . AWFFUEE RR LR AT hol s bRty REK SN R,
ARAN R A 395 2 TRV E W S AN TR R (R 25 9018 o T ) — 3 1) R E AR 2R Y, [l —
AR SPC T R, MRFAE A SUC R B, U
T3 R FH SR W TR AR AN 2 B H T AR B AR A g DR, RIS [i] A 3 BAE 42 1)
8"3C {E 1] L5y S WAN [ T e S EAR ) (1 7K 23R FH SR AR 4K,

1 5]

jillf3

TR TR R 50T, B GREE. FEKEL CO,p REEAR
A TR A & DAREVA B8 AR IR A SR P (R S L, AR S, BN o6 et
W FE AR BRI AT HRAEAE AN ] PR ROk, DRI A8 B AS ) (9 Y (Schulze and
Mooney 1994), SRTI{EAERIGIEI T (GCMs) ANn] B & RN DR R PR (S
B DUXELE TR ARG B, LU R 0 A o 1T 9 — LE R AR Y A )
AR BRI LA K T R F R U5 D SO A A 2E S, AR T AN A 1 5 e P P
T IR SRR [ R R (Shugart 19900y T JEAE %S 4 ERAR AL (1 i v 37 i 5]
B, SR TR ThAE R M2 (Chapin 1993, Korner 1994, Box 1995). Box
(1995) &t T =Fh 753 n] LRI o3 AN RN IR D R 20 . — b 2 R A 25 R R AIE
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

AR 22T, oy — P TR A S T RE K A= B 2705, 35 =P B TR 5K
AURIAR HAR F R M R B2 T3 00 o 88— VRt MO T R A R A0 2, AR
A WA TR AN [) A 3 28 ] LUK R R 43 1 AN TR TR D BE S BF - (Plant functioning
groups, PFG) (Brooks et al. 1997), [Fl-—IhRERE A AN [ RE A A0S A1 31858 A1)
AR A 1% 3 T HE SIS ABL PR i R AR, 4 R S (1 A S A T R A A I R
(Brooks et al. 1997, Chen et al. 2005). H FifRFEFY) 1 ATE R CHLnge, #E. #0O
KRN R D e 2 5ok HHEALE 7k, D8y 2 i A . YR
VAR Sy MO0 [ B AN [ A 2R A T 25 R L T PS5 A A AT B B A [ e
(Schulze 1982), #H T X 432K 7 EPIRE R (Chapin 1993, Box 1995).,
Xt T T BERE ST ) — A B H Al A TN A 0 o R RS S AR A R i 1, T AN
SERFFERA YR & A AMAT BAR(E B (Dyer et al. 2001, Chen et al. 2005).
Buchmann et al.  (1996) N PN FriciilE SEAE BT, BRI ZAZHR R 2 A
THAER R TR N AT 584 07, REARTLIR, FeAREAR . B HIAN R A 0GB A K
R4 R A T e R B 5 S e AR A 0 A B AE S, B S AL S, KR
R, RIS B R 35 LU AR — MR FR A

Bl JUHA1K, R R AR AR ik (R 35 A1 BURRAE SR TR S5 o6 & VR T 6
(17K 53 R — H 5 ERHEF IO, I HAE AR 5T 14
F|J9Z (3% F (Damesin and Lelarge 2003, Scartazza et al. 2004). Hi4H F 8°C i
A TR R A CO, 5K COIRIEMILER (Ci/Ca) LA,
W [l A e 5 AL 3 B 10 P CRIVRE ) W AR 7K 53 R 240% O (Farquihar et al. 1982,
1989), AL T AEYIAE BRI A5 vh e A i S AL R ) O FKYRIR
G R, A PAZEE I B R ARAC I 9 R G A R Ik A 2 T A BRAE S SRk g
W AR U MR 7 R 9 1 7K 43 1 FH 3% (Francey 1981, Farquhar et al. 1982,
1989« [EIA1Xof A ] AR 16 25 J Ty fie KA ) 2 )RS ik ) 3 20 18 S 7k 3 R T 0%
HEHAT T KERIWIFT (Kloeppel e al. 1998, Marshall and Zhang 1994, Garten and
Taylor 1992, Schulze et al. 1998). fij &l P4 f1 T~ FE A0 e 5k [F) A7 22 i S0 A0 e,
XFFANEZERG R §PC (IR 8 /D> (Chen ef al. 2002, 2005, 2007). (A55Fr 1Lk
S Ky e S BRI BRSO, RS B R R —, IO AR AR
POHE 5k SRR, A FURE 000 PR B A A 37 L AL 8 K AR By e I I, P AR 7
= P &5 I R G s VAT B 0 =1 -2 S (A S 1] o/ D W A5 BT E S
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SEPUE I REDREE Bk IR A 3R AL B e A L R AR

AR s . TEEST RIS 7, BOR SR BITEMRG AL A5 11 T, BT
PRI A BB A, R — 45 R 2 AR MR 55 E N BRI (W) R A e, 4k
(Treeline) S#kZ (Timberline) JLT-i& 2, M4 FER Sm A BT 24 R FSE
AN T AR T R A) 2 T T A B AR 2 2 R VRS A R 45 A o A8 3 5 B 354 2
PREE 5 W S g A 16 8°C M, AEWRh AT R AN KT BT
DX AL 14 7K 53 ) FH SRS A2 A5 A W S 1 90 S, Ry AR R e B B0 AR AR 11 R v
() T B s AR R TE SR AL 04

2 MRIETE
2.1 HAKIRE

AILE 2005 47 8 HHIAEAED) B ALt v 8 0 PG, WA FF Rl 1 34
I MRG A DA AT AR . =N ORE iR 23 700 4170m. 4280m F1
4370m. FERENBRE SN, R IRRIBEE, EEE . PRSI AES, SR
(IBEAALRS . IEARFLRY, R LA, PRI ST, AR
AFERJE T 13 B 23 @I 25 Flm b s iy, PR 4-10 W ARz L
LR RN, mORREAR Y R P EIORE, BRI EFR Oy TR KA
12, EANFEGE 2w E E A AN R R HORE (0-5 ). HEEARWAE B2 AT
TP AN R R IRORE (0-2 AF ), T 3 HBE AR I S AF 58 A R T IR it o ZEREMRE R
TR 3 BRAEAR T HIIRE, PRIEREMFES A 3 ANHE, AR 2-3 MFERRIEE,
IS AS LR R AR AT BE 2 A o BE R CRAE S T2 H NP IR o 10y
Bl ZJEAESEE T T0°CIHEAA T 48 /NI R, AP AU, 1 80
H i N2 48 4 H

2.2 PSR IRR IR AL R AT AT

7E o [ RE 27 e A 0B 5 BT AR 25 5 R BE R A% B8 TR A 3% S 5 = R I AX
(Finnigan MAT Delta™ " XP, USA) 5 HHIRE i iR 2 Ph ik [ 47 2 ELfE. LA
PDB (Pee Dee Belemnite) (Craig, 1957) Ahnifk, MR N AT IHE
8BC =[("C/"C)/ (PC/"C)ga— 1] x 1000
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(PC/2C)s FI(PC/2C)ga 2 TR AL PIRE 5 FT PDB AR B 1R M R 22 LU Al . &
Hiim ZE AL+ 0.2%00

2.3 Gkt

s LA SPSS10.0 FEATZEi 00T, LL Mean + SD RoR. ANFRIWFh 2 o)A e i
547 2 LU 22 S ST REA T #% (Independent-Samples T test) Bl 5K 2 7 22
5381 (One-way ANOVA) HEATRIHG, 17 AN [A) A2 3G BURE A v 22 R) 2 e oL TR 3%
7725381 (One-way ANOVA) HEATHY G o

3 HER
30 HRERFAMZRERSHAXEDET CbEEE

K 4-1 o RN IX BT RAER F IR T 18 BE. 28 J& 11 31 RS 1 (A 2 i
[ 007 2% LU A o 25 22T, il s 1) 31 FPAE ) BT I 3R S ) 81°C B A F-30.24%o
H1-25.39%02 18], ~V-SSIME 41-27.68%0, AbT- Cs AHAIRIAG E Bk [R) A7 32 20 1 A Y 1]
ZW, UEIIAE T LR B I 3 SR A 3 WA Ak [ e il Cs e
TER@ARR S, WA RIL CAM HI C4tEY) . XA g IR X i #h 58 45 A1)
JEHRAREAT K
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Table 4-1 Stable carbon isotope compositions of plant species growing at timberline in Sergyemla mountain, south-eastern Tibet Plateau

(RE i AR §°C FEAEL piINERit]
Family Species Life forms 8'°C values Sample size Photosynthetic pathways
¥A%} Pinaceae DRKAEAS Abies georgei Evergreen tree -27.27+1.08 27 C

£ El Ericaceae W RS Rhododendron wardii Evergreen shrub -27.5140.63 18 G
£1rdF} Ericaceae 20 FE RS Rhododendron pingianum Evergreen shrub -27.60+1.31 18 G
Rl Rosaceae VP ek Sorbus rehderiana Deciduous shrub -27.92+0.69 9 Cs
MitEl Salicaceae L A4 Salix oritrepha Deciduous shrub -27.82+0.43 6 Cs

R B R} Saxifragaceae  VK)IIZXEE T Ribes glaciale Deciduous shrub -27.99+0.50 6 Cs
%%l Compositae A HEH Anaphalis lactea Perennial forb -28.96+0.05 3 C;
%%l Compositae FIRES Aster flaccidus Perennial forb -28.59+0.33 2 Cs
%%l Compositae P METESLE Cremanthodium decaisnei Perennial forb -27.14 1 Cs
%%l Compositae $& KSR Leontopodium nanum Perennial forb -27.90+0.28 2 Cs
%%l Compositae Fi-525 Ligularia fischeri Perennial forb -27.82+0.81 3 C;
%%l Compositae HIR B2 Saussurea haoi Perennial forb -26.99 1 Cs
%%l Compositae BRI A 9% Taraxacum tibetanum Perennial forb -27.86+0.58 3 Cs

3t KFl Crassulaceae L 450K Rhodiola yunnanensis Perennial forb -26.71 1 Cs
PHHRL Cyperaceae TR AL 5L Carex moorcroftii Perennial sedge -29.25+0.26 2 C;
PEEl Cyperaceae =11 & 5 Kobresia pygmaea Perennial sedge -28.37 1 C;
JI1EEWi %} Dipsacaceae F1 4612 Morina nepalensis Perennial forb -30.19 1 Cs
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23 4-1 Table 4-1 (Continued)

He’f- )L R} Geraniaceae
AAEL Gramineae
BSEFRL Papaveraceae
FF| Polygonaceae
#AEAEE Primulaceae
E EF} Ranunculaceae
i1k} Rosaceae

%l Rosaceae

ik} Rosaceae

% %2F} Scrophulariaceae
% 2%} Scrophulariaceae
% 2%} Scrophulariaceae
% 2%} Scrophulariaceae

A F} Umbelliferae

N

B

HEZEE Geranium pylzowianum

SLACEN S Stipa purpurea

G ERYR 7 Meconopsis integrifolia

BR2EH Polygonum viviparum

EVHB S HHE Androsace bisulca
Hepr B2 AL Delphinium wardii
VI AF Fragaria nubicola
VIR ZE IS illa xizangensis

¥ % Rubus biflorus

B4 5908 Pedicularis trichoglossa
HI G Pedicularis przewalskii
SKAEE 96 # Pedicularis cephalantha
K JLBULY) Veronica ciliata

T A% 17 Pleurospermum pulszkyi

Perennial forb
Perennial grass
Annual forb
Perennial forb
Perennial forb
Perennial forb
Perennial forb
Perennial forb
Perennial forb
Perennial forb
Perennial forb
Perennial forb
Perennial forb

Perennial forb

-27.27
-26.81+£0.25
-28.09
-26.87+0.47
-27.71
-28.15
-27.61£0.54
-27.1940.13
-28.03+0.58
-27.33+£0.43
-29.1440.33
-27.89
-30.24
-27.08

G
G
G
G
G
G
G
G
G
G
G
G
G
C;
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3.2 F—EFEEAFEYMER § C HEER

FH T4 TR B 6 80 C 1A BA 2 R CHURY o B B 4k 815 C AR 1A e iy
TR NTALTEM TR, T HEBRREY o e St ) B35 sk [ 37 2% LU AEL IR 52 00
ARHIFFCH T SRR ST A, i FLREASTRTEORE i 81 {EE]— i
SHTe AT St Al AV BRI R 81°C (AT T X LAY, 45 RE W
HOEARA R Y P TS RS S AALRS 81C (2 AT BE MR (P >0.05)
(B 4-1A), 17 AyEMHEAR VI RIAEM (L AERIL UK 7 8V Ethsa B
FEWZER (P >0.05) (F 4-1B). FRAEN 24 FhEiAMY) §°C MANMEKR, 4
A 4-30.24%0 ~-26.37%0 (B 4-1C).,
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[ A-TRSHIEAR (M), TEMHIEA (B)RISEAHIY) (MM L IRRE B R 41 5
ARG FRER R BEVEZE .t AR B0 IR A AT T 22 0 A

Fig. 4-1 Differences of 8"°C values at species level evergreen shrubs (A), deciduous shrubs (B)
and grasses (C). Different letters indicate significant differences between life forms. One-way

ANOVA analysis was not made in grasses due to rather limited samples.
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3.3 NREFRZ A 8°C EZER

TP ZESPNT SRR, AR M R E R A B A B ER (P <
0.001), HEFIMITH: HWEIFAR > WHRHEER > EHER = FAR (& 4-2). K
A LRI §UC MEHITE. . RIS SRR B R TR A
(P <0.05) M I&MEARFE AR (P<0.01), % SEHEART & 5 TV HEAR (P
<0.01), MM HERGFHAMYZ BEAAREEZSR (P>0.05),

-255
-26.0 a
£ 265
% é 27.0 ; ¥ C
= o- .
-]
E o275
=%
W " 280
ﬂTé’
-28.5
-29.0 L L L
TR (SN TN B
evergreen evergreen deciduous forbs
trees shrubs shrubs

A:=35#4 Life forms

Kl4-2 ANFETR R A E AL R 22 5. ANFVNE PR W R
Fig. 4-2 Differences of 83C values in plant species with different life forms. Different letters

indicate significant difference between life forms.

4 g
4.1 NEREEREYH B 613C 5K 5F) FH EwE 25 4k,

Tl s 3 VR 8 PCE R M, RAESIIR MRS A CAEY, %A Cufl
CAMAED I3 A, 5 R AT HEI KR (L er al. 2006). AWFFTERE
W, RV S5 byl Ll Rk My B i AR A0 2 (AR 138 B I 8 1k 1000mm),
o TSR A, ARV A 2 1R 2 I S (R RS e R 67 3R A iy e, JUHLAEAS
ARG Z MR 53, NHSTRAR. WA A AR O 2
WA o S CAEIMIWI Lo S e W, AN [R] A3 2R R A9 2 W) 7K 3 1) FE S s 1 S
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[ o PRERHLIX T A B T-BF v in b AR A PR T 7K 23 IR A S, A K o B
SR (PERLEB N, MHAETR A L3 B BB OGP BAsl b 7K 43 (R 1
Ko PERK ORI, W8 O il B m T AL AR . M T IR,
AR BCHA T BT B R AR T /K oAt A, AlVBE AR I B AR E K 3 (R AR 2 T
AR PR, TR AS AEARES LA s E AR S R AR ) RS A e b A= KRN 23
T713 7 A YU 2 AR — 75 T S R o ST AN [ A i 2R R A G ke ) 7 3% 20 B S 7K 43 )
AR MBI CEA T2 IE, B2 R TR iy 2 Bt
Ehleringer and Cooper (1988) A LA [w] A3 iy IR /K 73 R FH R ANIR], R 7 1 )
YK A HBCRIE T K G4 . Ehleringer (1994) £W, ZHE4MYY
AR R AR L R AT BURIRK A2 B, DRI R A B 17K 73 R 20% . Lloyd and
Farquhar (1994) N ARSI T AN 7] A= 9% BUAR A 2 [0 A7- 76 5 25 1) IR 7 35 001 2
5. Smedley etal. (1991) KIL, 51510 BEA T AT 7 2 1] (18P ClE th 2
AHIFE ). Chen et al. (2005) WL T A S DA ARG 22 Fi AL 5 LA RO AL
SEBRIFIAL R A SR, AR AR Z A WEEZER. Li e al. (2006) AT
T =R RIS CIE R I, ZAE AR AN AR ) BAT 5 1
8PCHH, HR/RZAF MY H R KRB . AWFTOESE, ERKBEIA N
AN R ) A A BRI DR 1 o L PR e by, AN ) A 35 B R 2 ) “ B 7K R RO AE T
AR

WFFC RIN, H SREAR 5 YA W HER 2 R S 3 P2 S o RS2 30 vh J  (1 Av
Yoy PR, BIHE SRR S TR, S CAE 5 7K 431 FH SR s 19 2% A U B g
& (T-test, P =0.00). BFFUIX 5 SEAEY) 5 R IK) 8> O B 3 v 2 S 5 R [l
PIR) AT SR 5% o X W ERAEAIR UL, Py A () R B AU P, W EER
R d RAERE N34, T SR KA AL I K W 1247, RIS EIX A B T A
W%, HZHEh TR, SRR AR S LA SO R A IR T A5 R b, i
AR TR, i AR TR a2 AR IR T, AL
CAFFUIKRIT, HE T AR B 2 b T2 PR s, s i <ALk
RIIKIAGE SIS G B4 TS (Smith et al. 1984), BT IX Leqli 53 SRt Fr
L PR IK G, T BRI K 2 R ORI SR, L PR <AL
FEBOGH AL, B A3 IRHLR

TR G LA G R 2 BRI R 4 A R B [ e s R R 3%, Wl o PR R 355 41
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SR R R I G LB R B R L

N B ARG REAB ) TR (117K 53 B 5753 ) R 2003 dme A DA I A o PR R 5 o L 48
A KRB TCRMNTEAF RS RG L BRIELLAT N, H SR R A7 2% 2
Fe 7Ky R S 5 9% RS 4 W] 5 AN H] o Marshall and Zhang (1994) #1597 7 ¥ & 1L
PEEAEATBMIEAR = 1) SRR 5 R R B R ZR AL B, RIS A
Wy Lk 3 A A AR KB [ 2520 18 . Brooks er al. (1997) K EUZEASFIAEZS
RGE, CHGAHYI R IR T Bk R 3R A TR AR V& A . Garten and Taylor
(1992 JEIEAF T B A 1) b X 55 Sl iAol 5 e o 4 (108 P C B R I — 3 W
AR, SRR PRI s TR A R . Lloyd and Farquhar  (1994)
WA TE AR RS R 2 B0 R Bk IR 1 32 70 W R A 225219 . Ohte et al.
(2003) ELHRL T P 58 7t ML IX 86 G bt i 5 ot A A R IR TR AL B LA, R
SRR P AR B IR A7 25 LU L S A A i3 %o 20 A

4.2 TR AR H X A ) Lh RERE I 20

ARSI, Ar T X (R A0 B AR AT R A B AR v, SCHE T
A A AT DAV A RIS R T BE T [ AT (Brooks et al. 1997) .« R AN[R] A= 7% A
YRR ST S AR R 43, AR A3 8] DL S Bk HH AN [ R 400 B 2 TR 1 A2
BAE SRR 22 5, 8P C AR 2 1) (1 W S 2 S 2 WAL AR [i) £ 375 20 22 1) AN Jo) (g - 7K
ST, DR A 2R S AN (] R A A D BB A2 AT AT . Chapin (1993) A
AETERUE B R Y A B AR 5 A SRR B ARSI R I A,
O[] — A % TR Ao ML A B 2R o AR AR RIS P C o ek, — 5T
5T I AL O A 5%, PN SRR 55 5 5% B IOA SR R 50,
{HRAAR FILSCCE A I B T IR A K SRER, L5 ¥ HEARBEI . Brooks et al.
(1997) W5CHE— W], ARTE L2 () 1R 22 S e AR KRR BE b2 2 BIRY iy S 4
TERE IR, AT TAE AR o B RS MR 5 R TG AR SR T DLAEAR R L i
[F A7 2 484k, Chen et al. (2005) WFFUINA, LAAEVE BSR4 FIAE A D) REFEANMA
DL TR B R, i HAR A ARG HAT AN A B R CEE Bk 73 ) 2%
) WIKEE. Smedley et al.  (1991) AILAE T 7 (15 R h AR 35 3L 2 [A] 1A AR
SE R R 28 3 R ANAH AT o T DATEAN[RIHIX, AN A& it e Jot X 7 S Ay
RRARDC, ] AT AR 7 A A D e AR v AT I
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SR ANF A TE R 81C S H ARG HER R 2)

FRE FEEFRENH SV C AREEXMHEREERS F

TE: M T OFFHl A IR A RN & A A 2 AR R — 48 C fE
SARSCHPEIR, ZEM D AR R A Bk R A 812 C (i B 1) 43 A A
ALK IHSPC (SIS RIRISE R B2 (FEA) R SEARIIS C (bt
P LTHRIUH B F BN (P <0.05), H SRR 1A AR ] 75
AN AR AT B I AR . A28 C (EINAR IR 5K, & 1 7H100m
BETN0.61%0, HZRBEAN . & HHEAR K FEAKEY) 73 93] 490.30%0/100m . 0.03%0/100m
H10.12%0/100m, 6B A 7] A2 v R A7)0 AH ] PR A58 A4 2 T L AN [o] ) i S92 P
R AR T A UK o 55— 71T, 8 SRR L [HIAR o 4R T v T 8 25 %
% AL IFR I 5 5 SO AR AR 5y, BRATIA R 2 3 K
s PR NS PR R BT W S R AR AL s DT AT R Sk S AR 4
FVERR & S o W Rk 2= S (RG-S R A R oy RO A IR AR ). —
FRANANA S HT R, FRAREANSCIEY 5 L IR 2 FAR G, 55 Sy o
SR B AR R B — Bk, WL TR 1R AR i 8 O
(RS2 = S TR S I P S, T K COLAE M P A S R A% it 19 548
HEAF NIBICO S N, SEPCrIa @D Frakimms e (mas
WG Ve ARG PR S R ICAR G (BRI a =i B Ay et i-8°C {1
MR AN o EIRWTITEE RRW], R RS Bk R A7 3R O AR R AR Ak 32 B2 34
S5 DR (R, U A PR DR B B 3l s — T TR ARGl B o) 1 A A
FNAMIICO MR 7 (RIMIG/KIRE 28D, 53— 5 T T 43 BRI 77 7K o AE R ) A
N AL T S BUK i, AEA I s J5 CRIGEE I TR SR i HoR K 43
IR R B (B E8C 1D o FRARDIRN RT3 e B A KRG BRI T 7K 43 11
MRS B At i, A FEE 7K o e (¥ ARk e TS I A, 381 C B B I I
AR W Sk T A

1 5]

i

AU 8°C AL T R AE K 0 R R, 220 0 FE A X L
TR 5 it 2 1 PR AL DA Wk [ A7 2% 2 O B (1 iy B AL, B
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HEEH 2 M C R REMPITCSERHRZ WIEN 7, b 138gE. X
AHRIE S KT COL MRS KA T UL K R d e g s ma ) §1°C (i A1k,
X — RGN R 7 — MR AR s R A R A . BRI, BB AN [ R
JE A SR PR o Bk R 3R 21 0 5 IR 2 TR O R I — S BB TF-Be . 7EWRKF
b, WX A 8C A B W T i T (Kérner et al. 1988,
Vitousek ef al. 1990, Marshall and Zhang 1994, Sparks and Ehleringer 1997, Cordell
et al. 1998, Li et al. 2004).

3T, R R AE A R (Korner 1989, Niinemets 2001, Li ef al.
2004, Luo et al. 2005, Li et al. 2006) W A71E W& 75, BIUAR AT et 25 5L fE
WIS PC IR S ATRFIE, AEBRA A8 C MR TS B R R AR K
A IR (g, BRI R SR & 1R A
FAEPIIRR AT A7 25 AR 1 B3 I IBE 2R, T S IR B ol 1 B 455 8 Ul ) FH
% (Rozendaal et al. 2006). & T2 Hr A Flih A 28 R GUAEY) B A1 = EERR I A
22— (Vitousek and Howarth 1991, Reich and Oleksyn 2004). Fi#)H 5 K64
R IS Rl A AR IEAHSE (Field and Mooney 1986, Kdérner ef al. 1988),
55 Le I FRAEAE A 5% (Nagel and O’Hara 2001, White and Scott 2006) » 4.
B R A oA Re R, 3R m TGS ERIX COLMFR R, A I
COL Ty B BRAR, IS PCI¥ 3 TR, Je & VR A =8 P C T o LE TR ARS8 C
{E IR MR INAE AT 1T — Lo AR i i JE B n . AT n 77 K<
COHE NIy B RS (COLIEHE R IE IND,  AIMAEREA I I CO, B
NFE, R T EICO 2 IR ZE B, SR PE PCHI I R, 8 PCi Tt
Mo o BRI A S A AR DA E TR AL BEE R
TA/gHER, kTS T X PCIME, M 8 CE T (Hultine and Marshall
20000, §"C A FLE A2 TALFAN P BEIA /R s (¥, DRI 32 0641 F
[ 4 P 38 COL 20 s (P ¥h5E (Farquhar ef al. 1982). 4 A AR N (8]
FRASLFE T Ci O AFRIICO &) Ko AR%,  AifiAa ke e i H
P Z AR ST . Komer et al. (1988) WFFTRM, milFkX ms Cll s
IR CR 2 A4 B3k R . Friend and Woodward (1990) F1Vitousek et al.
(1990) CAMEBEIXFIERE, It HUCHBEA RN, COL MM Fr FMBIE AT P
[FIER AR N, CO HLSZ B2 T 308 CRIME B T o [ e PR IR 7
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Ak, R KB R AN A L AR BRI R AL Sy . R
TSR], REPBRZE o3 AR G L I T Pk e B (TP P b . RS R
YA QD SEEAR KT R QLD M4, SRR €
B4 T IBRAERRSL (Korner 2003) o IX 8651 £ 2E 77 1R AR 45 M e o e A 0 A7
W KD AN, S 300 R 26 R o 18, (&= e R
WIS IKAZ 1Y (O’Leary 1981), LbUnie k(¥ 8"°C {E W 0w imr, A SR 7 28 I EG
(Chevillat e al. 2005), FEBADHIAI §°C A BAE BRI R 21k,
DRI, S A R I 81°C NN 2R R LA B A5 B, TR DI R
(RO SGIPER L R R AT s 5 i S L 5 81C I K &R

AT FAN 38 T 5 €, 55 7 Ly I AR AN R A o A I AS R R A e
Reb g 0 1) 2% LA B AR SC IR L AR SR PR 2 1 5 AR AR 28 2740 (R T 5
TEDRh AN A% B P 2R BRI [ R IR O 2 AL A 3, $87m )
MR8 5 5k [ 57 3% LU AL 1) HR 8 A A A5 52 PRI R~ 1y s ol - 4988 P BROK 4
B I 53 T AR A 35 A6 C (B BB 14 AR A SR F s AN TR R AR Xt PR 855 A5 4,
(g A,k Pl 7 AN [ R A0 2 A5 A L0 AT [ T AR BB o T8k e R
S RIBMIRR, MRBMOK B F753 G W 2 T He AR TR kY, AR
SRR, T HAT A <F I T T 2L 0 AR TR 38, BT AR PR B AR I R ) 2
U 3 ey TIEAR S AR HEAAEA) , B 4R A8 A 2 I TR AR A7) A B A 2 2 e 22
R THER KA o IAEARGHIX, W RESSAFAE ) b — b, BRIV 0 AR AR
e FETR IR I I Py, LR R AR A K e R, JCRRBE 4R CL2R I8 2B
ARAKIRBR, 159 IR B AR 25 2 BTR AR DR ZUR A AR S 2 e, U
B i S A AR B T 7K 3 (R B At o FRATIAT B PR R BE, TR R 4%
PEI AR L A S AU ) HEAC R AR (32 0 A TRk LA 1 b X 9 B fin ek,
R IhRE CRR-ZCTAE D R A S B S i )8, S 308 Ol 1A IR AR ke 5
THEAR JREAREA) o AR BT RE A BIIGAIE , A5 RE Ry A A bR X T
AR Tl SR AR BN A R A BT R AR AR

2 MRETIE
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2.1 HEREEREE

PR G TR LR R KR VE ML ZR DU %

2.2 FEAEIHT

2.2.1 AT RO SR AL AT PE LA DY
2.2.2 FEAFLLH TR R B E AT

K BN AIRE 2 AR A S B 50 MOBTEERE S, iR R
ANFETE, B FHARE S R SRS BUE I IR IR AR b, WGl R
R, B RUSARE, SR ACE T R (CEEE I T A
TEAD, Bl bR 5 R OE I e AR GIE i R AR 58D (B 4 e
AR RAFBIEARESE KD, K8 v w7 IR A3 BB RAEA) 50 B A R0
EINAL (BKEAE 2005) . FEHTINEEH HAR B4 iR B ENHERE, 7E 70°CHE 48
NIRRT, ARJEIE T, DU MEYIREG IR 50 Bt 0E #0 G A T AR R
DASKE R I R 5 79 B RE S 1 G TR (SLAD . SR BILIG i B i 1 4
Ao (P EEME SR, N KRHAGR- SRR -HHER UL VR 2
A B A i P R 5, Prass)o 1M Narea = Ninass / SLA, Parea = Pnass
/ SLA.

2.2.3 FEARTER S ARG PERR B =50 BT

A PEREIIINE : B 250mg AHARY AR FE BRI ZE K 2, InFAE 30 4
B AT A AR BK T 5000 B BL0pL, BUEVEW, 1 0.45um AL,
e OB R e R AL 5 CRERE . SRBl S i b -

TERY IR E J7 75 BRI 1.0 5o A2 A AR IS & 3T B = A, NN 20ml
(85% M LI H O, SRJSHEA 30min 5 2= IE, FIH 85% LM PPt JE
BRI 2220 3 U CLABR LRI rTVE R D, AR5 HIIRZY 50ml ACKRSE 2
Ve =ik, nFAE 30min fEVER AL, RIEIRE =R, P 0.5%
VERIE 2ml (sigma A 7)), AERUHT PRI 1 /NN RIS IS SR, B 2 i e 25 3
250ml AT, L 0.5ml BV TR T ANK R 2mls FEIIA Tml 5% A5 |
I Sml RGRER, JRAIAICE R, F 490nm K T AN EETHEAT I
. AN ET IS — (Uv-visible spectrophotometer) CARY 300 Bio.
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2.3 Gitatr

K4 LASPSS10.01E 4T G811 50T, LAMean + SDK R AR AT B Y)
W 2 ) RS 7 ik () A7 35 LA A A DG PR 222 Y 8 IR 35 7 22 43 B (One-way
ANOVA) BEATHLE o f7] B2 T8 [ UE 3 M R A 1k [ 67 2% LU AL S5 PR A
FELE R PR S AN S A B AR R F AR Z I R R

3 BREHH

3.1 FEYIM RAERKFE B 8VC ERERY R

Bt AR R T SRR 81°C (AR AR U BAR] . S KA 42 81°C
EAE SR BB (P<0.01) (I 5-1a, £ 5-1), HSREAMGLALRS 5 HM AL
B th R BL L Btk TR (B 5-1b,c), JRUEF ISR A RS A8 L0 R 5 W /N T B AR AL
HY, AR AE AR 3. SO R, =R AR A b AR AL
T BA (B 5-2a), W=ANERBIREIN 4 FhEiARtiY) 6°C (HRI, HAMH
Wy IR 35 20 A AR A A PNV, HUA B S5 | B A A A O
1E 4370m A s RN (&l 5-2b).

[l — A R R §°C (HBEAE—BUK, A T S MO AR [ B A R A
W) 8°C AHIBEAT 5 22400, BRATTHE 5 A% AU 2 A2, K3 2R TG R K 1 §1°C
(KI5 o 5 AR WY, TR B BRREA T Fr 1) 81°C {2 B8 i (P <0.01)

(% 5-1, [&5-3a,b), BAMDM FARMIKES (KB 5-3d), HEATES R
MK (P>0.05) (3R 5-1), T HEREAAZRN (P>0.05) (& 5-3¢c, £ 5-1),
LEAE KA EAE Y 9 R —4E I 81 C (B AR A H e — U . FRAC
TR . TEIREAR S 8 AR 83C Al (FRAR BBEAR g 24 4E I — 4R I
MED BEEFR ARACIRE 205 K. +0.61%0 / 100m, +0.30%0 / 100m, +0.03%o /
100m, +0.12 / 100m ([ 5-3) FHAFD KA FERIBIA 2R Bt f 8°C Ak
R AR A A B
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240 .
245 | WA (a)
250 | Ot

255 |
260 |
265 |
270 |
275 |

-28.0 1 1 1
4170 4280 4370

TR TR R 2% LUAH. (%o)
5"°C value (%)

250
255 | WA (b)
260 | B
265 |
-27.0
275
-28.0
285

-29.0

FRrE Rk R 25 ELAE. (Yo)
8"%C value (%o)

4170 4280 4370

250
-25.5 W M4iErft ()

260 | O -4nt
265 |

270 |

275

280 |

285

-29.0 - - - - -

4170 4280 4370 4410 4490
MR e E (M)
Altitude (m)

TR TR R 2% LUAH. (%o)
5"°C value (%)

K 5-1 1 SRR E Bk R AL 28 LA AOTEFHR 2 7t (a) SR KRR AZ; (b) HEANALRY; (c) B AL
Y. B R R I £ bRk 2.
Fig. 5-1 Altitudinal differences of 8"°C values for evergreen plants. (a) 4. georgei; (b) R.

pingianum; (¢) R. wardii. Data expressed as means == SD.
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-26.0 -

W 55 /MK S. rehderiana (@)
- 265 | @ yk )11 %5 1R .glaciale
) —~ O 1l 4 #9)S. oritrepha
& 270 |
N
B 3 ]
ST 275 |
E o
S 280 |
gméf_]
-285
-29.0
4170 4280 4370
-26.0 -
265 | B 7, EFHA lactea (b)
- ' @ pinfgzEL. fischeri
e -27.0 O 5 20 95T tibetanum
@ 3 1‘;@2%4\9{ -u u
5 % 275 L O P45 5i45F. nubicola -
- ]
E c_g -28.0
=
=& 285
w e
® -29.0
-29.5
-30.0
4170 4280 4370
R ()
Altitude (m)

Kl 5-2 Y& MHAEPAS E BRI 38 LUAE AR 73 7 .(a) W REAR; (b) SOAKEY). B h %o
B bR 2.
Fig. 5-2 Altitudinal differences of 8"C values for deciduous plants with. (a) Deciduous shrubs; (b)

Grasses. Data expressed as means &= SD.
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-250 250
0 (a) . (b)
255 L +0.61%0/100m T 255 | +0.30%0/100m
-26.0 -26.0 |
-26.5 [ — -26.5 | l l
_—
270 270 |
275 275 |
-280 -280 |
£ 285 | 285 |
o
ﬂ ?290 1 1 1 2290 1 1 1 1 ]
*ﬁ‘" f_)’ 4170 4280 4370 4170 4280 4370 4440 4490
E?O 25.0
B/ 250 250
H . (c) . (d)
@ 955 L +0.03%./100m 255 | +0.12%0/100m
-26.0 -26.0 |
-26.5 -26.5 |
270 | [ [ 270 | T
275 L -I- 275 }V }'
280 | 280 | = |
285 | -285 |
-29.0 I I 290 1 I |
4170 4280 4370 4170 4280 4370
g (m)
Altitude (m)

P 5-3 AN[RI A BUAR ARG E Bk [P A7 3R EUABL IR O 72 .() FRAR; (b) WERIER; (o) VEMHEAR;
(d), FA. Bl oy e AR PRy, B s P B bR

Fig. 5-3 Altitudinal differences of 5"°C values for plants with different life forms. (a) tree; (b)
ever-green shrubs; (c) deciduous shrubs; (d) grasses. Data expressed as means+ SD is the average

of current year and 1-yr leave 8"°C values.
3.2 MR Ve ARG M PRk & B IR 2 7

S HE A LU TR B AT v T k2 ARG, T A A R e R B R
[P >0.05) (52 5-1)0 SZ LU IR R 520, S AR A i 0 A B8 25 (Nareas
Puea) BHIHRTF RGN (P <0.01) (3K 5-1). A2 H R A #s =
R 58 GRS (R 5-D, HEFESEEEKE (P
>0.05) . P& EAR J B A LTI AR A B B A I B iR AR A e (P
>0.05) (£ 5-1). Frfrtadymt ik LA f ok & 0 W thilg ik =7 (P
>0.05) (5 5-1).
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SR ANFAETE AU §"C (B IANG I PRI K 5 53 I R 390

% 5-1 AR 87°C (i, Lot iR, SRS L, Ve SR g5 M Pk 5 2 B g R A 50 DA V3B = bl 2 A ) 7 B R AN IR ) 5 2 5,

el A bR

Table 5-1 Variations of 8"°C values, specific leaf area (SLA), mass-based N, P contents (Npass, Pmass), area-based N, P contents (Nyea, Parea), cOncentrations of starch

and non-structural carbon (NSC) with altitudes. Different letters indicate significant differences of 8'°C values between altitudes. Data expressed as means & SD.

Y HEZd [ 2% E I AR MHEsHE HESE HEESE Tl ek A 4h Kt
Species Altitude(m)  8"°C (%o) SLA (cm*/g) Ninass (%) Narea (/M%) Pras (%) Prea (g/m°) Starch (%)  NSC (%)
AT ARt 4170 -26.83+0.15" 60.07+4.55" 1.70£0.13*  2.85+0.41*  0.143+0.009°  0.238+0.010°  7.76£0.72°  13.67+0.95°
Evergreen trees  Current 4280 -26.31+0.80"  58.15+7.76 1.80£0.33*  3.00+0.67"  0.158+0.022°  0.262+0.015*  7.77£0.53"  14.13+0.74"

year leaves 4370 -25.64+0.24" 53.17+0.17° 1.78+0.02°  3.35£0.05°  0.139+0.014*  0.261+0.026"  7.88+1.71*  14.80+1.43"

—AEnt 4170 -27.38+0.38" 46.30+2.23" 1.37+0.23*  2.99+0.51°  0.119+0.009°  0.258+0.032*  8.10£0.51*  15.63+1.30°

l-yr leaves 4280 -26.66£0.90"  42.50+3.18" 1.41£0.18"  3.15+0.73"  0.119£0.010°  0.281x0.014*  9.17+0.89°  16.65+1.64"

4370 -26.15+0.90" 43.67+0.86 1.39+0.08"  3.15+£0.08°  0.125+0.003*  0.286+0.006"  9.13+0.82*  16.69+0.63"

T ERREAR Sk 4170 -27.48+0.25° 75.37+10.32° 1.55+0.12°  2.08+0.21*°  0.157+0.017°  0.209+0.020" 8.19+0.57°  16.20+0.90°
Evergreen Current 4280 -26.94+0.18" 71.75+5.72° 1.57+0.25*  2.17+0.27°  0.155+0.021°  0.215+0.029" 8.41+0.86°  16.80+2.18"
shrubs year leaves 4370 -26.90+0.28" 68.63+8.47""  1.59+025°  2.39+0.19" 0.156+0.023"  0.239+£0.055"" 7.71+1.00°  16.59+0.68"
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2:3¢ 5-1 Table 5-1 (Continued)

HORREAR
Evergreen

shrubs

HIEAR
Deciduous
shrubs
B

Grass

gt
Current

year leaves

ggnt
Current
year leaves
ggnt

1-yr leaves

4410

4490

4170

4280

4370

4410

4490

4170

4280

4370

4170

4280

4370

-26.63+0.43°
-26.45+0.17¢
-27.81+0.34"
-27.40+0.47"
-27.41+0.29™°
-26.98+0.33"
-26.84+0.21"
-27.60+0.71°
-27.78+0.81°
-27.53+0.34°
-28.05+0.89"
-28.01+1.18°

-27.81+0.88"

60.87+2.39"
55.8424.95°
61.40£10.15"
52.16+3.02°"
52.48+11.69""
48.23+1.30"
50.02+3.05°
107.72+15.29°
124.12+15.27°
127.47+55.16
141.35+32.92°
137.88+29.96°

140.92+33.99%

1.49+0.24*
1.50+0.17
1.35+0.29
1.24+0.06"
1.22+0.40
1.26+0.16
1.30+0.05"
2.66+0.35"
2.360.21°"
2.93+0.38"
1.69+0.50*
1.63+0.48"

1.66+0.36"

2.45+0.43"
2.71+0.48"
2.20+0.29°
2.39+0.24™
2.42+0.35™
2.61+0.28"
2.59+0.09"
2.48+0.29"
1.94+0.52°
2.5240.73°
1.27+0.54%
1.23£0.45°

1.2440.38"

0.158+0.008"

0.154+0.017*

1.001+0.008*

0.106+0.025%

0.086+0.011°

0.093+0.001°

0.102+0.007*

0.180+0.044°

0.188+0.093"

0.169+0.033"

0.13+0.02°

0.13+0.03*

0.12+0.05°

0.261+0.010*"
0.27620.028"
0.167+0.021°
0.203+0.043"
0.182+0.055"
0.194+0.003"
0.205+0.018"
0.16620.029"
0.14620.060°
0.142+0.030°
0.10+0.04°
0.10+£0.03°

0.09+0.03"

7.89+0.67°

8.04+0.46"

9.05+0.97%

9.78+0.64"

9.74+0.78*

9.58+1.11%

9.17+1.78°

9.37+0.94°

8.80+0.43%

8.97+0.52°

9.01£1.51%

8.11+1.37°

8.43+1.70°

16.59+1.89°

18.16+0.87°

18.29+1.08°

20.05+2.21°

18.90+0.52°

19.83+1.29°

18.24+3.87°

22.66+1.61°

22.82+3.10°

23.89+0.65°

15.79+2.76"

15.75+3.92°

14.61+3.64°
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3.3 i 8°C EEHRMHER, Jeh RIS & B R

FUEAHTRB, FRARIH §°C {55 L AR A DG, 55U ol £
CRLAT T BBl AT TR JEHIGC R (] 5-4, al-5). FERHEAT v 87°C 5L
IR 2 A, 1 P TR A i 5 R i e S IEAR G (] 5-4, b1-5). 1M
HE T 81C B MR Z T AR DG OGS AE A i F — AR rh S AR A R 1, B
TR EEAR AN §1C {5 S AT AR B S R B MR IEAIDCOCR, iR
BATHKFR (B 54, b5). FEHWEAR S BAN R 8°C fH5 LM iR, R0
MK FR (& 5-4, c1-5, d1-5)0 ANERTFAR. EAILERAR, w7 8PC i
WSk AR TR S e R R (] 5-5),
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Fig. 5-4 Relationships between 8'°C values and leaf traits in tree (al — 5), evergreen shrubs (bl —
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5), deciduous shrubs (c1 — 5) and grasses (d1 —5). O Current leaves; @ 1-yr leaves.
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leaves; @ 1-yr leaves.
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4 18

4.1 RFAEFEREY) 6°C EMEHRS 7 RILESERX

BEEHE R TS, SREKEAEI R §UC L B E I, XA T
NIRRT 45 R — 350, AR5 I S 1 2 B iR 1 I P i 22 5 i NI S
WK ZES . 2 52 505 TR AN A LXK (EZYARARY)) §7C (ki
PRI TSGR, FEAS BB AR S R K AR AR LA SR CO R
AL SECT R 8PC RN (PC MBIBRIED . N 52 AR H, R
R 2 BT R IR R 1 B 0 81°C R TR IR, A8 0 (i B W AT AR
TP RR KA IR CHE SRR ES IR A 6.10%0/1000
m) (K 5-3a), XA Re 5 AW U T 7 96 I AR pi i bRk (¥ i 9y, S2AIKIE
R F P4 sy LA A0 5o A 2 A P S ) B UK o AR AR VA A I A AT E 1 L X T bR 2k
Poh, X B LA TR BNEY R A KA A AR PR, BT LA MR A SRS AR AL,
Wi 51 A s Wk K AR B AR AR 2 T e 81C RN B WA k. Li er al.
(2004) 5T T S h AR AL AR AL IRl 242 Picea likiangensis R Picea
asperata 8°C {HBEIFRMZSAL BB, ZRALIEEE 53 54 5.7%0/1000m Fl1 5.8%0/1000
m, SAHTTRE R L.

B& 52 ANFEHK KPP 85C (B P 88 e

Table 5-2 Increasing extent of 8'°C values of plant leaves with altitudes from different study areas

Yk i bR AR 51 FH3CHR

Species Type Region Increasing extent References

Abies lasiocarpa conifer Rockies 0.91%0/1000m Hultine and Marshall 2000
Pinus contorta conifer Rockies 2.68%0/1000m Hultine and Marshall 2000
Trees average - Major global mountains  0.92%,/1000m Korner et al. 1988

Forbs average

Populus fremontii
Populus angustifolia
Salix exigua
Metrosideros polymorpha
Larix deciduas

Picea abies

Evergreen Major global mountains  1.23%,/1000m Korner ef al. 1988
Deciduous Southern Utah 2.80%0/1000m Sparks and Ehleringer 1997
Deciduous Northern Utah 5.30%0/1000m Sparks and Ehleringer 1997
Deciduous Northern Utah 1.80%0/1000m

Deciduous conifers

Evergreen conifers

Island of Hawaii
Switzerland

Switzerland

1.99%0/1000m
2.17%0/1000m
2.53%0/1000m

Sparks and Ehleringer 1997
Cordell et al. 1998

Brian ef al. 1998

Brian ef al. 1998
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AT AN R A5 B R PR 5 Bk [ 35 21 bt iR A B AN, &
REAAL 5T GREA QA J—4EI §°C RS T o g W0, i % e
AGRARMEY) §°C (BT BEER. SR, F— SRR R Rl BE ik
AR LA — 30 Korner (1988) LLAL T &ERAFMEYIF 1) 8°C (HbfidEk
(7AsAY, RIRAEAERTG P, AR AR A B 22K T AR A (1.23%0/1000m vs
0.92%0/1000m)> (5% 5-2). SMIIEE R, ARG IV AZ B 138G D
BE IR, WEREARIRZ, SARP O & T3 A, iy HLIR 2R s A )
AR e — B XA e B R AR R B 0 AT 58, Kormer (1988) WT9TH
KA TP IR 2 BT 4000m AR, 1R 3 1 FEAKE Y 73 A (1) B a4k
71 5600m LA bo ATINA, FETRARAMMMEELL b, BAZ A 3 R LR I B85 [
P I7) 45 2 A o) B AR AL ) A L A 285 65 R R T 3 FRD 56 1 S W) 4 R TR A i i 22
R K FAEMRG LU P X o AR, TR A S A RIEMIR R, Aews
TP AT G FORPRAE T, AT PR SR A0 1) 8 2 B S o T E R SR A A
Yy, BEHER AR A I R A A 25 2 ) 2 B IS TR R AR o IR
PG, BT CABan AR AR IR, BT LUK SRS IR AR A4,
IS 4 W e T[RRI PRI E AR SR A ) o TN T ARG, 7EARZL) b
Pl LI, REACR ) 1) A B A 2SR I 0T B335 P4 o) 1A X BRI A Ak BV 122 4% S 3
e 34, S TSN R AV BRI S5 R R D BRI R AR AL TR A Y, KSrner
et al. (1986) 437 T i o8 2 g B JR B30T LA [F) R4 1) e i 38 L B IR
DA s A TRbR , IR AR AR AR B 35 K, T AR AR AR de /N o St |,
TEAATTH B ST P TR o A fE AIRIHEHR. (0-300m) EHhiEdk (1100-1200m), i
BN S3 A B SR (1500-1700m), AR 2 S g 3R T R 1 Lo I TR A I
FEANBSARG T AR A, 17 de R AL P DA B 202 S 3 i B 40 K 3
R, RA AL AR T AR o 150 B T A 1) A B AR 2R 0T B 355 1 ) B AEG
TR BT AR I R B v 1 B AR RS, DR ARG B
PR IR FEAR AR A IR FE 5 T AR Z AR 22 5 AN K o IMIHERR 24k 1000m (¥ 15
ZE U UK B AR A (1) A AR 2 2 FR AR I AR A ] b /N T2 AP il 44 31 AR 500m 1)
2RI AR LIRS o Cordell et al. (1998) 5T T Metrosideros polymorpha My
T B IR vr 32 4 BB B (AR AL, R IRV R BB B Ty 81C i
AR B FEAN S — B0, AR X B AR T s R X, AR T RS RS
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O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

JRL AL FE , TS MR A B T e S BUES RGURAERIZUAR AL, T HiX
FAR A SR AR LRI, FEAN ) DX Ao [ PRI PR B AR AN 23 5 DS AR 24 R G AR [ (1 i 1
ARG S5 RA T, b T PREHh DX P (1) A B AR 28 24 ) e R PR BE 1R A8 A Al A
T, FH T2 (AR I DA RT A 55 (  JS i AR B R ) o ARRAHE ST 45 AL 2 4]
A0, LURIET KA RIS LA ALK LR DL AAREE L E ] He o #ridt— 20
BAIE o

MR 4170m F] 4370m, SRKAGAAS §°C 8 e & 1 Sk v 1 S Al it
DA IAR A e, T ELAEAR R PR ARA 4P 5 B 8 s T A AR v Ak
Yy, SR T BRATMRGE, — 7 R W55 LRt DX 1) A A7 BB TR AR 3
2R B ALK AN AL AR B, 399 PR B S AR 4, 257 AR AE ) A AR S Ty e (Rl
KPR IR EMEAA . ST, ARERAL TR AR T v S T A R
WA, AR KRR BRI T K S (R B A, A e TR AR RO 7K 43 il T
TR T REAR S AR, 381 C (R H AR I T s e AR A
§13C B B3 N W ZEHEHR B 4370m Ab/K 2> W B s TR AR . IR
MTAA AL iR, RIS 5 VA A2 (07K 4y e B S i, A <L 53 R B
aALICH, AT 81°C (BN wT ik R TR R R R 7K o el e PR T
AL 3T, T HL e b S S (0 B A AT /K 3 I A R BN ], T PR AR 110
KRB FEAKEY TR, — 7 10 e B B S T AR N (17K 53 B TR oA A
35 T TR S AR AR R, G T DGR, AT L
P (AR RGO R W, RS LR EAR AR AR 2 1 I 0 B 1
TR AL TRAIR N 3980 1, (R A KT KAy B IR T Ta N, & 5-3), 3
SRR AR INVESNRE ST, P T /Koy B TR0 ORISR SR 0 I i X ) o A=
FEIRET o X 0] B o HIARRE T A e R b X FR T K A (R BR A, A v KT AR AR %
EARBEAR D) AR

Gieger et al. (2004) W57 T Canary & 05 Teide 111 BkAR £ s X = R4S (Pinus
canariensis) TEARFITHRZENTSC (E KM H KBB4 LA
251 [F) 07 28 A RIS B AR T i T v, UE S R T R R DX R T K o 1R
Jall, FECIALRPN R T A A . Li er al. (2004) BFFT T H B
IR XA A A2 W i A B AR 25 2 R AE B AR (R AR A, R MG AR
(3600m) |k X (3900m) [E/K B T = (1), AEAR i ]l 3 T L v il
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P X (T S IENRFAE, 1T FLAREIS P C I, F SEAE sk XA AR K
YA . SiAh, AT TT A =N Hk4190m. 4310mA14440mAk 2 4EH: (4
AR A S A, B E R A HEAT TR 1 AT R, M4190mE4310m
H P 813C L8 T i A, 389 e 3 482301 5.0%0/ 1000m, 117 43 10m%|4440m, - H8"C
(B3GR LA /N o F7 A ATAEAS [RIE AR ) (RS AR B AN ], 3R] R -5 7 R A v 82 B
R B O, T B s AR A R AR M Y, R AL R R R (A
WRCRAR I AT = 0 10m, 9. 7mA6.5m, i bW s AN I 2m), A% w5 11
B, 5035 T 5 B B KRR, 380y R0 3% BE I BRIt 82 P fiG . X
WAEUE T VAAZ T W i SR 7K 23 e, A AZ B e A A TR (] B s s, n
RT3 B R WA, T A s A AR A0 A AR (1 7K 43 Jilh 3
Jill o TTASARA A B )R BEAMBEGE T RAOK I O BERE, 5038 AR I 3
J& CRILADRAD ), AT R LARE— PR A AT 2 D7 Bk A i L e T A2 (7
Bodsy A #8iE4500m; AA20 A 4370m).

4.2 MR EHEER S 7

VAR B 1R AR A 25 30T Py G R B A 22 P TR AR Ak DTG I AN ] PR AR A7 3A
i, ROV R b . AR, BRI T, SRR L R
A NN, BRI S GEARM AN A S, (FRRATIE R B 2%
S, WA S EHEAR LG R R B W WA . B, M 4170m F
4370m, T ERREAR I Fr G AR AR R /MK, AR R B R, 4370m
DA FRORE 4 FIRE A0S I IR EG I TR 238 B AIRIYD, IX R Re S5 5 4 1 5 7R
eVl AT, BB T AR NI EREE, 6RO H n T Bl AR KN .
&, IXFPAE L FAAS Kormer ef al. (1986) ki (AN [ A= 3% AR A (Vb4 43 5
FEARTP JE 1, IX A ]I ESE T FRATT U AL, AR X EAR T REA S A R I LT
ARSI AR A e 5 et T AR B, BAAor o 6 ik 20 R 55 B AT W W PR
AR, T LA AR PG Tl VA T R o 2 52 2 Ll TR AR ) 5
HRYEA A8 0 8T W R AL, SEAR FSCFE T AR 4E B (Vitousek et al.
1990, Hultine and Marshall 20000, i A FIBIF5E 8 BIAYI Fr 808 i S R A IR I
HIIEAR SR AR, LRI BEAT AR I T e 202 2 o 2 PR N %) (K Srmer 1989, Sparks
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and Ehleringer 1997), 1y HAX 8 I T GeJ2 AR YER, e ol (IR R B 1) A
TS R A A (1 B T R 0 OB S PR B, AT S 350 T 5 e 1 1
(Hultine and Marshall 2000). ASHFFEHIYI Fr EEIE TR B TR 260 S ol 25
It VA (B 28 A 5 B AT VAR B T R AR G, AR A T IR AT 5 A 320m 11
Wk 22 BT DU PR BE AR AR A IR A, (0 A B 0 R Ik 21 2 35 1
E5o

PR IR 2 25 AR A 5 B AR AR Ay R IR « BE7K L DG R DL & 88 TR
(e A5 L B2 195 R (Vitousek et al. 1992, Cordell ez al. 1998, Luo et al. 2004, 2005,
TKAREE 2004, Z=7K4E 2005, He et al. 20060, LLIH IR AR 4k 530 B AR A0 & O
VR (AR A H A B (Korner ef al. 1986) . 1F i Hk H X 41 e FOMIER 2
JEE S5 PRI o i LI TR R B (0 BLRZ 5 IR (KSener et al. 1986, BIYELIHTHIAR (1) T B
[ S e T R4 L EE 48 i (Williams and Black 1993). I F 5L 8 1R 48 ip—
JiTH S R A TR A g )14 % (Friend and Woodward 1990, Kérner and
Diemer 1987), HA| T @itk X A GG 1ER: J—J7i, BEA& W Fr R
SEN 5 HRAE e LLy DX AR () AR AE PR B SR AT RN, B i, AR R,
XAPBTAIRE S0 H A IC R T AT SxREA L A /E4370m 55441022
() (1) 4 25 V22 e O U TR AR AL, T ARE4k4170mB|4370m, 38 AL
WHE1°C, KR RABAE L C Ay, AT S8R AR, R
I T AR B TR PR R0 B 20 T 3 0 S B IR B I PR AN [ e

4.3 Y 81°C EREERAR B F T

TR 8C B S T CO, T RAGS 2 Tl S5, S5y I3 CO,
WIEH HARKRR . COp TR IRWAHY) G 5 RE K555, 110 CO, it S Ay Fr
AL . RS EAZRNO N, HPEE IR, X COy 1T
SKIGI, R CO IRFEERFIG, Xt PC ML, Wea i §°C
BT R, SR MEAR. WERAEADDE & BE N DRFF AN DL N, AL 8,
T S COLIREERS N, 33 PC MBI N, Sea7=Mm 8°C (HIAK, [FFEan
RAALT VB, MDEA=I 8°C ETm. (B4R ZHUE R Rt ot arae s S
SALF B DRI, IXAB IS A7 81°C (AR SR R A1 K T IR,
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FLMTR R PC MBI R EN . KRR WY §°C (R AR —
JTHSAREYIR R GBS A HIEMOCR, i1 H 55 72 AR B AR RE
WA G . TR LA )y A A ST i 8°C (K A5 4L
4.3.1 HEERIE

FEAISC BRI HAR S IS R T H G R, OB sk T e, K
WHRE L MRIE L PRI DL COLIR P 43 R AE W LI AR Ak, R 8P C Ak S
XEIRBE N A IR IAI S R (Edwards er al. 2000, Guillemette and Stephen
2001, Marshall and Monserud 1996, Marshall and Zhang 1994, Sun ez al. 1996). %
535U TG s, EEASE LR R . T ARRE T RCE R
FE A 200mIr) s 28, T SRHEAR B A 320mm 72, T LKA COKE . KA
Fe F3 UL S B K BATTIA N S BT S PRI, AN xR 8 AT WA 2 ¥ 5%
M, BRATA A 8 CAR MM IR 22 5 - B2 <l . L0 K H R P 1 3
mi, N AR X LA T AT 0T o A S DS BTk, iR 2 B R R i
(R T B B R8OGG A FH I 1038 Sk S M e ) 57 354 1 L8348 W) g s i)
W LI, DL KA T IR B R BN TS R TR 7K 2 R, AT 5 b
Pyt F (18 CH

PREGAL, T3 PT BB SE M A 1) 7K 43 R AR DG, G 7R PR 2 DX A 1)
59 T HYIK S 1A . INFRS-3K B, AIE44k4170mBE444370m, T H59F- ik
JEEFNS5~9 F 453 1) - J Il R 3 B S BARAER ), 1T ELS5~9 J1 0 PR AR Pl 8 22 v T4 P 3
THERR . SR, TIPSR R UL 5~9 F 3 I - 3 R B R i
TEEI o ASHIESE A R B4R 41 70m K KRS, (HERIEAL Sk, ik A
T 100m KL T B 0.6 CHESRT, M4170mB4370m B AR 1 CRL F.
AHFFTRII Fr 8 CAE Bt Ak T w0 5 KL e S B (M P AIRAT ELEC R, (H
FRATTIN Ay B AR PR O/t 8 R 3 B = 5 i 1R <L iR R e
TEFIE DT o SRR EE I BEAR W] LS MR I P PN S AE A0 D15 4 FH o 1 A A Bl )
W 7 ARBE IR SR ST AR A B R TR, X
AR A3 R AME T WS D) A RRARG, 1 ELAE v Lo DR A2 T D' B 1 P X 8 Sk
7o BT IR R A, TEMR S M X R )06 A B ) B3R T i A A0 2 AN K
(Kérner 2003), 252 2 MW AEAC, AT H IR T IERRT4T, 1 3E s 11
BBtk T i AR S5 R B KA ) 2 1t SR IS & %4 (KSrner 2003, Hoch
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et al. 2003, Hoch and Korner 2003, Hoch et al. 2002). BRI &, KAURE—J7
T HHSE AL TG AR AL S N FEEGE G (Smith er al. 1984),
57 THVSLAR A Kl P RE A S M 35 R -3 v, AT AR AL 10 7K o AR Y
T ARG PR~ 380 88 e 8 5 i A L R 2 () IS SR O AL B ) 7 R 1
RN (Smith er al. 1984), I T VR @K AR, AT LA 3 ALIK
KMo XEEFLMINS mifE kX, JC R AR DR T AR o A, R
W READG R HHSE WA (K6 G VR FRVAL S BE, TR 2K 43 (R AR Rt A B2
S, AT ) S A A i S AR (REILER /N ) o AT IR
4170mE R 4370m, H RPN 5~9 IR &I (385-3), iR
ali ]\ - S B R 8 PO S S 1S, AR ACE4370mik, FEAIH 8Ol
JVAZBRAR I, I SN ) B8 A e, % B R L SR B 1 o, AL el TR BR A T
IR R e T U R A7 AE 7K 73 Wp i (Magnani and Borghetti 1995)

R 5-3 AN[ElEAR L R M AR A

Table 5-3 Variations of soil temperature and soil humidity for different altitudes

HEZ) b R R RIS 5~9 J1 oy T35 5~9 Hr T3 g
Altitude Annual average soil Annual average soil Soil temperature Soil humidity
(m) temperature (C) humidity (%) (June ~ September) (‘C)  (June ~ September) (%)
-20cm -40cm -20cm -40cm -20cm -40cm -20cm
4170 2.01 2.00 14.39 14.98 5.86 5.53 20.26
4370 1.46 1.19 23.37 23.39 4.71 4.10 32.56

4.3.2 LR TR R

HAREA I 4R 81C (5 LE I IR EF I DGR (P < 0.01), T1fi
—AENB A A FIAHK IR CREEHEAR: P<0.05), RWIMEA §°C (bt ik i1
05 LG TR B AR (A AR AT G LI TR 81°C ¥ 5% i 3 ILAE Ay T«
— LURTAREAR A iy B RE R, ARSI 1 KA COy HEAI: oA 3 1 25
(CO I B3I, MMAEREA I 7 A EEIK CO, i TR, BRI F i)
CO, I} AR, e TET PC A PR, A 8°C T (Vistousek e
al.1990). . BRI T AL A AL AR S A E TR AL B, B
BRI T Alg L3, IS TR PC 1o, it A 8C (TR (Hultine and
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Marshall 20000, LG I TR B VEE4R 1) T il A2 A SC b GREA T B 81°C fEAE
WX BN R A, AR 4370m B 4410m, BARIEIRETHEK, (22
HI T B F TR IS, DG, G T IR, 4410m AL A KR
THEEREE 4370 AN ER 1°C, LRI REE ERAZ S EEAN
81°C MHMIBEA%, W S5 4410m MAFEM A §°C {1 4-26.63%0, Lt 4370m
(-26.90%0) 11 0.27%0 (3% 5-2), 1fi—4 MR EE 0.43%. (3K 5-2), XFAALH]
R RE A F Tl HROS R 1) SR S e T AR A P L AR AR A, R R
COy BENM AR ES, iy HAAA7 AR EU B & s 1 I CE M & 38 D, A
I 8C T, X R ALE AR L]

ATAFRR R A B G R EUR IR Bk B 93,
RN T B A AR 3 T 0, X SR VE TR B N (Kormer and Diemer
1987), M58 CIERIING HIEX R (Komer et al. 1988, Luo et al. 2006, Li et
al. 2006). M. B E 58 CIEZ MIAHSHE & BT A B A
MRS . KRR ESE LIRUBPHES, 4¢3 DU S 1 56 & 18]
AR AEACEE R IITE AR, IXLER 438 DL A Ab 25 R 78 02 55 A A R BB A
ARFR, Prohmt a8 & SRR 2 0 6 R 2 1% 3l A7 7F 1) (Field and Mooney
1986). B SEIAME . NADPFIATPI AT 03, BEIELZ ¥ i S EUEY
AR R (Ciereszko et al. 2002). S A= (T 572 IH I A1 [ A7 25 24 B
B EEERIEMEKEZR (Luo et al. 2006, Li et al. 2006), FATHINIFTE ] H
SRR B S8 POl ARG R, M EEIA. R 587C
HASR, X 5Kloeppel er al. (1998) HIBFFTRE 8. AT, KRR
HOPREE A7 AR SE M T 3 Z MBS &R, 1y HAE S S AN O BRI &
EFMTEOLT, A e et &, B E s S e AR & C R,
RURAE A TR EEA AT T, AR K30 73 S FH KB BSU At i e LB 8 T A= 2 2317
JERE, 5 T AP LR BE RR DKEE S R I UAR %5, 53— 7 Thi m LA
B 1E7K 3 R, B LA A e IR o3 o i DAYESX R OL R, SA07
A B RIS IO 8 A R WA A RE ) o AR LRI AR
FRIORFTERIL, MRS RS PCH R FAHIEK R (Vitousek e al. 1990,
Hultine and Marhall 2000), AT HEIX A GO ZR AR T 7 8 L& iy 4. CO,
fEIE A s i 2 2R . ABFITH, HEARIS POy 5 L AR 2 S G, H
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5 TR BRI S AR O R B DO R AT — 8kt 1 A8V Cl
SRR TR (9 IEAE DCOG R = B2 th 1 5 U IR 1 S DG BT 380 CRRAr TR AR %
P =7 T U A/ LU TR, W L I T AR (I B AR Ak i 8P CE I
Wi 2 T B ety R, AT AR COL 7R I PR 0 140 A i 20 98 o v A3 800S
BC BN, 2R T Vitousek er al.  (1990) Al Hultine and Marhall  (2000)
(DAL 534k, ARIETERIS  CHE 5 5 b S AR5 R MR S B I8 AT 5 A G
KR FR . MFRARS CES TR 2 S SR AR MAE A 5 5L 1,
A DG A AR OCE, T HL LG TR BEHE 4k (0 A B TR B W V2 5 o SiAb,
SRR S R B R CAROCC R, DA AR Al JE AR A X
TR &P CAE BT HR 1B B AR A ST K T e, ] g5 FRBE IR 1 11 A2 1k
A HEBR, MRS BRI N, iR 3 E0E i 5 w7k 43 IR B AR R 1) A i
T AE R ) LE i AR AE AT 7K 53 1
4.3.3 Sk MARG MR SRR

VFZ B N AE WAk 27 R e o A 8 ) e 25 B TR AR AR AR R AR 481 C
BRI Taggi er al. (2002) HIWFFURIL, A RKZFHILFEMSHIR mETEm &
i, 0 AL 8 PO AT W B R, SRS R AR AL RE S AR A bR 8 PC
{EBE = 1A o VF 2RISR SR 2 1 S T PRl & B = A B R 2
(Oleksyn et al. 2000, Jaggi et al. 2002, Scartazza et al. 2004), 45 Hi 24418 CAi b
AR R, TR S B, JEE N, MAEATE TR EIRAGK
¥ (Oleksyn et al. 2000). AWFFTRY, ek KAES MK GY (NSC) & &
HRAETEA LR BT 2 I s, (RRsf B vz, Mt
AR R R B TG B R A . T A DG TR B, ek ARG R B i
[ B A ATATAR G, WIS C {E AR Ak &5 /D S AR IR BE L (128 4k JE 35
VEM B ARG R P 2 AR
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BAE SESEMMEEEY 6°C EREEXHEREF N

W WA CRRKBEAS) SR GREARFERSRITEMALRS) A
SRS A SC (il Lo TR B R R SR T AR S B (Niass Nareas Prnasss
Parea )~ VEM AR S5 R PR B 5 o BEIBCRE & B 1K) 0 AT, ST )2 e B S i o A
A TR 7 3% 2 B S A S DR R A b P 5 S O S, G 5602 15 g /K ) BRI
¢ (Hydraulic limitation hypothesis) SKAREFE J78"°C (A je )22 i JE (AR AL ARAE
B BORE R R I3 I, =AM s e (X BN, AR (AR
AR, AT BEI 81 C AR b 3Bl (¥420.18-0.20%0/m vs FLRSHEA
0.16-0.17%0/m), Tfif H.#- 44 et J2 1B 1R AR Al 3R R], R BIAELE 7K 0 BT 4 3
AR W, S E A B i IR S ARG PR S VR A
FAA, RWDEA I B AN e R 8 P CHY R w1 R B ARk . B2 IR R
i, 8C {H5 MR A, M SHA. B ER AR, S &R
R PR S R ARG R . BRI, ML A e ) B 23 e A 1
WA oE T8 CIARh,  Horh e 2 i 8 K 7K AR T T B 1) 7K 34 2
§UC (AR B IR 7, DLHIAE AR A% R (KR Hh DX R A AR 1T g
AEEAK O, JEIRE R BRI o SAh, R AL RO AR B, =4
YIRS C BRI, 3 W w i R AR IRLT 7K 40 A6 [0 5% i I A A 2

1 5]

il

Kloeppel et al. (1998) iAhy, {EmMGEHRILX TR M 2, Koy Bgaen
SR A AR E BB T, BRI COy ¥R IE S AR I /2 FR AR 4 21 KA
FEAEI BN, BT LR AN AR )RR S A TR R D i 8PC Ml
NAZBAT WS AR S, 5 DY FRAT T o B BEA (] A= 35 2 22 T PR A E Bk
[ R AR, AERE KA 7e 2, K AR v (R 55 B A A2 R e A
[l Ay BRI 8°C (AT W NI, i FLRRA b ] () 2 5 A2 L e T A S AR 1Y
A, RWIAS R AE TG B2 A AE AN A (R B - KAl B, BN R ARG 28 Ad . O
FORH S AT IR R SRuE AR, R IR 7 2 i) A K BRI A 7o 1 —
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BRI AR §°C (R AR 5 JAat R — 5 TR WAk
DX TR AR BS54 0 8 LU AR S FEAAE A AR E 5 — 5T, ARG AL T ARy
e s i =D e = S WA A W N M T & i = i 7/ S E R VA SR 4
&, T REHIZI TR AR A L AR S EAT . h T HE— DR i K S
ERER, A7 b B R MRARE AN [RIORE e B (17K 70 R PG DU BEA TR 58 KA
8"°C ML AEME A WFITI /K 53 R PR 4R it — A1 301 B (Koch et al. 2004,
Ryan et al. 2006). —ficH, ek J2 iy BE G LG 25 5 DR G IR K ok AR AR AL,
[ I L ST = AR 1Y) COo YR BEMA B LA K e J2 A B PR B8 A8 A 5 1 PR i PR AR A
BAEAR KRR b5 56 2 i AT G, IX 6 A 3 8 v e S s M AR A I Ry 1A e Bk ) o7
2 LU AR Bt 76 2 5 9941 (Le Roux et al. 2001, Buchmann et al. 2002, Niinemets et
al. 2004a, Holtum and Winter 2005, Duursma and Marshall 2006). /<% §°C {H{EA
[7) e 2 e B 1) 43 AT A A R 1, AR NP IO R A v 2, AATEIR K4
W (Niinemets ef al. 2004a, Duursma and Marshall 2006), i H 24 /7 AT 5T %H 15
H—4—1458 (Duursma and Marshall 2006, —J5 T F TS [/ i X AR AL f)
JE AT R A, 53— 5T, ARMEDX 43 8°C 6 J2 I AE b 15 6 B KK 4y
BAGHISCR, BN T 2e 2 1, e A oAb, s e —
T 5 8C R IFMIZE5E AR (Le Roux ef al. 2001) . $5clr A (0 I B %
WA, T AR $<2.5 IR T4 ok B T 1 K DA AR ARG, LR = A
[¥) CO, X5t J2 I §1°C {EL I r] L2 AT (Buchmann et al. 2002).

AT FLBATAE T AR B B AR AL R FIRR N 1 S HEAR G4 AL
SRS ML AR %, T AT I8P C R AIAR SCI R B AR 45 A Pl
G, WECAS RO A AERE S P C R B ERURE e B (G A A, IR E R
M8°C AE AR IR SR IR B FE A5 PR A G5 R P S i 2 T OG 3R, LU0 IF B
FEEARAK IR K g BB 3 (Hydraulic limitation hypothesis) A8 75 AR H-6"2C R bt 7t
JZ BN AR A o BTHCI P AZ RHS SR RS AE T W] (R V& oy, i HL SRR
AATAEHRT . BATAR, WRIGHZ NS C W =1 LT,
TE AR SPC AH KA PEIRKS H I 1 AR, TRIAR T 3 A AT
AN RV ERCRE v BE TR BRI AZ R ANK, 813 R B DG bR BV 1% JE W Sk )
F AR ST, W EE AR IR K S AR A RS C AR
PRI T, AR SRR N Z AT HIFI8C BB 5 (K728 1k #0284k,
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W RE CEN AR 2 B (8P CAR L 28D, Kk 57K 43 B 7 34k o6 1) e FE AR AL & —Fib
Y FE R R AR AE L B (Ryan and Yoder 1997).

2 MR RHZE

2.1 FEREIRAEE

FETFERIL IS RZE 4170m. 4280m. 4370m b (=ANREEE) S EHUL
B BRKAAAS 3 1R, WEREAR GR4FRSRIEMALRY) 2-3 bk, A2 L.
iy N EREORE, AERE 0-5 AR, T SRR by N E TR, I
AR % 0-2 AFEIMREE . FESCRER S T4 H MBI b o~ T 1 208, 2
JEAESER = T 70 CHEIRAE h L 48 /NI B, FUIHUREE, i 80 H fiik
RS

2.2 BT

P A ACUE B [ 38 Ao B PR L2 DY 3
PE IR SR B B SR e ARG MR AL S R M R LS

2.3 G

K4 LASPSS10.0H /T 45143 #HT,  DAMean = SDEK R AN [FIAERS KB 5 2 1] 1F)
ZE 5 XK R T7 22 0007 5 [R) IR 38 AP0 A ey o [ 67 3= PR 2 TR0 e A8 HL %
i o 557 BT 0] UH 23 B R 0 RS ik [ 467 28 BUAE S AR SR IR Z TR SR R o )
R e BE VAL NRE AR 2447 A ek J2 18] 1 38 7 23 ) B0 R 3R 077 22 2 M M ST
ARTRI AT 04T

3 &£ER

3.08°C . MR, e R AR SR TR A R B EURE R B P AR AL R

% 6-1 [ 6-2 FRWIAFEIR AL BREA AR §1°C A BEIRE i B2 1 AR A
P HIFIIR, (A R 2 A A S B WA R T vt R T N (), 7 i b
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VNS S RE AT J2 1B (R A A P e K, R AR AR P A AN RV ) Ve A S 3 2
(P>0.05) (% 6-1, 6-2). PIGA R AL —3IY, B =GR
AR — AT 0 Mt e 5 2 53 W7 35 W ek J2 BOURF: i J8E A A2 B E AR - 81 C
(AT 22 5 0 Bt et 2 000 B (¥ 388 i 1 81°C (i B3 T (P <0.001) (3 6-3),
1 HAS R AE T (AR 3 — 80 (B 6-1a, 6-2a). AAZIH BT THIR 1A 42 1k
5 (Narea~ Parea) A EGHHTHIAR (SLAD FEAN [ HRORE i B2 [R) A7 5 25 1% 22 57 (P <0.01),
Narea M Parea REICEE 51 BE H3G 0 A5 (18] 6-1e, ), 1fif SLA FEE (] 6-1b) 55
RN, ARG SLA fEd 2 A 59 W 2= 5+ (P =0.041) (5% 6-3),
7E5 2 AT B (] 6-2b), 1 Narea F Parea WA 235 22 5 (P >0.05) (58
6-3, B 6-2e, o HALKHGHER AN EREWE T E (Nuasss Prass)~ TR R
SERPERC S EEAEA RO s L TR e W 22 5 (P>0.05) (3R 6-3, ] 6-1c, d,
g, h, B 62¢c, d, g, h)o ANFAFEEE I Fr PR A B A e 2 ) PR AR A A
A8 (B 6-1, 2), i BAS R4 o B AR e 32

328°C . MR, SRR TR S BB T R AR

BRI IR R A i Ah, A SR SREEA 81°C (KT M HR AR AT
ANIIE Hp I8 AT B 2 S (R 6-3), (HRILH ARG A A —FEI. 8C i,
SLA. Ninasss Narear Prmass A Parea B A IS IO RE INITEHT FI% (18] 6-1a-d, f,
Bl 6-2a-0) 0 WIZIT HiE b MARGE B S W & SR BLE BTSRRI (E
6-1g-h), T SR BEA TN SARGE MBI AT AR AR AL, — SR ARk
BEZES (F 6-2g-h). BRI 8°C i HH-MIR SRS kb & B 8
AT (R 6-3),
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R 6-1 AN[RIHAR AT 622 e A S AR §1°C (. R gyt FAE K 87 C fHbt )2
AL RE. * 0.05 (1 52 22 57 K1, AR 8 i AT ) 7 BER s g A A 2 25 2

Table 6-1 Effect of sampled canopy on 8"°C values of current leaves of Abies at different altitudes.
F value and variation extent of 8"°C values are present. * P <0.05. The same letter followed by

variation extent indicates no significant difference between altitudes.

IR (m) F {H AR S
Altitude (m) F value Variation extent
4170 6.93* 0.177%o/m"
4280 5.94%* 0.180%0/m"
4370 7.21% 0.196%o/m"

R 6-2 AR TEE A S AR 8C . P o, P& 8VC i
bt e S22 v 2 AR AR A 2. AR MR JBE 2 i RV ) 5 BER 7S TR TR A 35 1 2 e

Table 6-2 Effect of sampled canopy on 8"°C values of current leaves of shrubs at different altitudes.
¢ value, P value and variation extent of 8"°C values are present. The same letter followed by

variation extent indicates no significant difference between altitudes.

HE (m) t{H P1H AR AR
Altitude (m) t value P value Variation extent
4170 1.286 0.246 0.155%0/m"
4280 3.157 0.020 0.164%o/m"
4370 2.450 0.050 0.171%o/m"

69



O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

R 6-3 W AR IR R RERS 81°C A, SA ER, SR AR A B, A R, LR,
TER S AR SRR T 5B S I R OB 3R 77 72 3 B 6 2R

Table 6-3 Two-way ANOVAS were used to analyze the effects of needle age and sampled canopy
on 8"°C values, Niass, Nareas Pinass» Pareas SPeCific leaf area (SLA), starch and NSC.

0 2 b A HORY: e R AERS < HURE
Leaf variables Age Height Age x height
HI HERHEAR H1 WEHEAR  AK HARHEAR
Trees Ever-green Trees Ever-green  Trees Ever-green
shrubs shrubs shrubs
Flfr Z A 8°C value  3.307 10.99°" 23687 3096 0.24™  0.95™
HAE R Nias 121.167 24447 1.01™ 0.38™ 0.81™  0.08™
1\ 1.05™ 3.23" 49.75" 0.29" 0.64™  0.13™
T Poas 83.04"™ 4459 1.01™ 0.06™ 0.66™  0.12™
M P 10.87" 14907 28.61° 1.15™ 1.02™  0.17™
bt Al SLA 23.92" 22,99 27417 3.425" 0.42™  0.29™
TERD Starch 6.117°" 3.79" 0.77™ 0.16™ 035"  1.13™
e KBk NSC 29.16°7 1106 0.66™ 0.50™ 0.58™  1.26™

gy FAE. *, *=f0*x/3 I FoR 0.05, 0.01, 0.001 (1 5535 22 5K P
F values are present. * P <0.05, **P <0.01, ***P <0.001.
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Fig. 6-1 Variations in 8"°C values (a), specific leaf area (SLA) (b), Njnass (), Pmass (d), Narea (¢),
Parea (f), starch (g) and non-structural carbon (NSC) (h) with needle age and sample height for
tree. Data are mean = SD. B Upper canopy M Middle canopy [J Lower canopy
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Fig. 6-2 Variations in 813C values (a), specific leaf area (SLA) (b), Nmass (c), Pmass (d), Narea
(e), Parea (f), starch (g) and non-structural carbon (NSC) (h) with needle age and sample height
for evergreen shrubs. Data are mean + SD. W Upper canopy [ Lower canopy
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3.3 CHEMAMMIR. W RIEEHERSERNRXR

AAZIT R 81°C fHA5 LU AR 2 53 SO (P <0.05) (& 6-4al), ifif 55 f
FREE BEE R (Nmass, Pass) APAZHIFAE L BEE i (Narca, Parea) R IFAHK (P
<0.01) (K 6-4, a2-5). HACHAE . WS =S 67°C MM DCHEZE] B o 1o pr
AL BEAE. AR 81C M5 AL BT R (Nuea, Parea)
AT ERE T E (Pus) BIEFSE (P <0.05) (] 6-4, b3-5), it LA &
PN B A B (Npass) LRFLLR (P>0.05) (Kl 6-4,b1-2). NERAIS

JEHGEA, T 8PC I e ARG MR S R L B E LR (P>0.D)
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Fig. 6-3 Relationships between 8"°C values and contents of starch and non-structural carbon in
tree (al-2), ever-green shrubs (b1-2)

73



O A% A e LU PR AN [ AR 3% AR ) 81C A SAH O A AR A5 AR 5T

90 100
2 _ - —
60 | o . =0.0505P<0.05 90 L °p r*=0.0462, P=0.05
3 _ o0 i o o
£ 3 70| 80 % ..q
8¢ 70 | ¢ %
] 60 |- & © °
= g o
+ -
52 % 50 | e o
40 t+ 40 .....
(al) (b1)
30 1 1 30 1 1 1 1 1 1 1 1
32 -31 -30 29 -28 -27 -26 -25 -24 -23 32 31 30 29 28 27 26 -25 -24 -23
25 25
O 12=0.0598, P<0.01 ° r?=0.0093, P>0.1
°
[
20 | 20 |
2R x’.&
< S %° ®e
I 2 [ )
w & 15 L 15 |
K Z .’ ® °% .
o L 10 * .
1.0 ® o °
a2 b b2
05 ( ) 05 . . ( )
32 -31 -30 29 -28 27 -26 -25 -24 -23 -32 -31 -30 -29 -28 -27 -26 -25 -24 -23
45 45
°
r?=0.2532, P<0.00 40 L ?=0.0771, P<0.05
40 | °
P 35 |
g NE 35 | 30 bk
23
i) = 30 25
o
NI = |
j@ 2,5 | 2.0
15
20 10
Or °
1_5 1 |(a3) 05 1 1 1 1 1 1 1 (b3)
32 -31 -30 -29 -28 27 -26 25 -24 -23 32 31 30 29 28 27 26 25 -24 23
0.25 0.25
r?=0.0634, P<0.01 ° |1~=0.0542,P<0.o5
020 | 020 |
ERo5 | 015 |
E g
ig 010 | 010 |
005 | 0.05
a4 b4
000 1 1 1 1 1 1 1 |( ) 000 1 1 1 1 1 1 1 ( )
32 -31 -30 29 -28 27 -26 -25 -24 -23 32 -31 -30 29 -28 -27 -26 25 -24 -23
0.35 0.45
o © 1#=0.1765,P<0.00 ?=0.121, P<0.01
030 | 8
N’E\N,\ 035 |
E o025 |
G
i 5020 | 025
1 &
# 0015 |
015 |
010 |
(a5) (b5)
0.05 L L L L L L L L 0.05 N N N
-32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -32 -31 -30 -29 -28 -27 -26 -25 -24 -23

R i R 25 EUAE. (%o)
5"3C (%o)

Kl 6-4 %42 (al=35), WERHEAR (b1 = S)FE i [l A 3% HU A S - PRARZ TR AR G OR R

Fig. 6-4 Relationships between &'°C values and leaf traits in Abies (al — 5), evergreen shrubs (bl —
5)

74



P 7NEE B i R 0] R R RE Tk ) 7 3R 2 M AR G AR PR

4 71
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Bt TORE S B R 0, 0 A0 TAS IR L I = A0 (AR KR A2 iy
SRRLRS RIS ARALRS) 1 81 C [EHIY BRI, AR §7C AR AR,
BT R I §1C ARALFRARL GAHZ 0.18%0/m vs AEASHEAR 0.16%0/m), T HLAE
AN TR AFAE AU AR A FA, e BAAAAE /K ) BRI A B 7R, i AR A=) 2 1 2
[ B, Py i SR W i A L S AR A R P B S v R I B AR,
RIDCEAE R FEAREMREI 81°C YW e (0 TR AL . EANE A4,
FALR, BT BRI S B0 A K o R R B R 5 LR 0 —
A FEEJAK (Waring and Silvester 1994, Koch et al.2004, Duursma and Marshall,
2006). MjeJZ NI B, BEAE ORI, K o aE A Bk
MIEE RSN, BT EIpsgmd, oK RAN R, KRR, AL TR T R
AL, AT I I8 COLCCOIRFE RS, 9D T %) °C 194318 Niinemets
et al. (2004a) ANy 5 )2 LBt B /K43 Fibie W 2 s+ R o Ryan et al. (2006)
ST ATABEEE R, feth T K BRI 3E (Hydraulic limitation hypothesis,
HLH) s 3 A 7R, w] AR — BB LA A R A 40 A 302 R 2SR P A e S AN ) sy
[ 724 . Koch et al. (2004) 71 HRAE BRI, W0 T IR JE N6
WA LLAZ AR §1°C Bl 7ed 2w FE AR K, I B A 138K 4 78 A2 (K5 00
F 3 e BB e ke (R K 43 b B T B A R B sk A S AR AT ARAN e
K, TR, R RN 8C IR A 0.10%/m Zidi. 5
4h, Waring and Silvester (1994) LUAS T H@ AR AN [F] ek /2% i FEE A) it (1) (R 7 25 L
A4k, Bl 3G N 61°C EI4IE A 0.11%0/m, 1] Duursma and Marshall (2006)
WS W 22 BT IR 813C AR AE T8 2 K 18 I B P35 /T 0.1%0/m, 359/ T ASHF 5T
[ 0.15~0.19%0/m, IXAIESE AT HE AL HH T AEARZ Al TR BR A 1 7K 70 B Wi i
JAE R 1R A 3 AR Al AN [ g B2 K 3 ol ] o 57 A1 B T 1) o P e
JE T 8C H AR (£ 6-1, 6-2), Wit MILE st b T
AR AL BT 7K 23 AR ST B e i A 7K 3 193 1) A0 B e e o J

Sy )3T, VPEHEIAE 81°C {H AR E A AN IR e B TR (K2R VA DN T et 2 A
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H 6 B B AR A (Le Roux et al. 2001, Zimmermann and Ehleringer 1990), [K
E 76 25 AN 38 211 i I i 1 i A= Rl 2442 4K, (Le Roux et al. 2001, Parker et al.
2002, Wright et al. 2006, Mfi B8 R K15 00 §1°C {1251k . Le Roux et al.
(2001) KILBEAT G RK ISR o R COL¥KIE (CD FFE, AT S 34t
Fi ity 8C LA e Yr 2 R KRB Ci 5 8" C A7 AR 1 IR 26 6 28 M 1T FH KA
RO 32 LU S OGIERT C R (H2, KEIIBETURIUN T — MR E DGR T
W% (PPFD) 484K, Ci 2 A2 (Wong ef al. 1985, Leuning 1995) . Le Roux
et al. (2001) LT Ci S5YGIGRAEZ IOCER, R Ci B G K3 s fi FEAIG,
EARATIIR) 25 A B T — AL P R, 5Bl — ez . bbb
HKT5E Ci, HEf6 81°C LI REMATE RS AT F R EAEAEIE ARG 2E . Thoh,
AN 7] 7k J2 s L 5 1) A A ] i ok 5% i A 1 [ T A8 Ak 2 BT i 85 C
. M2 PR B, A2 8°C (B EW N, L BEH AL, iy E
M B SO W] AR A T2 e AR e, ST AR B R
e (B 6-4), HEAR 8C HMNEURE 380 b g W n, i AR Bk Le - T AR
994, AT RS BT AR B R R E R (K 6-1), YLt
HEARITREA T P 81°C EAEA ) & P M AR I TTRRAN K . ABFTT, TR ARFIHEA
- §°C (5 L AR DG, H5 A R s A B A DO R
A7, W LG TR 6 2 B AR A I 813C LI 5 i - B i ol 4%
It B RE A K A 85, IR CO, ZEM B P i AL Haneh sy 36 i, 1
Fi UEBIK] CO, 3 TR BEA, e & S0 PC 1408 F B, 1 F 8" C 711 (Vistousek
et al.1990).
James et al. (1994) A0 7E fE SRR ZE X A7 AR K A3 e iy o ik 8°°C
B AR T e ARk LK ML AR . TR 2 mli X, KAl
AN Ik BRI AR KR AR AR 1) R B 7, H T LT AL IR R, BRI T AR
Z0 KA I (Magnani and Borghetti 1995, Li ef al. 2004) LA AEA T
I IR (Smith er al. 1984), 11 HAAKIKZ& W64 FH R B T ok hr g, Al
- ATAEAE K 23 B (Li et al. 2004)0 7K 3 B fEMRZE D R R, JEHE TR AR
PR s DGR TR, AR T KRS AIESE (Kormer 1998,
Sveinbjorsoon 2000, Grace et al. 2002). W FLFEHTR, MR 4170m FHEH
4370m, TIEERREE K 5~9 AR 2R (3% 5-3), Wi s g )\ 380 i
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SHEYIH 1 8C E RS, IBALE 4370m &b, R F 8 C {E N A% BRI,
XX 55 S B AT S, 2 B RISt - 3R R R, AFL R TR PR T K A TR R S
SR AEAEK S B (Magnani and Borghetti 1995). HAR MIfEHR 4170 )
4370m -HEK AR, 5 §°C Bl 2w AR R R BT R (K 6-1,
6-2) (A2 BHEARAZ A REFASEAT IR, Wi WA X 7K 23 WA e A i (1 R 61 £ 1
NS Y Sy WIRTE AP

TP (K CO, 0P C I BN S, FHREI 0 C AR AR e 2 N
(Brooks et al. 1997), AH & Xhkje 2 AR FE UK T 2.5 B0 2 B b i g R T
Im B, JEJ2 A FIR 87 Cai CRA €O, 6°C fE)D % 542 7] LLZBS AT (Buchmann
et al. 2002). FATSEIHRAEMIAAZ I Ardse N Hel 2 B L@ 3m, T
AKFER R B 1.2m, FTABRATIA A AR SO 8" Cpe X1 F 81°C {E B et
JE AR DTRRAN K . PSR RN, AFFUA e B A A (R K 3
To: e K AAE 5 Z IR 43 A, FERE— BRI S0 KA 5 e 81°C {2 Ta] ) 2%
R X TE AR LS TS

FEE A K B R ORI A 7= L A7 BRI R G541 5y o e I TR
R I 2 53 Th AR S R PR B, RO T 6 B A 7 5 R A PR e 5 SR 2
BRSP4, S REITE RS 8 B 41 R B L NOIR L IR i AR - (Korner 2003) . FH
T R BRI G R AR TR 2 N, i HLEG RS, S T A IR
MR, BEEE, fEDbared), M HAAAMNPIRG R (Harley et al. 1996,
Herrick and Thomas 1999), J&¥3 & AR G5 PEBR 25 75 A R HURE 9 FEE A7 2 2 1k
ZESt, g EIN AR TR SR, BTV AL B SR REAR ek SRS
FE P B 25 e AN [ g R TR) FR) LA 93 AT 3 BH AL AT A A S8 38 IR AR A o AR DG LA A5 2k

B
4.2 rHEExt 8°C M. MR, Tk RIS MRS BIEN

Bt I A AR RS (K0, 1 8°C {8+ Nimasss Prmasss Parea S HUITHIAR 2 225 1
BEEAIGIRT, T FLXFh AR AN 3% i A7 A5 T A R Rl S AN R AR TG B, I AEAN A e
J v B T ) AR Ak A 2 — B0

O W 98 R AN R AR i 8°C fE A7 4E W % P 2 5% (Niinemets and
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Lukjanova 2003, Niinemets 2002 ), et 1) §'°C R # A% T4 ( Terwilliger
et al. 2001, Holtum and Winter 2005). F-HRBFSTIEA F4EE - 2 1] (1 8C {8
ZE S VAR T AN R AR K B/ SRR BRI B (AN TR], JUHR R4 i v ANl R & o B
(1] 613C {2 5. Terwilliger et al. (2001) M, 4% 8"3C & H T 2t
BRI B A KU T I B 46 A1 T RS AR s i i P2 b R AR R 3 43 T AL,
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(K3 o AHETUIE BV AZ I Fr A5 AR — LR 5 AR, RRAS S 47 1 S e Bt
I AR AEAGIK 81C AR b, ACUAFEI S 2 AR BRI K R R,
A 3 AR TR A6 RS A e R BRI, (R N RIS . #EA 0-2
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BR300 o i HASCHTIE A AR (i o2 R RDPR AR, 4O
LA ETT, KRR T AR AR KR LU AT FIRM B 81°C {E I,
M FH AN [ A=K B B 18 B 3550 8 A8 A DL K i i 75 R AR (R A7 38 43 TR s AL,
R SRR R A . ABFFO R 8C (HBEE R AR S e A Rk T AR
WATEHERR . BAEM R, WA, Bo s CRES) B
o B ABE I R % (Niinemets ef al. 2005, Warren 2006), {64 1E FX CO,
(K SR B, 5 T °C 5018, BEIRI 4 81°C {f. Warren (2006) Jll3E T Pinus
pinaster W OGCEHAR KL PRI AR ALAL, RS2 3 40,
G AR AL P A R, I R COp IR BEFII- 434K CO, MR
Bt A S I N o SRS AR AL RE R AR A R BRI, (HZRGAE
FHK 25 J2 I Fr ) COL MBI, NI ot BC sy, 23808V
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ARSI LUASE T W X Ve A S AR S R PR 2 i s o EAR YIRS L T
AR RS, 10— TR R RE T . AALTER SRS R
DL B Ty ARG I Se T i TG LRI T BRI, DO S AR BT,
N B Wl TP < I B e Y R A N S S T Bl st P TN T T
BRI, m R AER T G M S R R, TR 2 B 4 T4
S L 2 M R, B TR BN SE G, REAE R R R
Ve SRS R R B SR RN (Bgger et al. 1996, Niinemets 1997),
f HURTX A IO AR L Bl S BE IO RRAIG, 2 e T AR S5 tEpk & 1t 1

78



P 7NEE B i R 0] R R RE Tk ) 7 3R 2 M AR G AR PR

BEINFRRE T A R A WS (Niinemets 1997) . RS AR K FEARKIGE
Py FNAE SR B I\ AF I B AR A N, S AN RBEA R 2 AN
AR B TR AR S, SEIHEET T B T8 A AR RS S
R 2 WAAFAE— BN F# (Hendrix and Huber 1986). JEHy M Al 45 Myttt
J AT B8 TN iy B4 0 VR S RIS A OGNS )R AT O, S A AT T RE S R
FeE T Frg e & = I GE 71 R B 2% (Hendrix and Huber 1986, Egger et al.
1996). TBEH T EA, GG REIIEE R, & ROGE =k,
R TCE =iz iinae I N e, Jea e I MR Re A, SERE )
IR, MRIX FURHRE I, A Fr T — 5T

43 8°C E5EH RILEHUERTBIXR

FEYEEEZ G PC AL e & 1E =L Ak 2 oy i PC & =G W 2
(11254k (O’ Leary 1981), ELtniiehy 8°C At W g v, A S G 2 R ik ( Chevillat
et al. 2005). MHTREA [FIAL FZWFTTITR N, Fb2f 5 B R SRy S nT s i 1 A2 4k
K TR 3 (K I 28 AR A S AU 5 2 B AR o (HBRAT I TR L, Rt i 81°C
{H 5 0E R SRS R PR B o 2 (R BEEAEAT R OG 3R, ANE IR BRI AR (PR LA
TED, SR B DL AERS Z AR AR AL, Ui R 38 1 AR 5 vy DL AR 45
BRI AR KB R o T AR 1T LARE 4R 81°C (L 8h &AL S IRt
R AR AR KA T 90 RES, B ES TN w9: (FF) 2IAFF
(HZ) MREARERE, AR FRB BN o6& AR A it it A G A2 L 15 £
KRR B IIEER, b 75 AT A B R 38 3 e A A2 30 B B 755K, AT S i th
5yeky Z A IEAHDC G & .
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