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R BIREHUBR A SAR DRI R T, 8RO T AEAS RGN R L IR R Uk
Pt 4 AR A R S 0] TR e R o [FIE, AE K 4650 m, 4950 m F1 5200 m 2
() J 1 B B Xl B A S (2011 AEF% 4, 2013-2014 4FMIE D, A FEA [FI7K #
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1. FEEEN 7 )5, BN L. A ER TR, wHEa i
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WH B, R A RN RS RGP iR, 3R E K 43 5t
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28.35 %, [FIFEHE, HERZM 4950 m AEHIFZ AR S 5200 m J5 (FE/KBRANE ), F
77 A BRI RIS T 20.34 %. SRTM, FS ARSI I T AR P B R e 1 4 SR
B M 4950 m AT 5200 m FEHIAS I E] 4650 m AEHLT CREKIERAD ), HhEAEY)
D ERRG, PR BN 43.10 %A1 41.77 %. 1M 52 A 5200 m 48 £ 4950 m
PEHIA (BRAKAE AN R, H F AR T 10.42 %. K55 AbHERE Hh ) Koo %
BN, IR FT 51 R I A A 1A A i 5 IR AR A B A7 A S B A G . TERR K
25 WA E, R AR AR T Qu Btk B3 MR KERNEEN
WA, BRSO A PRI N Qo B AN 35 o R BA R /K AR (50T o € B ) AR 2
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TEMPERATURE SENSITIVITY OF ECOSYSTEM
RESPIRATION OF TIBETAN ALPINE GRASSLAND IN
RESPONSE TO CLIMATE CHANGE

ABSTRACT

Ecosystem respiration (Re) is a major carbon flux from terrestrial ecosystems to the
atmosphere and lead an important role in controlling atmospheric CO> concentration.
The temperature sensitivity (Q1o) of Re, which is usually estimated based on empirical
functions between soil temperature and Re, is an important ecological parameter in
ecosystem carbon cycle models. Increasing evidences reveal that Qo is no longer a
reflection of temperature sensitivity, but an integration of several confounding
ecosystem processes. Recent studies have indicated that Q1o changed obviously with
seasonal and geographical. However, most of the models usually assume that Q1o is a
fixed parameter (such as Q10=2) due to the lack of spatial observation data, which can
extent increases the uncertainty in model predictions. Therefore, it is important to
study the response of Re and Q10 to climate change.

The Tibetan Plateau (TP) is considered to be one of the most sensitive ecosystems to
global climate change. The alpine grasslands, which contain large soil carbon, is
widely distributed on the TP. The TP has experienced a more rapid warming than
other regions in the world. With increasing human and livestock populations during
recent decades, the long history of heavy grazing has caused severe grassland
degradation on TP. How the world’s highest and largest alpine grasslands respond to
the climate change and the disturbance of grazing has caused the extensive concern in
recent years. Recently, it is still unclear whether/how Re and Q1o response to grazing
in alpine grasslands. Previous stimulation studies in alpine meadows obtain variable
results, which largely related to the history and intensity of grazing among study sites
at different altitudes. This study intends to address the following two key scientific
questions: (1) The response of Re and its temperature sensitivity to grazing at
different altitudes; (2) The response of Re and its temperature sensitivity to different

water and temperature combination in the alpine grassland.
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We conducted a 7-year altitudinal grazing exclusion experiment across lower and
upper limits of alpine meadows (4400-5100 m) on the central Tibetan Plateau. Plant
biomass, Re and related environmental factors were observed across fenced and
grazed treatments at each of 6 altitudes during the growing seasons of 2012-2013. The
stimulations of above- and belowground biomass due to grazing exclusion decreased
with increasing altitude, which were positively correlated with the change of Re. The
Q1o of seasonal Re generally increased with increasing altitude, but tended to decrease
under grazing exclusion. Soil organic carbon did not have a direct effect on the
altitudinal variation of Re. Our data suggested that plant biomass change could be
served as an integrated indicator for spatiotemporal variations of Re. Grazing
exclusion might be a promising measure to reduce the temperature sensitivity of Re.
A reciprocal soil blocks transfer experiments was conducted along an altitude gradient
to investigate the effects of climate change on Re in alpine meadows on central TP.
Microclimate conditions, Re, aboveground biomass (AGB) and soil organic carbon
(SOC) were measured for home plots and transferred plots. Transfer-induced warming
had positive and negative effects on AGB and Re, whereas had no significant effects
on SOC. Different with warming treatment, transfer-induced cooling decreased AGB
and Re. Generally, there is a trend that Quo values tend to decrease when the soil
blocks were transplanted to warmer plots, whereas increase when transplanted to
cooler plots. However, we found no significant differences in Q10 between home plots
and Transfer plots when transfer from 4950 to 5200 m. We attributed the
inconsistency of Re largely attributed to transfer-induced changes in microclimate
which could modify plant growth as well as plant functional and therefore affected
plant biomass and respiration in alpine meadow.

We conducted an experimental warming and enhanced precipitation experiment in an
alpine steppe on the central TP. Growing season Re, vegetation biomass and relevant
environmental factors were observed during the growing season of 2013 and 2014. In
both control and warming plots, AGB tended to increase with increasing precipitation.
Aboveground biomass was higher in P30 than other precipitation treatments. In
addition, there was a trend toward lower average AGB in the warming relative to

VI
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control plots. However, we found no significant difference among the treatments for
SOC in both 2013 and 2014. Re varied greatly with sampling date and seasonal Re
was significantly positively correlated with changes in soil moisture, but negatively
correlated with soil temperature. The evaluated over the entire growing season Re rate
has a trend toward stimulating with increase of precipitation under both control and
warming treatments. However, seasonal mean Re in the warming plots was

significantly higher than in the control plots during growing season of 2013 and 2014.
The main conclusions of the study: (1) long-term grazing exclusion can reduced the
temperature sensitivity of Re in alpine grasslands; (2) elevated temperature can lead
to the decrease of the Q1o, but increased precipitation resulted in increase of Quo; (3)
the change of Q1o caused by altered temperature and precipitation was mainly through

affecting plant biomass.

Keywords: Alpine grassland; Global change; Ecosystem respiration; Grazing;

Temperature sensitivity; Tibetan Plateau.
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BB g

1.1 IREREEX

A3 R G PR Rl AR 2N R G0 1 KU B ) 32 B Ae, e Ml AR A R Gk
TEA AN 77, RS CO2 WREE S RAR AT T 25 7 RSB B 1E
i (Cox et al., 2000; Davidson et al., 2006a; Chen et al., 2014b;). 475 R Gt PEIL KR
JERRURAEE ] Quo Ko, RFRILERTTE 10°C, LS RGMFRIEINEE, &
e MR A RIVES RGN TR EEIEIR . £ RIRIIEIAEI T, Quo &
RGN SRR S, AR KRR E kg A8 2R AU S AIE I 2 18] (1) R
7<% (Luo et al., 2001; Friedlingstein et al., 2006; Niu et al., 2012). fiff 5t &,
Quo (I RN 2 IR Z . /K3 pH BRG], 5 RA
BRI RIS . NRESEE R, S Quo AA W B HZ=T5A L i 3
75t (Davidson et al., 2006).

FEH IR A ) Jmy b, AR 7S SR GEWP BRI A LIS 70 X Quo BEMA S5 T UL/~ 1T
Ha4hn(Kirschbaum, 1995; Rayment and Jarvis, 2000; Luo et al., 2001; Xu and Qi,
2001; Drewitt et al., 2002; Atkin and Tjoelker, 2003; Fierer et al., 2006; Fissore et al.,
2008), XK A ERARE T 5T o i N sl DX B 26 Y 25 SR AR B K
(Melillo et al., 2002; Davidson and Janssens, 2006). 74, LR 5 £ RS
W P P U 2 B (Eliasson et al., 2005; Luo et al., 2001; Melillo et al., 2002;
Oechel et al., 2000; Rustad et al., 2001), 3 DA [7] AL ER AR RE 2 40 il i 1 - 3 e P2
T 5y 3 B2 7y O R R e, 3 EORIR A 32 R (Kirschbaum, 2004) . k= 4 5
AR X - 3Rt B 2K HL 5 Wk A s (RIPFIRIRM) 78 2 ), X[
FEIE 7N 1 €I IX AR 2 2R 40 0] B 0T A A8 Iz 4 e )97 5 #5U8% (Davidson and Janssens,
2006; Luo et al., 2001; Melillo et al., 2002; Oechel et al., 2000). It4b, T 25 Ak
FiE EMMESEGR =, HArZ R 2B RE H i Qu £ —MEZEmSH (i
Qu0=2), FFRLMRTHRE AEAAL T 5 N i AR S RGN, XE— e E R
R T ARSI ) AN 72 Ak

S HT IR 0 AL A A 2R GERRHIF IO i T v AT R W B T AR T8
E R 5 H I 505 AR W A TP Bl A ] 50 A2 25 28 G IR R JFL L AR A 7y T

1
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WBA —BUEE R, RIS R A FRES (Wang and
Fang, 2009). [AItL, 05 E 0055 55 A= 25 28 Gebi 0 M X iR B T v AT TBCHOI 31 i i

JE, AR R R AR A B R AT B 55 1) B RS R R i 30 K,
5 XA AR B B T o [ R RO HA e X, TR B 2 BRI P A
[F B TSR B IR o DRt o B X 2 B bt 52 B i AR RN BT HE R XU 5
M, X307 0 R AR AN s T, T A0 AR G SR A S R T PR AR
XoF SR 2 2 i AR AN AR 25 A T A s RHE 4 (Field et al. 2014, IPCC, 2014).
H RTATS AN 2 TR 1) 2 15/ e 50 v € R b A= 25 28 G0 PPV P P88 SRk,
A AN 53 58 RSB0 25 SRR EHLP I, IX PR AN 58 PR KRR b s B A I
SR F A< (Wang and Fang, 2009; Lin et al., 2011; Sjéyersten et al.,
2012). IE4 Mk, A K e R AS [RIEHA B 2 1 e S B A 285 R G WO 2k
PR I RO BN AR FEIE A 2 I, o

T 8 e iR A A BRSSP T DR X, A2 [ SR A 7 2 4 o e 1Y) O
X T 10 Rk, EBUM RN T s 5 AR S TR 518 B iR LAR M
Ao H 2008 LK, VHRRHL T BURF RS0 T IBMOE G AR R TR WA
B2 1 B g v SR A S R 0 VR 11 TR R W T RO R 1) AR A A SRy B X
AR AT A AR AR e AR, A B TR DA LR S it ) P BRI B
ARV TRR IR, F A 8 A5 AR A P o € Bt 3 o7 A B T B A3
TR

1.2 FRER
1. 2.1 S RGNS EIR A

ARE BURF 1) R AR A L T2 A 22 30 LR S AR SCHIEFS, R URAE A 2
2R AR (IPCC, 2014). HTASRGILTIra . b
P RIS o i PR e I UK, A AR I 4 %o i b AR S R G ) 5 R AN T R P AR TR TS
URZI o A BRARIE AT RE A PR AE F IR BE SRR, 3 ECE 2 1 AR RS
Hr,  MNTFE B RGN A BB R Z [T R 1 — AN IE BB FF (Luo et al., 2001;
Davidson and Janssens, 2006). H §if T f 19 K ARG RS20 R 81, T+ s —
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2t A 75 RGP (Rustad et al., 2001; Wu et al., 2011; Lu et al., 2013). 4R T,

AT E 731 5T R AR 2 FR 0 I e o T 11 T v T PR B AN3E (Lin et al., 2011,
Fu et al., 2013; Zong et al., 2013; Chen et al., 2016). iX FE K N ES R G )L F
A B AN S AR AR U s ML ABURR, MR 51 R AR A AR G IR 1

el 2 NI RSCE R IL RIS R . Ak, R RGEIFRER 1R A5, T
ZHABR R AH L), oKy R LRI EE S S, XL T AT AT
TR A RGP EIFZIE - (Luo et al., 2006).

Rustad 255 ¥ &0 M1 515 (Meta-analysis) #R1T T 32 AN R G
RRAUSEIR AW N, B FES R R, 2-9 SERIBIIIEIR (0.3-6.0 °C) A& RGMFIK
WEEWIN T %) 20 % (Rustad et al., 2001). Wu 255850 HriiF st 8, 1-11 4F
IR IR (0.1-10.2°C), B RGMRIEI T 27 % (Wu et al., 2011). HEGIGR(E
A RGFRIGIN, WRRIRET S 7 AEKS, SEDYIR R AR
(Wan et al., 2005); e fa, RIBHEYIAEK, N7 EA Y SRR )
(Luo et al., 2009; Welker et al., 2004), {2i#EHR A MGFAEYITESD; HEIR 7T RECCE T4
FheH BRI TEVS 4544 (Bergner et al., 2004; Sardans et al., 2008), @i 5208 & 4
B, (Rt A HLRATE 0 20, S50 T 3B A A PR 33 g TR A
BRESC AR RG M (Luo et al., 2010). Fr A XL FE, #RATRE B f2 ka5
Wi AR 2 RGP o SR, MG U I E A2 25 2R G I FR) 30 G RT RE B I 1) F0) HEARS 1T
AR [F, WA BRI IR A RS REIFR IR AN B2, PR RIS
RGN B, R — DR AR T, AR 4 E IR BUT A S R G
W AR T 49 7%-15% . 7o FE B R TR IS0 O B, S8R AR S RGP H I F%
KRB A (Fu et al.,, 2013; Zong et al., 2013). X FEZK N, B S LK S T
B, A TR AR K B AR Y BONE R, DT B AR 17 AL I A B AR A A T (De
Boeck et al., 2007; De Boeck et al., 2008); =& i SE A AL, ik 7 # F
AW EFE TR R AL (Saleska et al., 2002; Weltzin et a., 2003); 9 ] g & 4
T BRI R, 3 5 o R BIRRTE G, T0AS 5 73 Al B Bk ) BB 88 T
35 LB 22 A X A 35 (Stromgren, 2001; Kirschbaum, 2004). tBA#F7IA N, 14
VORGP0 TR PR & B, R AR R B ICH B R (Atkin and
Tjoelker, 2003),

A2 RGP AL FERE D ) B T WP IRORI AR 0 3 A FR) S T W, HG % 2L 4%

3
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R FSE T v (A S A7 AR 2 5 o Zhou S5 56 e e R V10 42 o) e 1 U 9 v
SRR, EEATFHAR, SIRIFIRIEIN T £ 14.5 %, 1 EIFRFIRIEIN T4 2.3 %
(Zhou et al., 2007), X EZIHF IR FHAE KT E KA B A3 0 (Wan et
al., 2005) . A1, Cheng 55 7E 7 i i iR e 2 LA IO A 0 R I, MG W 35 38 0 1 4
AR ERN IR, HIBER T S FRIP (Chen et al., 2016) » Wang %@ i 50
MNMEB RGBS IRY], PR 2°C SEFIRPWIEIN T 21 %, M H
FEWPIR I TC R R o SR, SEEAE 5 A AR IRETE, B S BURMAI R 5
FEWFIR G AIIGIN T 27 %1 7 %, TG IR B AR B FRIPIG N T 19 %, Xt
B IR AN R o B T B IR I 0, R RE R AR IR AR B TR
Yo R AR (Lu et al, 2013) o [HR, AW FCIA NGRS 80 R
SRR A AT AE 2 BT AR E A ALY 20 R (Hopkins et al., 2012; Frey et al., 2013).
IR S B K 43 BRDG FEH e SO, TAE AR FRARAN K B B, I AT R AR AR AN
T [ I IROGT 1 1) e R A [R] ) 3= 225 K] (Wang et al., 2014).

1. 2. 2 £ R G NFE IR X P 7K 24k B Ao [z

B A BRI B30, B KGR B2 AU AR T ARG (IPCC, 2014). /K472
PR A A AEYNE S F BN 52— BRI A T S iR A
RGN, T S0 i 1 A 2 22 4 ) RS HETBOB ) B o JC HAE K 7 2 IR A S
ARG, EBREMRHRNS LHK - HUIMEI . B, Gk, st
ERRGIMR . MR, FEKD, AR RGN . Wu S50 2R & AR
RGBS B TR, BRI, A8 RGP T 30 %., 1Mk
KB G, A2 RGN L T 12 % (Wu et al., 2011). Fu 25347047 T [H &4
BRGMHKEHE BRI, BRI 7 AR KRG (Fuetal., 2015).
Liu 5584 A BREER AT R I, BE/K LL X BEHE In 28 %), RIS N T 16 %,
1M R K kb 28 % J5, PR BRI T 17% (Liu et al., 2016). —MiE ML, T RHX
A S IR X B 7K SRR, T AE I T A XS B K Rk /D LA RBURG (L et al., 2016).
SRT, FE/K SRR ML, FREUK, 8T RgrEAtE, AaE i
BRI

TEAK AR RAEFREARIEH. — &k E, LB TREERRAESRS
PR, Bk 22 K (R BRI F o X A2 R DN B /K mT LSRG N 38 5K &, (Rt
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ARMAEYETE, EHEE N T H IR SRR (Liu et al., 2016). 35— 51,
B KB IN, W (e Bt P MDA 3B RR A) 70, S0 ISP R . R, REARE
ARG 7R . AW FURY, BRI IR AR . X R AE
Ko ARG B, BT RE R RS SO A 2K BR | (Jassal et al.
2008). BFlanfERAERS R, FUUE T EERR B T, I 5 7 AR T B
REIR R . T 54 2 MR A28 R G E RV B R, 21528
REW 78 7> S A HL #E Mk, AR EE 7 A E M, BN T SR AES RGN
(Davidson et al. 2006) .

1.2. 3 ARG IR IR EY e 2

TR F 0 AR 35 AR G b 2 B R O 2 RO B AE S R SU IR R 2 07
T, R @ RIEFE R £ . BRSNS PR e N R b . 3l S -3 AL
P 5 T = AR R, BRI ELRE B A A T T AR RGP o RO A2 25 R G

IR A TBCBCE BE R AT 7 3T A BT %2 7 (Wang and Fang, 2009; Hu et al.,
2016). Cao S5 1E 7l i S T 70 A DB i 32 25 538 v 8 ) AR 25 R GE P
B TR AR S RGN LT B R TSUHORE B 2 /% (Cao et al., 2004). —#
Kl U EAES RGN . bR mERE b, X T AR,
JBUIR G A 75 B G PR 2 2 B MK (Knapp et al., 1998). 7EFR[E P4 5 1 -+ R B JF R
BB AR T A 75 R G (Kang et al., 2013). BB AR 245 2 G EI ) 1 BE SR
Bl AR BRI R A IS &, BRI T EAEYEANDCE B,
T TR S R R R 4, T FRAR T AR RGP TECBUE T 7
VI B A &, RET R A Ho i, S A S, b R
PR s AT T BB 25 PEAICAE S RGP . AR FE R, OB M AT g 23wk A
A R G (Frank, 2004; Bahn et al., 2006;) 55210 A4S 2 2 (Lin et al., 2011) . BCont
A RGP A — G IR, T BE 2 TBOURE M 1) RO AU R 2R
3R AL M R ) 521 (Wang and Fang, 2009).
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1.2, 4 S REITFIR AR B

A2 35 R GERP R R R, (Quo, TR RRI =7 10 °C, WIS AR I 0 i £ 50
FEAR RARJE b g 4 4 BRAUR AL SR PR 2 18] 1 S 15355 & (Luo et al., 2001;
Friedlingstein et al., 2006; Niu et al., 2012). A 7% R Gt IR B BUBE IR A & —
ANHE, BRRGER 22 B IE AR Ul B Quo BEFA S T K it B A, BB 7K 20 R4 i 1 m
(Rayment and Jarvis, 2000; Luo et al., 2001; Xu and Qi, 2001a; Drewitt et al., 2002)
SRR, —J7 AT MREFR 010, KK, (R A KA E FF
(Schimel et al., 1996); [FINf o RITFIRAER, 40 REI A B ERK 60 &
TERIHIERERS, K SRS RS K SHT CO2 Thim, ATINE 4 3R AR g HE 1%
(Jenkinson et al., 1991; Lloyd and Taylor, 1994).

FyHh W IE T i PR AR 2 AR G PR ) U= (Luo et al., 2001; Melillo et
al., 2002). 87 5 A PRI FE ARURE 2 IR Y J5U AL H RTEANTE 2 (Knorr et all,
2005), il A A R ARRE 2 1 Ui I SR R P T 5 3 AR R B TRIE AR, ST R
Y32 B (Kirschbaum, 2004) . 445 A\ Y2 H T AL AN - 338 A ) 0] AR I FR) o o
S 8 HEOT I I U (1 B (Bradford et al., 2008). #ATH, RN AR RGN
WA IS ML 32 RS R AL Ko 25 A WL I 8] B AN A] T 048 (Wan et all,
2005). fERKfE R RN AR L) Hmd SR, SRS RS
R AT e S 5 AR R 58 AR (Oechel et al., 2000; Luo et al., 2001; Melillo et al.,
2002).

TR A S RGFR AR, Quo 5 A RUK & E R IR,
— S, TIET RS RAF Qo (Reichstein et al., 2002), — & i
W Quo BB 3% & 7K & B 18 in iy 84 in (Janssens and Pilegaard, 2003; Reichstein et al.,
2005). TRFTMEAFES KRG Quo BUKZ 2t T/K 7 FEARIRHI 1R
PHk 5] ) (Reichstein et al., 2002). %, fEKZAMEE RN, BT AR
HIF B AN 33K 7 IR, IR BTN tR 7B B, RS R G TR
BRI B = (Jassal et al., 2008). FEIRII A Rgirh, A AE N T ERSBIK T, @
Aok 5 5 SRR T PSR A I 28R o R AN 2 DM i I R 28 R G R AR
Y BRI, AMEAR AR e AU R, (2R R AR, S T R
) 3L iU (Davidson et al., 2006).
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H1 Bk Z TR Quo SEMA IR T-HIKHABE T, TBUBON A2 RS Quo I SEH
BURIA B # . AREFERET, JBCBPER 7 A RS Quo. FIRERE R, T
MOREE/AD i B N EY R, BEIERR 7Y B IR (Cao et al., 2004;
Polley et al., 2008), A5 AE 24 Z G0 WP )L P2 UM BRAIK. (Bremer et al., 1998;
Johnson and Matchett, 2001; Wan and Luo, 2003; Cao et al., 2004). [FIfF, k>
THEYE, LIED GRS R, BT RIEGEY I (Raiesi and
Asadi, 2006). A FEHEN S 5N EIERCD, S RGF Quo Mk, A
FRIBUG A2 RS Qqo %5 751 (Yates et al., 2000; Wei et al., 2012). &
Ji BRSO £ 30 i 3505 FE (Luo et al., 2010), {3k #s RS (Bahn et al.,
2006). {HE, JRCARAEHE A e A o BE AR, R A2 AR AN X RE e, IR AR
MR PEROR, AT Iy il BURAE A 51 (Vates et al., 2000; Wei et al., 2012).

RO LA B ANt B e RS RGOS IR EKE R 3R, R T E AR
AN, IR S AR TR VIR L B R R R A o S R E R I FR AR (Valentini
etal., 2000). FEAAN T A AR A i3 - SRR 2 () A8 S M i ok B R R 22— At
ATTRE i PR 2 B AR AT AR A o WV HEAA, o E B sy )M B o I M ARG P Y
FH SR A0 4% 3P IR AR R 2R o SRTT, VR HHARRE AR RGIFIR I BE S K 2
WOOGUERPR R, 0T Quo WL /D o fERERIM BAKVL e X AN, W5
AP AN 480 m £ 1450 m &b, AERKFKEME LI CO MEHAEL, Qo5
BRI R E R R (Kane etal., 2003). =2 B HUER RGP DT LA I, Qo 7E
iR 22 5 T =R (Hirota et al., 2009), ZfkiE W R 2R AR, H
AR iR TR S B AR T AR AR A DA B s Z AT R P LB 7, A A AR
23 I ) T 8 BRI VAR ) AR AR AL 1 1 AN BH A

1.3 HIRRREIB FEE

(1) FBOHOR 7R AR 5 FE R 14 5 SRR B AR ) BT L T2
(2) AR R, FTE R A 3 GO0 L R R K ] 450
e AR A A4, 7



8 G 3 R ey R A 2 AR R i PR AR B L AR AR i 8 X

1.4 ARABTHEREELE
1.4.1 IRARE

(1) o FE B A 25 2R G I B FL I, P A P B VA A8 A% S o o o A
0] 9
FRATIE VU M L 5 R b Ll R b, TR AR 6 N KHGT yr)
R AR ARRE L (4400 m, 4500 m, 4650 m, 4800 m, 4950 m,f1 5100 m), F
2012-2013 FAEKZE (6-9 H) MlE 1 HFE NS RGN H 3 A2
WA B R IR ARSI TR T, AR KRG
T TR P U B VA A 1) 738 L R Kot K T 1 ) o

(2) FEHE SRR AR 1 7K B S 78 A o v SR 3 A 365 2R 0 PR % FR 8 U M (1
Al
FEA T B Bl R YK 4650 m, 4950 m Al 5200 m Z [A], JT @Y
X FEAE L6 (2011 AR R A, B [Fl /K FAH & 8 Ak i JE B A R G 1Y
S, T 2013-2014 AR K (6-9 A e 1S RGUFIRIT H Bhds &2
AR EAEYR . LIRS RGN, WA KIS
AR Ao e FE ) A S R G IR % L Quo B

(3) fr FE B A 25 28 Gt P B L T L B o JEr S A 400 T o 7 A A P i 1
WRILH RGN ARl , A = TR AL B T e 1 B AP R+ 4 7K 9%
585 . T 2013-2014 4K (6-9 H) MIE 1A RGFI) HZhas
FAL L EAEYR BEA PR RIS T, R X iR
N FE 7R AL AR R o

1.4.3 AR
U TEPR (B 1D,



RS

B A A 2R G PR i P AU B EL A AR A 8 5 S

TR FE () A= NG LIRS JE AN B I + 1
A4 h 5 S U S 56 Ii) £ A S 56 Y 425 1] S 6
\4 \ 4 \4
RGO S FL R K I A R RFE T K
Quo Pl MFHAZALHE J BT ED R H Qqo X R
e FLXF il dF 2 501 IR S H Qo FOLH I A0 B 7K AR
M) J&7 iap=Al Aol
\4

v

JBCHOR AN [ 45 ey € 4
A RGN R P B
TERVE [ S PR P 4] 2

At A

Ty FE L A 2 AR G PR 3R R UK
PR AN [R] 7K P A AR A R i A 2

Tt 2 25 2R G PR 1 L P BB o AR AR A [ Wi

K 1.1 BHESE

Figure 1.1 Research scheme
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E_E SEEMESRGTREESHRMMESREURBRES
AR R

2.1 5|8

A3 RGP SR AR AN R, R Rl A A R G 1) K HETSOR ) 2
B FE (Cox etal., 2000; Davidson et al., 2006; Chen et al., 2014), FEZiEE. /K
4y (Lloyd and Taylor, 1994; Saito et al., 2009) bA M A8 44 K AR 45 (Wan and
Luo, 2003; Schmitt et al., 2013) “FR%H]. Fit, A& RGP SRR
Bk . R, FH AR R GRS 2 TBCRE PR RE I, AR PR TR AR IR R A R
G52 (Wan and Luo, 2003; Asner et al., 2004; Wang and Fang, 2009;
Tanentzap and Coomes, 2012). HLI1AE A R 40 A 1R a3 A4 B A0 L 5 LBk
X R AR A A b R AR A e BB e R BBURRPE AT G 55 1% (Saito et al., 2009;
Chen et al., 2013; Ernakovich et al., 2014). /£ FARRET 5= F, o BT S 20
HBRGOCE L FFE AL I AN T, 7] BE 2RI B e BREREHA (Cox etal,
2000; Davidson et al., 2006). #Rifi, ORI AR AP RIAEE IR T3 AE S R G0
PEFARMEDS 70, A RN 75 2 52 T 5 LA 25 R G I SO A IR e A 4+ 18
(Wang and Fang, 2009; Sjcersten et al., 2012). [Klitt, fnf] &4k BUHCH Fo A 25 &
GENFIR ISR 2 VAT SRS R G NGI9 R OS8E (IPCC 2014). [RIIN, A R
X B LA 2 2R 8 ISR T 1 R R AT Dy o S RS A AR A B B A S R Gl N
PSS SR BERL AR

MR, ek e B A TR R A K T A A X (Liu and Chen, 2000;
Pepin et al., 2015; Yang et al., 2014), HRBE 2 BT 78046 5CTE war FE B 0] Rk
SARAEE I K. (Pepin et al., 2015). & 430l 2 F 8l m Ji d 32 S 3R F 7 54
JEHCE BT RAEZ X AV R AR AR T B EEAMER] (Chen et al,
2013), BEA&ZMDT LR AN DM ERERIE K, KEKE EBC g
BT SR AL E VD EAL (Chen et al., 2014; Song et al., 2009). A T fif ik
0 1 5 ) RN 1) R, BSURF B T T ZA St 1 — R AR AL S b A S MR 4 1 10

o Horp AR ZEO N Dy 2 — b T B R S R A R R T AR B2 N . — 2

11
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WHFCR A, ZEPCRE I G m FE R U AR - 3K (Shi et al., 2013; Wu et al.,
2010; Wu et al., 2010). FRT, A FREPO A RSk G A 25 AR GERP R L LR L
AL FZ T R A2

—RRORUL, KBRS EAEY SRR, AT R RS
ARG (Cao et al., 2004; Kang et al., 2013; Wan and Luo, 2003). #R1, JE4%A|
=B (Lietal., 2013; Wei et al., 2012), 5K & RO ZEAE (1l AL A4
SRR A K DL R AEYDE T (Augustine et al., 2003; Bardgett and Wardle,
2003), MM WHSEREER RGP JBCHON FEHAEY BRI, ol s
AR B G R I JES A T 2 e 2 HL R FE BiUER % (Davidson and  Janssens, 2006;
Gershenson et al., 2009; Yuste et al., 2004), A7 2R G5 FF OE 54 FH IR AL A
R T HIF RN VF 2 BB FT 1RO AR S RGEFIRGPE R, (H2 501531 1 4k
SRA 458 (Lin et al., 2011; Sjcyersten et al., 2012; Wang and Fang, 2009). []
I BRI R 42 25 2 2R G IR R T RS BURREAT AN B B, I BT T R RS RT
AEf#1I(Cao et al., 2004; Chen et al., 2015; Lin et al., 2011)81% i (Paz-Ferreiro et
al., 2012b; Wei et al., 2012) A= 2% RGP B0 P UK . B 74 B2 TR IAS—E
PEAT BE 55 7RO B TSGR B A A1 224k 5% (Cao et al., 2004; Peichl et al.,
2012; Wang and Fang, 2009). 4R, LAERIBEFEAELL RER T AR, 820
Xof AN [ H R FEE b A 285 2R G WP S M ) SR ST 7T

AR AL A B TBCHOS B2 s R R AR R E A A 7720 (Fu et al., 2012b). Ji
BOET) AR & BIRAIA S AR B E AL R AR 1 (L et al., 2013a;
Ohtsuka et al., 2008; Wang et al., 2013). W5 E, AW E LA IR 1T Hh g fe
S RGN I ZE T A1 2% 8] 481k (Geng et al., 2012; Hirota et al., 2009a; Jiang et
al., 2013). [EIINF, ARHFHRATAEHA S BAGRE (Li et al., 2013; Wang et al.,
2013). 7 BRI BN AT Be 2 0 M A AR ) B I B R P A R, DT R 23 5
i) A= 25 2R e RIS IRE AR R o SRTTT, DAAEAT STBUCHON IR A FH BT FE AT AT S BR T
F—#£Hh (Cao et al., 2004; Chen et al., 2015; Lin et al., 2011; Wei et al., 2012), Ji
WU 3 B FE s WA FH S0 F) R A8 AR HER 7€ o T R VEHACRR B2 FA) T B A 4
ORIy, oA BT JRA TR TBUH B LB S5 BR] - 0f A 2 28 G e S FL T Uk v
oM PRIAIET RN, XKL HE H TSR = .
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FRAIE &7 b R Ll B R T — ANV T 1 B R AR s 56 . 1200
46T 2006 4, A 4400 m 2 5100 m #5578k FE H A (1R N IRAN BIR, JRik
A 6 ANFEIRAEHL . 7F 2012 4 2013 4R KT, FRATAERANRE H ) B 3 4053
AME T AR RGEFRGR Z 0 AR ZET5 3240 L f KM A& DL AR IS
FEHAEE R . BATERRZ: D ERAES KRG ER SRS R I
HIE T 20 BATBAR AR FEME S FLE R I 7 3) 1 B AR 28 AR G I ARG
P P T 4 A A ABE 0 % XS BBIAE A 1 e

800. E 900. E 100‘: E 110:’ E =
= 60°  80° 100° 120° 140°E  Fo
21 Location of the study site on the S ==\ I
b = vegetation map of the Tibetan Plateau | TS

2 0| =
' s Lel
=, = S o °O
| <A
tn T T
1)
=z
= [ to
™
o] Vegetation Type
™ I Forests
Shrubs
[ Alpine steppes =
I Alpine meadows | o
=z Deserts 8
i I Water body
o [ Wetlands
N [ Croplands
No vegetation =
I Alpine vegetation
Snow and ice o
T T T T g
80° E 90° E 100° E 110° E
2.1 BEFURE AR TS 9 S 1 B A B
Fig 2.1 The distribution of study site on the Tibetan Plateau
2.2 5 RE

2.2.1 WX

T L LT e SR S, A e R A ) e R S R PR
H o ASHEFCRTAE X & - O T8 = XA (B 2.0 35 AR SRl

13



8 G 3 R ey R A 2 AR R i PR AR B L AR AR i 8 X

ic, iZMIX M\ 1963 “F 3] 2010 4F, LTSRN 1.8 °C, ZHF-THIFKE
N AT9 mm, HA KR Z A AE 5-9 H, WA, TR IR . I 40 AR,
L X IR TR IR LI 1.6 °C. RT, /KR FUEREA — 5. 1963-1990
SR, AR RIUNFRIC; T 1991-2010 4R 18], F#K A HE NS .
WG ST B PO (30°30-30°32' N, 91°03' E) , H A4k (4400-4500 m)
FHE NI FES (Stipa capillacea) FI4E{EETSE (Stipa purpurea) AL HEAFf
5 JFAL A, gk (4650-5100m) = Z0N BLs & 5 (Kobresia pygmaea)
NRAYIF R R T . A AP R HOR SHME (Androsace tapete) .
B (Kobresia humilis). &5 (Kobresia humilis). [E#3 (Polygonum
macrophyllum). 4]#: &3¢ (Potentilla saundersiana) . SEAEFEE H (Carex
atrofusca) « =LA (Thalictrum alpinum) . 2K (Poa spp.) « b E
(Artemisia wellbyi) . 55/ k%% (Leontopodium pusillum) LK £ Fh X E% &
(Saussurea spp.) « EfHJE (Gentiana spp.) FIEHEJ& (Saxifraga spp.) i
Y. e RARER TN 50-90 %, i MRAKT 3om; FFEAGEA, BV
o FEAE 15-30 %2 ], mE— ORI 10 em. BUEIERILIX RO ERL, 2
B, SRR, HIEEKER R BURERIM DOV RER L, HIEREL i
B RBE . HE AL TR 12 X e FE M e T A 7 20 BURGE FE
BT HARMGEHR 4300-4500 m 2 0],  HAZIX 3 0 o Sl B T A B IR AL IR R,
PR AR R Pl e s (] 2. 2)
£ 2005 4F 8 H, WY& HHK 4> HILE 4400 my 4500 m. 4650 m, 4800 m. 4950
m. # 5100 m #£-3E | HOBO /M H AR ZR e, MUl (b 1.5 m),
K. HEEREEFIK S (HRLLE 5em) Z4dE (5 30 4hid ). {E 2006 4F
5 H, FERMNMERIREML, %E 7 2020 m KIHEAEE, Mk AE bR EIEAN
FEHL P

14
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O 5100m
O 4950m

O 4800m

O 4650m

4500m

Pl 2.2 Ak A A o A 1

Fig 2.2 Distribution of the fences at each altitude
2.2. 2 £EF T IEBHIRANE

FERFA R E R RE Y, S HUAT S0k, (RS 3m & T 54 0.5 %05
m MIRETT . fERIREAL, PEESHIREANA T 5 m bk E 5 ANHEEAME T . R,
M 4400 m F| 5100 m FEHBEIERE N Ah, SILEE AR 60 METT. H EAYIEIUE
SRR . £ 2012 A1 2013 4R (1) 8 H H Ay, A AR K m I IR T P4 R AR A
Ay B TR BT, VESAE Y b AR R . NGRS, T R A
N 65 T Mt FRFFRE. AT NI A L5 CEAE 5em) #HEGE T
R BURE TV FEREANEE TS B DU Fr R 0 sUE L 5 A, BRI EE N 30 em,
e LR AKISE, L 2 mm B S, KRR R 65 T EMT AR E. [FN,
WATEREAFET, HHACRERE (10 om) IEFESL, AERRANRE DT 10 DY £ A0 e
O VBN S B, TRGEE LIRS . R RS TS, ORI e A AL

& (Nelson and Sommers 1982).
2.2. 3EARGIER (Re) HINE

RN IR B, BATEEY R W, AT THEAZ SR 3 m [

15
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BB E T 54 PVC L3R (HF#E: 20cm; = 5em). fERAAAL, BEES A 5m
A E, wE TAEIRRGER 5 AR IR G R AW, AR - 5EER
FINT3E, IR 020 3 om, b EE53 20 2 em. 1% RIEIRAE MK AR
M 5E IR RE, JE A KA S RAEIRATII, +3TIA N AR 38
TR FIZK 4 FE B B B AR A . A2 25 RGeTIR ¥ 52 f87 A LI-COR 8100 103 -3
CO. HBhWM &4t (LI-COR Biosciences, Lincoln, NE, USA), FTECIKIAE (FE:
29.2.cm) RETEAMIE M A EAT (i< 10 cm). 2012 A1 2013 4 (A K ZF4F
F6-9 H T SN A S RGP H S M= 3has e , e S e H
—W, HREERAERE R E . o, 2012 4E3E47 24 /NI, ERE 3 /NI E
=K, BRRES R 8 IR EE; 1 2013 A AR AR E, W5 A A 24 4
I} 5] 08:00-18:00, A&F/KIMETH ] 6 IKIFIRHHE .

N T ECAE A A A ) SR MK 3 22 57, FRATIAE B4 4E Li-COR 8100 |
() 3805 A% I 2% (Type E, OMEGA Engineering, Inc., Stamford, CT, USA)f1+
1K 7 R 3k (Type ML2x, Delta-T Devices Ltd, Burwell, Cambridge, United
Kingdom), il 5& AN - HEPR BT 1) 135 om 5 AR Sk & . ERR I E +
BRI, R BEFN K RS A G 1T IR 1) s, I3 RE AN K 43 R SR
5B RG W FD 3T

2.2. 4 SREIBFANERNDVI HHE

N TR SRS RGEFRA RS E T, @l &R & ) HOBO
N E B GEE, AERBCR (BRI 1.5 m)y K. R ERIK 3 (MR DL
T 5cem) FHE R, FATIRE 7 SRR 2012 A1 2013 44 KZFH) NDVI
% (MODIS/Terra Vegetation Indices 16-Day L3 Global 250 m SIN Grid), F L%
il AR 2= AR

2.2.5 FitothEE

ST AEFEI#ER . K Independent sample t-tests /AT L3R . K. Hb L
s, N AEYE. BIEEAVUK. A RGP A R B UM A Y A 1 22
Seo WHT AR, RN ZE 75051 (ANOVA)H Tukey-HSD test 41 A8
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W R IREEE . K M EAEYR. MM AR, RIEEN. SRR
N HIR FE U i 25 57 . SR ] Repeated-measures ANOVA analyses 73 HrIRF ] il
WU B AR B AR XS RGN E R A R0

K ST REREAL (SEM) A3 AT R EE R -1 it 4 72 6] AR 25 2R G WP I R 52 0
SEM 4 TR AIBRAR ARG iE 7k, (R R B s A o A 1) R AR
BLOBERE. THEGRELRE KRR, HEMIRAT H A2 T KA 55200 ) B4
RN, BN BN, (B4R, 2009; AR, 2010). SEM JEAZ—Fh
AR %, B A B SR AR SRR, B RE S, AAHEE ST
P A R AR B AL I o T ) AR A R G R s (R A 1 A PR IR 7, 3R
ATEESL TS RGPS LR Ko th BAEYE ., N AEYE M LA
B (B FRIRTT AR ASE R o FRATT PR ) B2 P 1 50 5 HEAT AR &R, 1931 T4
BEAR R B RS R A B8 AT R B IR R AR B 2 AL I AH SR AL, HUARHEAL R
FALT I AR OC R BB RNARCE o TR S AR AR AR A DL BE IS, FRAT TR P AR Y
PEIERHI R LIRS AT, AR SNl & AT I E s . AR AE
JEPEA T T, A G B, AR A m] I ks, S il R A S8
fr o HATHRTGE (F) RIE NG ER) — M ebs, — MU
77 >0.05 1By FIWr AR J& 15 HAT R A7 BO9G B2 o b4, 377 R 2P IT iR (RMSEA)
AR LA, — 8 RMSEA < 0.05, P {Eilik, BEIIRERIAT R4
FILE R AW SEM FIR S, KA AMOS 18.0 Gz 4T F 7 #r .

FERZ Py At b A b R AR B I MU AR 7S RGP AR R 25
FRATH N 1 B A R IR

FHX 22 7 5 (%) = 100 < (FEF2 N — A48 1 FEF4
K AR HL B AR o3 BT A2 A8 RGP 5 3R E R OC R
Re = ™

A, Re RELESRAMIOER, TAEXLLTRE, o b NEIHRM. &

KFER RGFR IR BURME (Qu) MTHEARA:
Qio=e'®

Fr A I 8e 12 B 35% ] SPSS 18.0 (SPSS Inc., Chicago, lllinois, USA) #E47,

1k & #4143 B Origin 8 (OriginLab Corporation, Northampton, MA, USA) £,
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2.34%R

2.3.1 MERAF

WEBRARE, SRR AEKS (6-9 ) MHWSEKRT 5°C, HKH
Gy BRI AR P TE 6 A a1 8 H Rz lal. [FREdh, &b I R
KT 5°C, MEHoKksERE Rl 2013 45) 6 AYIFFihEm, 58 H
) SOHUR T B o FEFRATTULIN A= 75 2R G WP PRk U R L, FRIAE Py 4 g 3
MK EEZERAR (R 2.1ME 2.3).
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F 2.1 MIMHE] (2012 A1 2013 55D S gHhifh AR K2 P2 (GSTar),  FA/KE(GSP) £ 5em 35 5 (GSTs) Fl 137K 43 (GS M)
Table 2.1 Variation of seasonal mean air temperature (GST.ir) and precipitation (GSP), -5 cm mean soil temperature (GSTs) and moisture (GSM;s) at each of 6 altitudes

during the growing seasons of 2012 and 2013

Altitude (m) GST.ir ('C) GSP (mm) GST;s (C) GSM;s (viv %)

2012 2013 2012 2013 2012 2013 2012 2013
4400 10.35 10.07 296.53 373.03 14.87 14.93 5.98 8.01
4500 9.56 9.31 339.43 353.62 13.91 13.94 453 6.13
4650 8.65 8.27 368.96 328.13 12.75 - 12.42 -
4800 7.76 7.40 419.25 349.61 11.58 - 13.19 -
4950 6.29 6.02 425.40 391.15 10.51 10.54 14.77 14.59
5100 5.12 4.80 451.43 424.22 8.83 8.95 14.15 15.22
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Fig 2.3 Seasonal variations in (a—f) daily mean air temperature (Tar) and precipitation (PPT), (g-1) daily mean soil temperature (Ts) and moisture (Ms), (m-r) the
Normalized Difference Vegetation Index (NDVI), and (s—x) ecosystem respiration rate (Re, daytime) and its coefficient of variation (CV) at each of 6 altitudes during

the growing seasons of 2012 and 2013. The Re error bars indicated SE of mean (n=5)
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2.3.2 NDVI, £¥)sMTIEGH IR

TEA RN BEE, NDVI BIZET AR R I Je 38 05 AR Rtk R, B
NDVI fERAMEKZRN 7 A1 8 A Z kS K. SFEIERA . b, Hi
R B S A B RE A A R T e N, HAE 4950 m REHUA R F s, AR
JEAK . TRAEIIREREE, NDVI 54K K EAY)&E (R?=0.758, P< 0.001)
AL TR A4E (R2=0.696, P=0.001) &3 IEM% (& 2.3).

S e N = N2 /] =1 e = A m - E IR A N R
PfE, B P oMt b R AR R AR 22 555108 8 % — 48 %+ 5 % — 36 %,
FLFEIAE P A0 1 A= 4 AR OGS 22 S BB A 0 38 I g Bk o L3 HLBR I AR N 22 53
-5% — 18 %, FHEERKIAZRNAE (& 2.4 MK 2.6).

2.3.3 RGN

£ 2012-2013 4F, WEBFHRELE, ERKFAS KGR AER 508 1.31 -
4.52 ymol m2s* 1 1.76 - 4.49 umol m?s™t. 5 NDVI HIZET5 S0 AN, B
N A RGO IE 2 ) ZE TR A AR A S 0 S B AR B0 B, HLAE
TR 8 HIk B (B 2.3). A28 RGP 26 (1) A K ZR 1548 B 44 10 T v
BN, £ 4950 m ik FIfE, SRJEAE 5100m FEG (€ 2.4), FFH, BEREAMKES
ARG IR AN R . TR B A 2 R G IR 25 S A R A S5 -
¥ SR 2012-2013 4 FEIAZ Y AR EEE G IE 0 M, RIIERE A MR AR TS RGP
FEXS 22 e i by R AR A 2 S B R IR ARG, (R 5 A MR AR
WEXANEE (E26).

BT R E R N IR, SEM BESITERY], MU AR, LR
TIPS A K TS RGPS BRSO 1 N AR RS AES RS
IR PRS2 A5 9 0,781 4838 55 AR 7K 43 % A 25 28 G Wi (1) 541 4351 Ay 0,382
N 0.345. [FIRF, 3K xfth FAEYE A A HLCE BRI, Hix =AM
THN RS RGP R0 . [RIREHD, FERLAMEER, WA FRER b4
(£ 2.4 F125),
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2.2 WE (2012-2018 4F) AL Ah Sem B3R (T ALK (M) BIZESR
P [ 47, AR RERIRE R B A 2 R B (P<0.05).

Table 2.2. Differences in daily mean soil temperature (Ts) and moisture (Ms) at -5 cm between
fenced and grazed sites during the sunny days of Re measurements in the growing seasons of 2012
and 2013. Different letters within a row indicate a significant difference of Ts or Ms between

fenced and grazed treatments at the same altitude (P<0.05). The data analysis was performed by

Independent sample t-tests. Bars indicated SE of mean.

Year Altitude  Ts(C) Ms (viv %)
(m) Fenced Grazed Fenced Grazed

2012 4400  18.52 (0.19)? 18.38 (0.25)? 11.88(0.66)*  11.15 (L.00)®
4500  18.26 (0.18)* 18.05(0.20 1476 (1258  14.01 (L.57)?
4650  17.66 (0.43)? 17.31(0.21)F  17.16 (0.68)  17.08 (0.63)?
4800  15.45 (0.46)? 1546 (0.47)*  18.89(0.727  19.33 (1.05)?
4950  14.64 (0.59)? 1499 (059)F  20.95(0.75%  21.06 (1.31)2
5100  12.47 (0.56) 1220 (0517 2376 (0.53)°  24.73 (1.39)

2013 4400  17.02 (0.27) 17.77 (031)F  11.86 (0550  11.35 (0.46)
4500  17.95 (0.33)? 17.67 (0.12)7  14.14 (028  13.72 (0.68)?
4650  15.89 (0.13)? 15.66 (0.21) 1413 (0.42F  14.38 (0.41)
4800  14.33(0.16)? 13.98 (0.33)? 20.30 (L37)°  21.33 (1.03)
4950  13.63 (0.36)? 13.21 (0.21) 26.42 (L51)*  26.65 (0.36)°
5100  12.79 (0.52) 12.20 (0.41)*  27.86(1.25  27.13 (L61)?
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Fig 2.4 Altitudinal variations in (a—b) aboveground biomass (AGB), (c—d) belowground biomass
(BGB), (e—f) soil organic carbon (SOC), and (g—h) growing-season mean ecosystem respiration
rate (Re, daytime) in 2012 and 2013. Different letters within fenced (uppercase) or grazed
(lowercase) treatments indicate a significant difference between altitudes (P<0.05). Asterisks
denote a significant difference between fenced and grazed treatments at an altitude. *P<0.05,

**P<0.01, ***P<0.001. Bars indicated SE of mean, n=5.
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* 2.3 HGES) (G), WLIFE] (D) Je & HISZ HAE IR A RGN (Re) S HR K
JEME(Quo) BT Z T4 . *, p<0.05; **, p<0.01; ***, p<0.001.

Table 2.3 Results of repeated-measures ANOVA analyses for the effects of measuring date (D),
grazing (G), and their interaction on daytime Re during the growing seasons of 2012 and 2013.

Significant levels: * P < 0.05, ** P < 0.01, *** P < 0.001.

Year Model 4400 m 4500 m 4650 m 4800 m 4950 m 5100 m
2012 G 56.02"" 20.92™ 8.55 11.80™ 7.85" 5.61"
D 91.32™ 337.14™  302.28™" 156.05™" 124.45™ 181.07"
GxD 15.46™" 8.40™ 4.23" 3.82 0.43 1.93
2013 G 8.94" 1.72 3.07 9.62" 2.13 2.80
D 28.82" 49.12™ 70.18™" 45.28™" 18.92" 40.50™"
GxD 4.81" 0.08 0.16 1.71 0.23 1.019

2.3. 4 R GITIRAYEE SR

FERUIRIEIR (4400-4800), =o€ BH AR 25 R GEIFIR 5 R B 1 OC RS (R? =
0.13-0.28); MMiFER mHER (4950-5100), ¥ 8%t A= 4% 58 GNP (0 il FE 3 v (R2
=0.40-0.73) (3R 2.6 F1 2.7). VREUFRELE, @It IllE W L3R 2 5 E & RGN
R IE A G120 QuofEN T L A1 4 ZJ8], FEREE IR T mmiFh i, RO mnife
PO A ZS RGP IR AR U P ZE TR, B AT R4 Quo
WAL Z IR, (A2 B3, R Quo {H /LA KT FlE
o AL PIAMEIA] Quo I ZE R AR R E (B 2.7 FI 2.8). Fixt TR —D
R, FEMEIRBEIE b Quo ETE IR A BT A4 (R 2.9,
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25 BRGNS HAM KB T AR e 7 E&: (a) B2 4?=3.170, P=0.366;
RMSEA=0.022, P=0.492; (b) FE#:4k: %?>=3.170, P=0.366; RMSEA=0.022, P=0.492; n=60; )
Fig 2.5 Direct and indirect effects of abiotic and biotic driving factors on altitudinal variations of
seasonal mean Re (daytime) calculated by the structural model of path analysis based on the
observed data of fenced and grazed plots at 6 altitudes during 2012-2013. (a) Fenced: ¥?=3.170,
P=0.366; RMSEA=0.022, P=0.492; (b) %?>=3.170, P=0.366; RMSEA=0.022, P=0.492; n=60
Effects were calculated according to the standardized path coefficients. Re, ecosystem respiration;
BGB, belowground biomass; AGB, aboveground biomass; SOC, soil organic carbon; Ts, soil

temperature; Ms, soil moisture.

25



8 G 3 R ey R A 2 AR R i PR AR B L AR AR i 8 X

® 24 BEFEWNAES RGNS HAH SRR T2 0 5 B4 5 A3k A2 5 80(=3.170, P=0.366;
RMSEA=0.022, P=0.492; n=60).

Table 2.4 Direct and indirect effects of abiotic and biotic driving factors on altitudinal variations
of seasonal mean Re (daytime) calculated by the structural model of path analysis (x*=3.170,
P=0.366; RMSEA=0.022, P=0.492; n=60) based on the observed data of fenced plots at 6
altitudes during 2012-2013. Effects were calculated according to the standardized path coefficients.
Re, ecosystem respiration; BGB, belowground biomass; AGB, aboveground biomass; SOC, soil

organic carbon; Ts, soil temperature; Ms, soil moisture.

Model Direct effect Indirect effect Total effect
Re
BGB 0.781 - 0.781
AGB - 0.489 0.489
SOC - 0.394 0.394
Ts 0.382 -0.063 0.319
Ms 0.345 0.632 0.977
BGB
AGB 0.626 - 0.626
SOC 0.329 0.176 0.504
Ts -0.050 -0.031 -0.081
Ms - 0.809 0.809
AGB
SOC 0.281 - 0.281
Ts -0.129 0.028 -0.101
Ms 0.547 0.260 0.806
SOC
Ts 0.098 - 0.098
Ms 0.926 - 0.926
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® 25 HFAMER RGNS HAH R B 1 2 0] 1 B4 5 A 3R A2 2 8(3=2.049, P=0.562;
RMSEA<0.001, P=0.620; n=60)

Table 2.5. Direct and indirect effects of abiotic and biotic driving factors on altitudinal variations
of seasonal mean Re (daytime) calculated by the structural model of path analysis (x°=2.049,
P=0.562; RMSEA<0.001, P=0.620; n=60) based on the observed data of grazed sites at 6 altitudes
during 2012-2013. Effects were calculated according to the standardized path coefficients. Re,
ecosystem respiration; BGB, belowground biomass; AGB, aboveground biomass; SOC, soil

organic carbon; Ts, soil temperature; Ms, soil moisture.

Model Direct effect Indirect effect Total effect
Re
BGB 0.604 - 0.604
AGB - 0.286 0.286
SOC - 0.321 0.321
Ts 0.369 -0.159 0.210
Ms 0.495 0.389 0.884
BGB
AGB 0.474 - 0.474
SOC 0.332 0.200 0.531
Ts -0.225 -0.039 -0.263
Ms - 0.645 0.645
AGB
SOC 0.422 - 0.422
Ts -0.193 0.042 -0.151
Ms 0.336 0.385 0.722
SOC
Ts 0.099 - 0.099
Ms 0.913 - 0.913
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Fig 2.6 Altitudinal variations in (a) AGB stimulation, (b) BGB stimulation, and (c) SOC
stimulation due to grazing exclusion based on observations in 2012 and 2013. (Inset)
Relationships of Re stimulation to (a) AGB stimulation, (b) BGB stimulation and (c) SOC

stimulation along the altitudinal gradient.
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2.4 ¥ig
2.4.1 EVMETURBRESRZFERZETHHEEIERR

e FE B I i 5 20 A2 BN R 2 XU S0 (CSIT-QTP 1988). £ 7 ek
e S P, R A AN R A FEAR IR T2 S R R, T 7 R S AR BR ),
FE T EA AV E YA E BRI BRI A5x4 (Li et al., 2013; Wang et al.,
2013). E &N AR FOE KA, B tkE 7 K AR
BRGIFRZ=TTARAN . IEBFREREE, AEMAR RGN Y I AR,
H N A EARRIRE YU 7S RGP ZETE A X —E R E E SR
FELE 2y S B [ 78— E(Geng et al., 2012; Hirota et al., 2009; Jiang et al., 2015).
XA G5 S B AE Y B AR TR e s RS RGN AR R 2R G 4R bR

Tk FEE A DA DAy 42 1 v FE 1 A 3 2R G0 WP IR AR A ) 32 BERA 5 PRk [X] - (Saito et
al., 2009). SR, TEABIY, BAKHEHK (4400-4800 m) HIER RGFH SR
JERIR RS, XIS RIOK M ERIR EENIET . AU, SRy A+
K73 B BR I BRI, AR A R G RO TR B AR 5 55  (Davidson et al.,
1998; Wagle and Kakani, 2014; Wohlfahrt et al., 2008). £+ 51T HX, FFK
ALK RIS RGN SR8 R, —FH AN R e A A KA A
RGN ZE AL IR 5 BR 1] Rl (Qi and Xu, 2001; Wagle and Kakani, 2014).

FATH B — DR, B3 HUIRN E3S RGP IR R B
i o X AR T IR RE YIS SR A B TR AR KA 3 RGP IR AR AR A s
Fi. WHFRRM, HEANIRSESRGEWRKIK R, RREE B2 AR E Mk
A 1 B LE 491 ) 5 1) (Bahin et al., 2008; Davidson and Janssens, 2006). [Xl, b |
AW E AN R AR AR S R G IRARAL B RE R R BEHE A 1 A LR HL i
A FEME o X AT DR A 25 S, B N ANV 22 3 S ) 2 S
BEMK, M5 HEAVBRNERCRARE .
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R 2.6 GRS RGFIGH A R FERTK 4 1 R E 9% R (Re = aeP™; Re = aMs+
b). *P <0.05;** P <0.01; *** P <0.001.

Table 2.6 Regression models (Re = ae’™; Re = aMs+ b) for relationships of seasonal ecosystem
respiration (Re, daytime) to soil temperature (Ts) and soil moisture (Ms) at different altitudes based
on the observed data of fenced plots at 6 altitudes during 2012-2013. Parameters o and b are
constant coefficients. R? and P are for the determination coefficient and statistical significance,
respectively. NS, no significant difference; * P < 0.05; ** P < 0.01; *** P < 0.001. Values in

parentheses indicated SE of mean.

Altitude (m) a b R? P
Re = qe™

4400 1.229 (0.280) 0.032 (0.004) 0.128 (0.024) *
4500 1.221 (0.078) 0.036 (0.001) 0.149 (0.012) *
4650 1.033 (0.068) 0.062 (0.003) 0.298 (0.027) ol
4800 1.479 (0.112) 0.057 (0.003) 0.268 (0.029) Fxx
4950 1.295 (0.034) 0.073 (0.002) 0.407 (0.024) faadal
5100 0.758 (0.058) 0.107 (0.003) 0.729 (0.039) Fxx
Re=aM;+b

4400 0.135 (0.015) 0.904 (0.167) 0.214 (0.024) fal
4500 0.197 (0.012) 0.180 (0.105) 0.376 (0.028) xxx
4650 0.136 (0.012) 1.328 (0.181) 0.134 (0.023) *
4800 0.083 (0.008) 2.025 (0.121) 0.077 (0.010) NS
4950 0.075 (0.015) 2.695 (0.416) 0.071 (0.020) NS
5100 0.053 (0.010) 2.394 (0.188) 0.034 (0.009) NS
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R 2T FMGIREARE IS RGP A R FERTK 2 1 R H 9% R (Re = aeP™; Re = aMs+
b)e NS, IRAEZE; * F£IRP<0.05 **K/R P<0.01; **&K/K P<0.001

Table 2.7 Regression models (Re = ae’™; Re = aMs+ b) for relationships of seasonal ecosystem
respiration (Re, daytime) to soil temperature (Ts) and soil moisture (Ms) at different altitudes based
on the observed data of grazed sites at 6 altitudes during 2012-2013. Parameters o and b are
constant coefficients. R? and P are for the determination coefficient and statistical significance,
respectively. NS, no significant difference; * P < 0.05; ** P < 0.01; *** P < 0.001. Values in

parentheses indicated SE of mean.

Altitude (m) a b R? P
Re = qe™

4400 0.683 (0.038) 0.040 (0.002) 0.242 (0.019) ol
4500 0.903 (0.100) 0.044 (0.005) 0.201 (0.044) xx
4650 0.851 (0.071) 0.068 (0.005) 0.320 (0.035) ol
4800 0.976 (0.107) 0.068 (0.007) 0.281 (0.048) Fxx
4950 0.944 (0.062) 0.083 (0.005) 0.401 (0.026) Fxx
5100 0.645 (0.048) 0.111 (0.003) 0.690 (0.022) Fxx
Re=aM;+b

4400 0.059 (0.013) 1.061 (0.085) 0.103 (0.031) *
4500 0.151 (0.019) 0.408 (0.204) 0.252 (0.044) fal
4650 0.101 (0.004) 1.503 (0.084) 0.097 (0.008) NS
4800 0.184 (0.129) 1.779 (0.154) 0.052 (0.011) NS
4950 0.093 (0.015) 1.790 (0.136) 0.091 (0.008) NS
5100 0.054 (0.010) 1.881 (0.192) 0.055 (0.016) NS

31



8 G 3 R ey R A 2 AR R i PR AR B L AR AR i 8 X

(a) 2012 daytime
3+ @ Fenced
—8— Grazed
D]
09
14 2
R’ ...=0.898, P<0.001
R’,...,~0.880, P<0.001
g | | I | I I
(b) 2012 nighttime
49 R®.__=0618, P<0.001
R’,...=0.585, P<0.001
3
QE
2 -
1<
2 | | | | | I
(c) 2013 daytime
3
S )
@
]
° R’....,=0.897, P<0.001
R’,.,..0.837, P<0.001
1 | | | |

T T
440045004650 48004950 5100
Altitude (m)

B 2.7 B P4 Qu bl AR (k% ; (a) 2012 (K, (b) 2012 B I, (¢) 2013 (K.
Fig 2.7 Altitudinal trends in Q1o across fenced and grazed treatments during the growing seasons
of 2012 and 2013: (a) daytime Q1o in 2012, (b) nighttime Q10 in 2012 and (c) daytime Q1o in 2013.

Bars indicated SE of mean, n=5.
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2.4.2 HGRE SR TR AT E SR GRS

FEABEFE R, A= A Hb b AR P R T A=) & B ARG 22 e BB B X T s
BEA%, H 5 RN AMNERS RGP AR 22 5 82 IR S . IRATI A KRB, Tl
AR R T A 2 R 0 PR 52 00 0, T BB B AR WA K T T B E R B,
K BN LA I B AN B PR T AR, PRI o A A ) 3B N B 5 70 i
Wk, AT [AJHE BRI T 3 AE W (Cao et al., 2004; Chen et al., 2015; Jia et al.,
2007). fEm2EHH, M AV ERRWR KR ERE T AES KGRI .

VFZWIRY], U e Bk 2 5 A LR (WU et al., 2008; Wu et al.,
2010), A A BT RIS - HEA HLERA B n(Shi et al., 2013). fEAWFIT
e, B 7 SRRSO b A i A A A ) S L e A R . R,
T3 UK AT BERT FEAE N A2 R G B AR I3 BRI o L A BT 7K
PR FAAR T 7 2 B = 3 A= 0k (Fu et al., 2012; W et al., 2010). U8 T
FEPA AT E R B 70, A 1R S, AT 1 AR 2SR G (Raich
et al., 2006; Wan and Luo, 2003). 55— 51, AW 783 B BUBON FELARE O K £ 1) 2%
R T LR EAK S, e B S RGP (L et al., 2013b; Wei et al.,
2012). ZAT, FRATEEWIRITERS 7 FRRE, R R E A N Ah IR
MUK AW RZESR. B, EAReH, BIRET (AT, TRIEEM L
KD BB AR M ARRE TR T 51 RS O A2 25 R G IR ) AR AL

Quo RVEM LSRG EBURMEN EES L —, [ 2N T 23KE
MR, AEARWTTUH, ASRGFRE) Qu a1 1M 4 Z (8], /T LM sE4
SRGHT T PARIE R Quo fE IS Z M (Lin et al., 2011; Peng et al., 2009). i
REABH) QufE, W5 LER PSR Quo HHIIR B AU RHIS5 8 —2
(Atkin et al., 2015; Chen and Tian, 2005; Peng et al., 2009). AT 73—
1, BEAZZEMORE NS PR AR AR S 2R G0 PR ) et P AR AP o TR AT o0 L A2 R A1 il 2
SEAEFRIBIL A1) 0 AN WA, (B K78 PRVBURH S8 A5 1) i JIE 2980 2 o) A 420 A A ANl A= 477 )
ST ] BE A B E4E FH (Augustine et al., 2003; Bardgett and Wardle, 2003). [FJHY,
K E YRR B R R EE 1R TSV B 0 W DL SR R TE SN, AT R %
5 WUB 5T B S o I B AU (Paz-Ferreiro et al., 2012). A4k, FER: AR I
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v B DA A7 SR AR R T 5 AR i PRI, 32 1T 5 i P B JE A R R ¥ 40 It
B, mAFBIFHR Qu T FE.

R 2.8 W7 Z o Wi shobh FE A P A Quo SHFHAEE FE 2k A IOARER AN 22 57

Table 2.8 Differences in slopes and intercepts of single linear regressions of Q1o against altitude

between fenced and grazed treatments according to analysis of covariance (ANCOVA).

Year Coefficients Fenced Grazed F P
2012, daytime Slope 0.002 0.002 0.000 1.000
Intercept -9.321 -9.161 4.20 0.045
2012, nighttime Slope 0.003 0.004 0.397 0.531
Intercept -14.456 -16.386 6.192 0.016
2013, daytime Slope 0.002 0.002 0.011 0.916
Intercept -6.373 -6.359 5.141 0.027

2.9 WRHFHRBR L A A Quo XS T 46 25
Table 2.9 Results of Paired-Samples test for the difference of Qio between fenced and grazed

treatments along altitudes during the growing seasons of 2012 and 2013

Year Time Treatment  Mean Q1o t df P

2012 Daytime Fenced 1.67 -4.286 5 0.008
grazed 1.83

Nighttime Fenced 1.85 -7.279 5 0.001

grazed 2.34

2013 Daytime Fenced 2.26 -4.059 5 0.010
grazed 241

2012-2013 Daytime Fenced 1.97 -6.184 11 <0.001
grazed 2.12

34



8 G 3 R ey R A 2 AR R i PR AR B L AR AR i 8 X

B2 BATHIEEE R A RIREAON L 1 RO 26 25 28 STl (R 5200 5 U
SUE A EAA R F I, B A A SR AT B AR A 2 AR Sy I A fURK
Pho WEFCEE AW, TR AT BE M iy 6 5 A 285 28 GE WP IROGS G R FRI  o
 ERCAT AR D B v 9 B 2R 25 AR R, AR AP P — i i o B e I SRR
TAE, Vi BdtAT CO R AR IIESEMN, LAt — P VG AR Z= 11 Qo HYAZML
AL S T 98 LI PR AZ AL AT Quo HIFEMA LA o

2.5 INGS

IR L (4400-5100 m) 7 SEFEAZEEMSLIG SRR B ZE S b
VR T AR RN A S R G IR R AR A S o i A A A S B LR
MIZZ5 AN o B A B B BRI T i A, 5 PR AR A B i 2 1
K. Quo BEEMFAAIIG NN, HEFE Quo A & RIS . JAIMH
FARRW, VRN E A TR ES RGN BRI ZR G T br .
FEZRIE P AR D FATG e T8 0 A 25 28 G T P B0 ) — P B BB T
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B=F BESLEENRKAESTUNSEEMESREGTREE
iz FE SR Y R i)

3.1 5|8

SRR P E A 28 2 AR ST iy B A B A VG R Pk AR AL, RIS s 8 2
B RGUK G E = IR (IPCC, 2014). I ERK o2l LS KRG EML
TR B A P T, R AT R K AR A B s o SR e AR A R G R S AL A T
AE(Lu etal., 2013; Wu et al., 2012). fEURARIRTE 5T, MBEES RGN E
AR AT BE 23 BRIl i 8 i PP ORI SR, AT SR BRSOz WK
(Heimann and Reichstein, 2008; Welker et al., 2004) L f A k= %281k (Flanagan
and Johnson, 2005; Wang et al., 2014; Wu et al., 2011). K, 43 & ARG E
2P e 1 K BB R a6 AR I A 25 3R G P IROR AR SR AR IR BT &2 (W et al.,
2011a; Zhang et al., 2015). #R1M, XL 2 M2 5 B TRAEF SN AESRSR

DR, TR R AN B K AR A AE A FH R SR SRR X A D

225 R GERR R AL SE A IR SR, R b A A AR G AR PR ) B B2 i
B84y, FESZIRE. KRR N A 520 (Bond-Lamberty and Thomson,
2010; Davidson et al., 2006). FFUIE IR IG5 A o M iE AR RS =il &
AR RV R RS T, NI INAE S RGO (Lu et
al., 2013; Rustad et al., 2001; Wang et al., 2014; Wu et al., 2011). #AT, 7EEF 70
I, AR A AR G PIRORHIR B W S AT 7T 4 SR AN AR A, BT A2 S R G
W AR A FACEAE 2 DAY 1 U 5 B0 K 70 SR SR T ARG T B S A FH (Liu et al., 2016;
Wu et al., 2011). X FE2 K7 BIER IR &) 1 S E DB S o2 i, B i A At
A= it B R A5 1) 3% N (Davidson et al., 2006; Luo et al., 2001). L&, <R
A R TR D, A ORREIRA AE Y& A UK 73 AR 2 AN A e
W A5 2 T A —F 458 (Conant et al., 2000; Hart, 2006; Hu et al., 2016a; Link
etal., 2003; Luan et al., 2014; Mills et al., 2014) .

T 90 e J5 A DI R i e vy A K ) B B 7, AL DA A o i A AR A B i 55
FEUR X 2 —(Koven et al., 2011; Yang et al., 2008). = % 5 & 75 ik e Ji
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TR R, B ALN 1.2 <108 km?, N T HEIFH T s 2 S a5 N TS
1B Ak Py I, 75 6K v SR PR v FE L) AR 28 RGP IGEEAT 1V 2 P a5 (Liu et al.,
2016; Wang et al., 2014; Wu et al., 2011; Zhang et al., 2015). $R1j, XLEEHFHR FE
IR T IR AR A RGP N, I HAF R TR SR, B IR 5 2

ARG (Hu et al., 2016; Zhu et al., 2015), [FILAZS RS (Fu et al.,
2013; Zong et al., 2013) FIXFAEZ RGPS A L2 (Chen et al., 2016; Lin
etal., 2011).

LA IR T SR AR ZS RG AW TN TN RE S 1 78, bR T A7 4% 1 St
B, EARASARAR T LA R 7 AR S R A RR I 2 R A8k . JRATIE & 75 i i L
TR 7 — AR B 1A] (4650 m. 4950 m AT 5200 m) it HE Bz A [ #4 4 5256
ZSER R RS T 2011 4F 9 H MAJJTEG . £ 2013 4E A1 2014 FEIAEKTE, 3Kk
AFERRAN MG B BRI N 23 7 8 T AR S RGP I H B fZ= 5840 A9
2 DA GRS IR 7 o FRATT RO 72 H 002 BRARAS 5] 7K P AH & AR A 0 v FE B A
25 RGPS LR P SR () 5

3.2 MRFTE

3.2.1 WX IE#ER

B T SR TP R A X R R O . R B AR VAR 4650 m E
5200 m H&H b hz L FE 3 F(30307-3082" N, 91903’ E; 4650, 4950 and 5200 m
a.s.l)o 1ZMIX Jyrm RN FE 2= KT R AR iR SRR ERICE, ZIX 2
 (1963-2010) “PHRIE 1.8 C, ZETEIFEAN 479 mm. WIARN, TR
Wi, AT 40 REELIKR (1963-2010) Lok, ZMIXRETHmWIE (£) 1.6 C),
1M K B AR PR 22 R, AR — B

AT T AL BB RS BERE R, )32 40 A LA Ll S B (Kobresia pygmaea)
AP i FE R A . Hrh BRI S AR FE TIA B 50 % - 90 %, fAEAR T3
—AET 3 em. WA R R EA . R GHME (Androsace tapete) . &
& B (Kobresia humilis). FHH: & % (Kobresia humilis). E#Z (Polygonum
macrophyllum). %] #:Z %3¢ (Potentilla saundersiana) « 1 L AL (Thalictrum

alpinum) . AKX Z X E%i )8 (Saussureaspp.) - HHJE (Gentiana spp.) Fljg
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HEJR (Saxifragaspp.) SFE¥). HHEASEL, R, MR, LR
KRB BRI R 8, AL, AR SRR (AL, 2011; %
B, 2012) o AL HOHOUR X BB R R S B R A

O 5200m

O 4950m

O 4650m

K 3.1 Sk o A

Fig 3.1 Distribution of the fences at each altitude
3.2.2 LIt

2011 4Ef¥ 9 H NAJ, FATES 4650 m, 4950 m A1 5200 m 1) FEAZFEH A 1)
mFER AN R, XA IR T R R (B 3. 1. fF
AR BN, 2 0F2E 18 BRE . (Ko< = 0.7 m 0.7 m x0.3m),
K Horh 6 B 7 {7 BA 1E SRR 6 FE AORE D P 1 Xt B, T 59 o 12 By ) R
s ) AR B oA 2 SRR B AR P, AN ERATE S RS AR 6 B
RIS, T PRAE &R R RS R T — B0, FRAT TR T HEURE b P 55 5 L EAT T 450
fWi#s. Fit, RHFFET, SIEBHEEE 54 A ERIEE R, AT RY R
ek, IRATH B RN R AR JEE, HAREE, B\ lis sz E
Mo wBEBMAERE, BATWARE T8 R ) 5 2 BREALE (B
3.2) o NTBIIEAERA, FrA MR 20 m>20 m 1 FEAL .

FERRANRE O I B T, JRATT I B HOBO /N {3/ 535 (2005 4E42 40,
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W0 AR KBS o AR 30 2Bt — U, Bl s
MRk H 3 58 K

3.2.3 £ARGEIRADNE

2013 FRIERFITIAHT, TAVER DR B, Al E424)
J920cm. %) 5 cm () PVC M5t i RR 22 e e b o Dyl i i 2 1) 4
P, FATH O 2B ITIAE 7K AL PRI 7€ JEE R, £ Jim 52 ) PP 5
AP E) . fE 2013 41 6-9 H F1 2014 41 7-9 H, FA T R AL RIE 474
RGP IEH AL (8:00-18:00), HEARIIMERIFE A 2 /. £ 2013 4, &
HME—IR, TAE 2014 4, BFHIMWEMNIK. 23R G E A AT
TSR E &R LI-COR 8100 +1 CO, AN RSt [N, 4T HAAF A
P2 (R A 3R B AR 73, FRATIE A A LI-COR 8100 b iy 358 I B2 44 =k
(Type E, OMEGA Engineering, Inc., Stamford, CT, USA) 17K 73 1% #2435 (Type ML2X,
Delta-T Devices Ltd, Burwell, Cambridge, United Kingdom), fE% il & FEIK () 7]
I, e85 em BT AL AR 7 A .

3.2.4 #h FHEYISEHINE

£ 2013 A1 2014 “F 1) 8 H v fy, ALK ZR s ], JRA 1T TR A .
WATHERRAFEH IR R B R RO A, 43 B8 T 50 cm <50 em FIFE DT, 4R
JE B IX EERE 7RI 73 9 25 A4S 10 cm <10 em I/ T, R 2 PRI A 00 5 M AR
F RIS BRI . B TR R N R A RN, AT R R
BRI 1) A A B AR AR B 077 R SRV B AR T A A L A % 2 2 ) b B A )
= (AGB). ZIHTAMERIME, HIeEAALIFEM, R MM
fE L ma A AR R, ST AEYMATR S EAEIE RS R TTRE, AT
BT W BRI AT A E R AR B AEASSCH, AR ERIAE S, FRATR
FI'T Wang S5 1if HATEAR [RIRFF F0RE N BT SRAF I, ARAE AR = T2 L 35 Rl b A=)
AR E RS E A ER SR TTFE (Wang et al., 2013; T,
2011).
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4950m
4650m —

K 3. 2 BT 5 M A AL IR AN 7K 2 AL 36 s 7= K

Fig 3.2 Experimental design of transplant experiment within a climatic gradient

3.2.5 Gitotn

KK ETT 200 (ANOVA), Tukey £ 5 HLE M AN IR RE 2 7] 2
TR (AT BEK (AP A RKZFERR (GST). AERKZFEFIKE (GSP).
FHRE (To. BHEKSEE (Mo, b EAEME (AGB). HIEAHHLER (SOC)
LIS RGP (Re) MIZESR . KH I8 HT AN 2013 4R 2014
FEXTHERE L SRS M AR b 2 (A1 - AE )R (AGB). HIEH LK (SOC). ARG
WP (Re) RHIRFEHUERNE (Quo) MZER. RHXHETT Z0 (N E
AEFED XEASERER 2013 4R A1 2014 EAEKER Re HEAT 0, A 0 A LR MoK
PN P<0.05.

K AR AR 3 AR S RGPS IR 0 R

Re = ae™
A, Re REAEBRGIIN, ToRRLIERE, o b NEHRE.
M, AKFATZRATH (Quo) MR BUBRMERTHEA RN
Qio=e'®
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St RERE IR A AR Hh 2 ] AGB. SOC. Re PAJ Quo [FAHNT 2 5%, FRATH T
T ) 2 SRR IR
FEXS 22 5 5 (%) = 100 < (B4 — XJHE) / X i
B B2 #3557 ) SPSS 18.0 (SPSS Inc., Chicago, lllinois, USA) #E4T,
Y %448 ] Origin 8 (OriginLab Corporation, Northampton, MA, USA).

3.3 &R

3.3.1 WMREREN

W R AR 2 4 (2006 - 2014) FUAEFIAEMAKS (6-9 A)
SRR IR A W T R BRI, o 4650 m, 4950 m 1 5200 m FEH AR
BN 1.75°C, -0.22°C A1-2.25 °C; AEKZF PSRN 8.44°C. 6.21
°C #14.23°C (3k3.1). &KL ZHE (2006 - 2014) ~FHIFERFKERMERK
Z= (6-9 F) /K&, 4650 m #EHh % KT 4950 m A1 5200 m FEHE, 17 4950 m
15200 m —F Z [AEREK EMA KRR B ZRARE (3D, FFER,
£ 2013 A1 2014 4F, Al AR /K B S I AR R R > Aid% Jm (181 3.3) . b4k,
AKFE (6-9 ) PR G T 5 om) th 2 HUBERFR T e i B AR S
HAKM, 7 2013 4F, 4650 m, 4950 m 1 5200 m FfHb it 35835 & 43 7 A 18.84°C,
16.09 °C 1 13.85 °C; MifE 2014 5, 737y 15.57°C, 13.11°C Al 11.40 °C ([
3.5a). SUEHRESE LIESKE GBR 5 cm), 7F 2013 E4JN 17.67, 28.42 Al
23.35 %, IfifE 2014 4% FH 4 13.83 %, 25.98 %+ 21.59 %.

MEL R M 4650 m 43 FHE £ 4950 m F1 5200 m AEHEET, SR RE AR K ZEP
BYSIRBHIGEFEHL 73 m FEAIC 749 2 °C A 4 °C, 1T FEZK 43 7 AR S 3 35 Im 1 &4
25 %M1 21 %; MR 4950 m BB F] 5200 m B, AR FEHLA KPR
WILEFEHL PR T2 2 °C, PR B R . 557 I 4950 m Al 5200 m (R HE
BAEE] 4650 m [RIFEHLIT, FERAE AR KPR B AR 2y A N 1 4 2
°C i1 4 °C, i B 7K 73 AIAHT S 25 BEAIK T 49 20 %A1 18 %; 4L A\ 5200 m R FE
Hi LA 2 4950 m FEHUIT, FEAREARHL AR KF P SIRBIARE I N T 2 °C, 1
B KA
3 3.1 2006-2014 4[] - 4R 06 FE A AR 38 SR AN B K R DL AR K TR (6-9) T3
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FRATEEK R . BESIEERAN [F] 1 5 BER ORIk R 22 7 2 (p <0.05). FHINA

HId 2 SE, n=9.

Table 3.1 The average annual air temperature (AT), annual precipitation (AP),

growing season air temperature (GST) and growing season precipitation (GSP) at

each altitude from 2006 to 2014. Different letters indicated a significant difference

between altitudes (p < 0.05). Values in parentheses indicated SE of mean, n=9.

Altitude (m) AT (°C)

AP (mm)

GST (°C)

GSP (mm)

4650 1.75 (0.18)?
4950 -0.22 (0.17)°
5200 —2.25(0.18)°

387.57 (47.58)°
489.76 (35.73)?

468.19 (39.35)2

8.44 (0.76)?
6.21 (0.73)°

4.23 (0.72)°

326.02 (42.94)°
408.82 (31.57)?

395.29 (34.24)?
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15 ////

10 —C— 4650
—0— 4950

—8— 5200

Air temperature (°C)
n o o

-10 4
200 //
(b)
150 I 14650
) 7 14950
£ I 5200
[ o5
S 100 4
o
o
()
[0}
x50 4
0= I [
J M M J S N J M M J S N

Date (2013-2014)

[ 3.3 2013 A1 2014 A ARG (4650m. 4950m AT 5200m) 1y F& Fi fa] £ b
HIH BRI (a) MPEKE (b) 3%k
Fig 3.3 Variation of monthly air temperature (a) and precipitation (b) for the alpine

meadows at 4650 m, 4950 m and 5200 m in 2013 and 2014
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#* 3.2 BIGHBEYIGFE IR (Ts), LK (My), th BAYE (AGB), TR
Bl (SOC) FIAER RSN (Re) MZESR. ARITFRERIRIGR A Z 53 . 55T %L
F#R SE, p<0.05.

Table 3.2 Soil temperature (Ts), soil moisture (Ms), Above-ground biomass (AGB), soil organic
carbon content (SOC) and ecosystem respiration (Re) of three altitudes at their homesites in 2013
and 2014. Different letters indicate significant difference at 0.05 level. Values in parentheses

indicated SE of mean.

Altitude (m)

4650 4950 5200
Ts (°C) 17.21 (1.89)3 14.60 (1.73)P 12.62 (1.53)P
Ms (%) 17.08 (2.66)? 28.53 (2.04)° 23.81 (1.92)°
AGB (g m?) 388.85 (71.65)2 468.08 (36.94)° 281.69 (27.78)°
SOC (g kgh) 46.16 (7.37) 109.90 (10.69)P 69.79 (9.70)¢
Re (umol m2sY) 2.90 (0.32)° 4.06 (0.13)P 2.40 (0.38)°

3.3.2 M FEYEMTIEFINKS 2

%F T 4650 m. 4950 m 15200 m A, BEANEEK T IFEH (RGO
7 2013 £E 1 2014 SEHb_FAEWE 253~ 376.4 gm2. 4455gm™ Al 261.9gm?,
Wi 7E 2014 4E20 514 401.3 g m2, 490.7 gm?2 41 301.5gm? (¥ 3.2). 58/
RS E R IREE AR L, B NBAR ISR B M BB ik GREFRIRD, &Ik
BAERE L AR R R UGS (B 3.5). 1 2013 A1 2014 F4EH, HiRE
M 4650 m B 73 A HE 2 47T 4950 m F1 5200 m FUFEHLfE, R AR AL P Y |
AW RO IR BRI > B FEK T 16.03 %R 28.35 %; HEHZ M 4950 m FEHLES A F
5200 m J&, FEMEREHL A B A EREAR T 20.34 %. SR, FBZ M iR RS IE
PR GREZTHED, M B BRI RAE (E3.6). 24 4950 m Al 5200
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m A ML B 7 A BB R E 4650 m ARHLR, M A E R E R, Hih RAEYE
(AR5 ) 43.10 %R 41.77 %. 1124 5200 m #1155 57 F4 4% £ 4950 m
Hols, tHh EAEVIEA MG, HEBRE)S YR AR 10.42 %.
XFT- 4650 m, 4950 m 15200 m A, BN IERE (BRI
2 LAY S EER T, 738 46.16 g kgt 109.90 g kg™t 1 69.79 g kg™
(3 3.2). SR, WG AT B A AL IR S, S5 RANEEIR S B X B
FHEE, M LA 2= R A EE (B 3.5 fIE] 3.6). 7£ 2013 Fil 2014
e, BEZ M 4650 m REHL A HIFSAE EIAL T 4950 m Al 5200 m fIREHL S, THEA
HUBR IO M ST AR AL 25355 h 0.60 %A1 2.18 %; B M 4950 m FEHLAZ HE %] 5200 m
Ja, TIEAHURREIAX AL R N-4.98 %. Z4E M 4950 m Al 5200 m B R AR
F| 4650 m FEHUIT, HIEAUHR A X A Z 50 51 9-14.07 %A1-12.85 %o 1Ml 5 5L
M 5200 m FEHE F] 4950 m FEHUE, 358G ML AT AR A 250 51 R 4.40 %.

3.3.3 ARG

£ 2013 Fll 2014 4, SRR FERIRE R, BEREREHBAN % E X R0 REAE AR
SRGWN EFMFEIRZEN S (B 3.4), XFF 4650 m. 4950 m 15200 m )
FEAL LRGSR Ot IEREHL) MRERE, A KPR RGIFIR I 2 AE
2013 E43 5124 3.03 umol m2s71.3.99 pmol m2s 1 fil 2.71 umol m2s7?, [fj7E 2014
TR FE SO FEFEHL ) A2 25 RGP 2653 108 2.76 pmol m™? st 4.13 pmol m™
sHAI 2.09 pmol m™2s7t (3% 3.2). LRI E WNBAUEK B B B ik E, &M
T s HERE 5 B RE R A UL, 1 e AL B T 350 S 35 BRAIC 7 #%/NI BAORE L A
DRG0 F 4650 m £ £ EFEEHh, M5 R N 4650 m 43l B i £ 4950 m
H15200 m, FAEARADL PRI 5 BUAE A R GEFIRAR AL AR 53 1) 79-11.96 %A1-35.60 %( K]
3.5g-h). [AIFEHL, X7 4950 m #HE =, FEZM 4950 m FEHE #] 5200 m, FE A
BRI S 3RS RGN AR L2 H-14.59 % (18] 3.5, SRT, 45 57 M iE iR 7%
FERRIFIR G, AR AR 5 X A 265 2R G0 W Rt o6 (1) B 5 SR 5, 24755 2 A
4950 m A1 5200 m 43 HIFHE S 4650 m i, [H/KEE L, BREAENE T8k
A RGP 2R3 ) FAAR 1 -29.65 %A11-14.54 % (18] 3.6g-h). AR, HE L
M 5200 m FEAEH 4950 m i, BEKZERA R, BREEDIED FEES RGN
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W AR X AR 4k %R Ry 18.06 % (18] 3.61).

8 11 17 17

L4 14 "
(a) 5200 m — 4650 m: T+4 °C (b) 4950 m — 4650 m: T+2 °C (c) 5200 m — 4950 m: T+2 °C

O CK

e 61 @® Warming| | 55 ;

(2]

“.‘E lg (} g

T 44 E - F

£ 3 Qilg iili[ 3% .

% ?i é L iIeg !3 % &

o

€ ,] 31 ¢ 8 3 §§G i *Ta | |47 EEQ“%O

i L s & L NE e
s & ® g

o T T T llllll T T T T T ll’/’l T T T T T l;l’l T T
8 JL JL JL

L4 " i
(d) 4650 m — 5200 m: T-4 °C (e) 4650 m — 4950 m: T-2 °C (f)4950m —» 5200 m: T-2 °C

50 164 O cK . - 3
"0 O Cooling
(\"E % &
g l le g
S 4 . .
£ by ° b o o % ér é P
2 11331 4 L pg 5 g 85
o g <+ L Te ¢ $¥dg 2 3
24 2 2 e 394 & g9 - .
8 e} 3 <] é & e §
]
o T T T IIJII T T T T T T T i’ll T T T T T T T l’ll T T T
Jd J AiS J A i8S J' J A8 F AL 8 J JA IS J A i8S
Date (2013-2014) Date (2013-2014) Date (2013-2014)

3.4 2013 1 2014 45 XL 1 5] 5V B ) A% RELAE SRS B2 PR 0 HEARE M PP B2 () 5200 m
X REFEHD AR AE 1) 4650 m FEHE: () 4950 m X BEFEHI AR AE 1) 4650 m FEHh: () 5200 m *f
HEREHO AL AL 4950 m AF3l; (dD 4650 m Xt AR LAIFZAE S 5200 m #Edh; (e) 4650 m )
REFEHL AL R ) 4950 m FEdl; (F) 4950 m X HEFEHLAIFEAEE] 5200 m FEdh. 250t
FEML, KEOFLRER, AOFRRIGHE.

Fig 3.4 Seasonal variations in ecosystem respiration rate (Re) of three altitudes (4650 m, 4950 m
and 5200 m) at the control plots and the translocated plots during the growing seasons of 2013 and
2014. (a) the control plots of 5200 m and the translocated plots when transferred to 4650 m, (b)
the control plots of 4950 m and the translocated plots when transferred to 4650 m, (c) the control
plots of 5200 m the translocated plots when transferred to 4950 m, (d) the control plots of 4650 m
and the translocated plots when transferred to 5200 m, (e) the control plots of 4650 m and the
translocated plots when transferred to 4950 m, (f) the control plots of 4950 m and the translocated

plots when transferred to 5200 m.
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4650 m — 5200 m: T-4 °C

4650 m — 4950 m: T-2 °C

4950 m —5200m: T-2°C

600
(a) 2013 (b) (c) =
7712014 A 1
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& l b J. T I /
E 3004 B 5 | /i
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P Iy / /
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T
s, 1004 I 7% I }
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-
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O s04 T a 4 T a
n 1 T i) T 1 d T T
) [Pz Za
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5
(9) (h) (i) N B
4 - i 1 z B
R A A 7 b
"o 3| T a | T a A =
(\"E l 1 B l s s b
_g o / : - / /T/
= - //’ //
% =
e / | /
0
cK P+21% cK P+25% cK P-3%

Precipitation treatment

Kl 3.5 Bz EABAE (FED J5, SRR A RO IR SR AR 2 Rl B 3T
WUBRANAE S RGP 22 57 o AN[R] 7 BEROS R R A RS 2 18] 22 57 .25, p<0.05. K

AR 2013 4, NS FREER 2014 4.

Fig 3.5 Difference in AGB, SOC and Re between translocated sites and CK sites for different

altitudes. Different letters indicate significant difference between translocated sites and CK at 0.05

level.
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5200m — 4650 m: T+4 °C

4950 m — 4650 m: T+2 °C
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Fig 3.6 Difference in AGB, SOC and Re between translocated sites and CK sites for different
altitudes. Different letters indicate significant difference between translocated sites and CK at 0.05

level.
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3.3 4 EBRGITRRRSIMEREFRIK R

IIMT ORI, SR R P A S AR G H AR F A, T 3K O X
A R g8 H AR B RRE LA U (3R 3.3) 0 JRATTRS B4R B B Akt R o
RIAEBRGFR G E KPR A RFRKENRRALRE, HASRS
RO AR B S AE KRR PRI R R E R KRR (K 3.7). AR,
M5 RIS RGN S YR DIRA PR EMAC (B 3.7, FHift—
oA KB, REARRALIR BERK 7 224 5 AR5 (R AR X AR A B AT FA) A X A2
R R EMIC, WA PERAR R BT RE R, (B 3.7,
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* 3.3 BIFRBH AT T S RGPS LIRR KA IEHR R (Re = ™ Re =
aMs+b). HA, RZNMEREE, * F/R P <0.05* £8P <0.01; ***%/~ P<0.001.

Table 3.2 Regression models (Re = ae’™; Re = aMs+ b) for relationships of seasonal ecosystem
respiration (Re) to soil temperature (Ts) and soil moisture (Ms) at different treatmets during
2013-2014. Parameters o and b are constant coefficients. R> and P are for the determination
coefficient and statistical significance, respectively. NS, no significant difference; * P < 0.05; ** P

<0.01; *** P < 0.001. Values in parentheses indicated SE of mean.

Altitude (m) Translocated site (m) a b R? P

Re = ae™

4650 4650 0.759 0.070 0.532  ***
4950 0.629 0.087 0.584  ***
5200 0.467 0.091 0.586  ***

4950 4650 0.668 0.077 0502  ***
4950 0.861 0.097 0.629  ***
5200 0.851 0.095 0.609  ***

5200 4650 0.545 0.071 0.508  ***
4950 0.555 0.098 0.563  ***
5200 0.581 0.099 0.665  ***

Re=aMs+b

4650 4650 1.173 0.102 0.120  ***
4950 1.037 0.053 0.027 *
5200 0.471 0.052 0.100  ***

4950 4650 1161 0.097 0.107  ***
4950 1.235 0.100 0.047  **
5200 2402 0.046 0.020 NS

5200 4650 0.809 0.067 0.106  ***
4950 1.241 0.053 0.027 *
5200 1.376 0.041 0.028 *
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Fig 3.7 The relationship of growing season air temperature (GST), precipitation (GSP),

above-ground biomass (AGB), soil organic carbon (SOC) and ecosystem respiration (Re). Insert:

the relationship of transfer-induced changes in GST, GSP, AGB, SOC and Re.
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3.3.5 £TARGMTMANEESEM (Qu)

S TR BB AE S FEBE L, 4650 m. 4950 m 1 5200 m, A7 RS
(iR BE BUEME (Quo) 7E 2013 1 2014 4537108 2,12, 2.90 Al 2.68 DL K 2.29.
3.13 A1 2.81 (¥ 3.8). W T mdEF A, AWTLKI, X TAFEHR, BB
5 Quo ek o B k. BARNY, XTT 4650 m MFE S msE i, MR
R F| 4950 m A1 5200 m FEML)S, TREFEAS, PRI, Quo A FERHES: X
F 4950 m FEHh, MEGRAE] 5200 m ARG, EREERRK, KRR,
Quo ZE IR . [FN, AFEEREMIGIRG, £ RGP R BRI
WA RAHIF] . %FT 4950 m A1 5200 m A, 42 M 4950 m Al 5200 m Ffh
o AE 2] 4650 m FEMLE, IREETHE, BEAKIRD, QuotH 2 FEAC: SR1M, T 5200
m PR, 245 M 5200 m S HEE] 4950 m FEHLE, BRKABRIEAR B3, BRIER
X Quo I A R (K 3.8), &z, MKZERZFEMERE, BRENINR
IR T Quo ML E: BEKZEFALZE IR, BRI R

Quo IARACAN 5 o R B 7K AT 1oy 78 i A A 285 2R G WP IBORHIR P P BB 1k LA
IR

W 55 VR P AR 0 PRI RS A A R 5 20 M R I, Quo 5 GST 3 1
FHK, M5 GSP. AGB. SOC WEIEAHK . BB fG, FAEFE O I
FEH Quo HIAXS AL B 5 GST HIAHXS A& & B2 Tk 5%, 15 GSP. AGB. SOC
HUARS A A B B 2 1B A5G . X HE— 2D U B, Q10 BEA il B B 19 n i B A1, i i o
K i (E3.9).
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F, ARE5EE: 2014 FH/NE 5Bk P<0.05

Fig 3.8 Temperature sensitivity of Re to warming and cooling for each altitude. Different letters
indicate significant difference between translocated sites and CK at 0.05, 0.01 and 0.001 level. (a)
the control plots of 5200 m and the translocated plots when transferred to 4650 m, (b) the control
plots of 4950 m and the translocated plots when transferred to 4650 m, (c) the control plots of
5200 m the translocated plots when transferred to 4950 m, (d) the control plots of 4650 m and the
translocated plots when transferred to 5200 m, (e) the control plots of 4650 m and the translocated
plots when transferred to 4950 m, (f) the control plots of 4950 m and the translocated plots when
transferred to 5200 m.
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Fig 3.9 The relationship of growing season air temperature (GST), precipitation (GSP),

above-ground biomass (AGB), soil organic carbon (SOC) and the temperature sensitivity of

ecosystem respiration (Qio). Insert: the relationship of transfer-induced changes in GST, GSP,

AGB, SOC and Q1o.
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3.4 itig
3. 4.1 EERGIFINXEE FFEK LAY R

BATVRIFL e 0] R CRIERRID 5, AR RGEFREE RIS, X5
125 — AN R IR 7L 45 3 (Hu et al,, 2016). 5% 7 [ R RCRA
A, FRZI) NAEAE (MR XA RGP S SRR S PN G 2R . BB
B¢\ 5200 m FEAEF] 4950 m Ji5, AEARGAFRIG N 1A 4950 m F15200 m B
2] 4650 m Jo, AASRGIFR K. [FReM, 767 e R b S e b i
ISR T A-BER, WiRE, ARG (Hu et al., 2016;
Zhu et al., 2015). F&{% (Fuetal., 2013; Zong et al., 2013)F1 A4 (Chen et al., 2016;
Lin et al., 2011)5F =FfE 0. XKW, RAZIRN; o R A28 R GERF R 5
A fg ik 52 A PR 2 B9

— kUL, SRR BRI o AR LR E Y, AT S
AR RGP (Lu et al., 2013; Rustad et al., 2001; Wang et al., 2014; Wu et al.,
2011). {HZ, XA IR (2 BEE F 2 BRIG IR 5 B0 387K 70 ook 2 T AR T B
F(Wu etal., 2011). X & Ry 358K 70 th 2@l e o G4 AR R AR
WA DA 338 B BAG A T 0 A 25 R GE PR AR SR o FRATTA I AR AR AR AU
TR0 A 75 2R GE PR R A I SE IR, 7T BB 25 TR A i Bk A 3K 70 1Y
A EARRTTE T, PR 3K Bk ARl R, Fod 4950 m B /K & 5,
If] 4650 m /K ERAK. BARES RGP H AL 2520 B, i =y
AR 2 52 IR BIREE o AT, R N R BRI, 1R S
BB RGP E FEIC, X5 I A B R S 9e 25 ] —3(Fu et al., 2013;
Zong et al., 2013). AT 58 3 3G IR T BRI 7K 73 B 25 BRI e il A= A A
YK, S BOF G (Fu et al., 2013; Fu et al., 2012; Zong et al., 2013). #&
1M, FEZK 7 A2 BRI ) = 2 B, A 0T 70 R IR S, A RGPS N (Zhu et
al., 2015), X 5FATI 5200 FAEE] 4950 m J5 HGIRLE R — 8. SRR
A, TR S, BN R 525 BRI AE S RGN . X AT AE & PG
0] S IR VE D) o R R, BRI 7 UEEYE(HU et al., 2016; Link et al,
2003; Luan et al., 2014). FATHIBFFLHRH], il B2 AR IDL R T AL 2 A )/ I OROR
I T B A S RGFIR R
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AP EAF N FE A S ARG B ok, i TR RS RS
7 [H] 224k (Geng et al., 2012; Huang et al., 2013). 7EHAIMR AR AR, b EA)
RN AL 1 1 2 5 2 25 28 0 WP BT 6 L PR i 2 — 350 L A R I it A B 22
YERT, BRI SEAE A AR K o BRI I Y PR A S A VPR R 2, AT 3
HAS RGP ARG . AR, D0 RAED A 52 G iR B B A A, 2 Ta]
BRI RGN 5 AR TCH R, AT Y S54SR
Wi 525 IEAH G (Hu et al., 2016), JfREARGF MARREE S RGPt [FIIN, %
AR AL B SR (AR S R G PR AL B S AR W) AL BB 5 % IR A
Ko L, FATANRE T BURIPRAAL, 1RKFEE B2 2 AV EAR Lm0 .

3.4.2 RGN E SN

WAV S FEE M AE S RGN Hah A5 IR E R, X 5/AICIE
I T g R —E (Zhao et al., 2016), 5 HAR mFEFLHUA I 5 45 R —F(Hu et al.,
2016; Lin et al., 2011; Zhu et al., 2015). ¥REXTAES RGN AIER, Hi#EH Qo

DAAE v FE T 70 45 SR A0 56 BBl 2 1A] (Lin et al., 2011; Peng et al., 2009; Zheng et al.,
2009). VFZWTFLERY], Quo (HIR KHEEE B MM 5 £ 48 B2 MK 73 (Atkin and
Tjoelker, 2003; Gaumont-Guay et al., 2006; Xu and Qi, 2001). FJ#f, FATRKIMEL L
MR IR B =ik e, 23K, R TR, AR RGPFR A Quo fHIHY
e FLABBIE 7Tt SRR il P R AE AR A B I 8, S AT e e T A e
ARG, DLERFFRIR PR 5 T MR B B R 70 i 2 (Mikan et al., 2002;
Monson et al., 2006; Song et al., 2015). #R1M, FATH AR I 2 1Ko BEARES, 2
T PRI A3 RGP Quo M AU AR o KL, 7K ERS R PR IR e 1
POERITER . SUMERIBEA 8L BATRIVAES RGP Quo BEAE M EE IR FE
SEIMPEAS, Z0BEAE LR K BRI Inmsgn. toh, RATERIBEE, Bl
FEH AN JEREHE, 38 RGFIRHT Quo AR GST AL B2 AR, 5 GSP
AR AL 2 TEAH IR o Xk — 0 1 W AE 25 2R 40 PR AE R 74 T e X0 i i A A B ARG
(Luo etal., 2001; Liu et al., 2016) .
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SERRIERIAE R, SRS S, IR, KBAR, EE RGN
Quo [ EIR FE Quo PR AN REAZIABIA TN T IR IEE R, JeHRE LK
Iy B 5, B RK > BRI RS P REXH AR 2 A 3 E Y AR K o Tiia,
M0 IR, FE Quo BEAR. AN, IR T EN TR th ik,
RAEYE, EREK T BFRIPERAT Q. J15h, Quo MIFFKAI it SV A
IR %o 38 3 ) 3 IS 5, 8 AT e [R1 O 338 ik P v v 0 Al 5 B AR 0> o [RIRE Y,
FAIE I AR BK B RN, B IR IR B X Quo 77 AL i & FE
XABEEHE— P ULH 1 K% RGeS U A R

3.5 ING

5 8GR RO IR AR LU, BER A R (BRIRD, oI Rk g N ek
To R EARA, Hh AR RGP IA B SS . SR, R R R RS
(FHIRD, H A AR RGN AR A 52 K s o I R3S B R 7K 2>
R RGPS BRI, 2R RGFREUAEE. B
AL FRFE AR B S b, RIS RGPS 1 AR R EARSC, 25
SINTRIL, B TR AR A T 5 RS 0 AR R A s AR A A 3 TR A O

B 7K 22 5 2 3 (VAR I, RS A EDLIE IE AN IR T Quo AL I35 PRk E
AN AR ], ARSI AR IR N Quo HIARALAN R 2 o R W B /KA AL X &
FERE ) A 25 F2 Gu PR P PR B B TR FA A P o 4 S BROBE B R R 0T TR A
B F R B A i AP, Qu 5 GST B i<, M5 GSP. AGB. SOC
BEIEMIE. BB, BRI Quo XL EE GST
AR AR L B B 2 A DS, TS5 GSP. AGB. SOC I A8k & 2 IE A<
XU, QLO B L (38 I i BAAER, T ol e /K P38 v 386 0
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BRUCEMESRETFRE iR E UM XS R AR TULE
i AP 7K ZE AL B P R

B
=
il
it
P

4.1 518

AL BRI Ak ST, JFHEREA BRI tE (IPCC, 2014). i
JEMK I SR A A RGEHIERAL F AR D R B AR R, ARG X SR
GERIEIA P A TR A F2 I (Davidson et al., 1998; Wu et al., 2011). 4225 R G REIL
& il AR A R Gkl = ) B B0 ) (Bond-Lamberty and Thomson, 2010;
Davidson et al., 2006), WA FHATG G AF FH LIRS AN AR 20 RS — 4
A B2 A IE B 6 s A (Heimann and Reichstein, 2008; Welker et al., 2004),
T 4> 5 31 Ak S %384k (Flanagan and Johnson, 2005; Wang et al., 2014; Wu
etal,, 2011). B[t, JFREA S BEAN Bk AR S FLeATTAE A R I FR) 52 1 A
T AT ERATE I VHAGRE A S RG0S KA B BB

KER > P SEIR AT TR B, B IR 2 B N e S SR ) AR Y L VR
SRR A AEYTEE (Conant et al., 2011; Davidson and Janssens, 2006; Wan et
al., 2005), MMt EdkEA RS (Lu et al., 2013; Rustad et al., 2001b; Wu et
al., 2011; Chen et al., 2016; Wang et al., 2014). #A1f1, U F AR 25 R GUREI )
SRR AR FE AR T35 5 A 7K 7 1 A8 ELAE FH (Flanagan and Johnson, 2005) . fE47)
A Y3t BE T i3&E . (Atkin and Tjoelker, 2003; Bradford et al., 2008;
Tucker et al., 2013), B G IR SR 20 H 7287 TR )41 (Carbone et
al., 2008; Yan et al., 2010), < ¥li/b> B 3005 185 il 0 R R A2 A D o Bk K FRT A8
SARIEA S RGN, AT R BT R AR R GRS RZM (Liu et al., 2016;
Wu et al., 2011). 7EKZIRIIAER RS, LK BIA ZER o LAY
MR EEIRES T (Chimner et al., 2010; Liu et al., 2009), 4= 2% £ 4t I 5 %)
TR THE AU (Liu et al., 2016; Suseela et al., 2012). R, SAEATIE Fl P& K AR
RS BAE AT RE 22 50 T 5 T R X B A2 38 RGP A T B FEa FE AR 7K
AR ER RGO RIREN, HBTC IR KRB (Liu et al., 2016;
Wang et al., 2014; Wu et al., 2011). #R1fi, {EEFEEMAES RS, XKL E
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HHAE BRI R0 AR 7S R G RFIR KT SE I, A0 T T B R K 49 ] WP () 25 45 R

5 L e S AP At 5 A e v AT T AR B O P v FE R, L0 AR R W I
KTt H AR X (Liu and Chen 2000; Yang et al. 2014; Pepin et al. 2015). [A]H,
E A RS KRB LI, I A TR AR X, AR SR A%
A5 Ak v SE ARG (Koven et al., 2011; Yang et al., 2008). FiAA RSP, 19 5 S8 2145
BT HAAR LR, GHEBE A ES RGP (Hu et al., 2016; Zhu et al.,
2015), SRFHEAES RS (Fuetal., 2013a; Zong et al., 2013), B2 LIS 2%
(Chen et al., 2016; Lin et al., 2011). {H,2&, f RIEEFBFEK AR mFEF A R
GNP SR SR I 2 W SEIRARIE T 2k, BRARIBEKE, Rl T 5
PRI KT Ek. Bk, FATHED, SUEERSHIKS T8, TRk
WA KRR TE T, TS BRAES KA. F4h, BT R
(¥ 3 ZEPR DR o FRATHEDN, B2 (Rt AR 2 RGP, HLEE I Bk AT LA
P HRTH R P T ot A 7 2R G I 6 T 28R

N T ISAEFRATT AR, FRATIHE PE RGN A B i v FERE SR AL B i) 2 T 3 AR AL
HMETER+E BRI SE5: (2012-2014). ££ 2013 1 2014 F A K, AT E
TABRGERR HEhASMETAR Hh A E . HI3EE U B AR S 5% A
T3 T

4.2 ¥RFEE
4.2.1 R X8R

B FEH A R S B AN A 2 [ IR ER B AT 7esh - (30°46" N, 90°59'
E, 4K 4730 m), FIRRGIARL o LA Sl 75 7 8K e S5 b 1) 224 e L g AR
12, H SR ARY, AURSEAE ST B s R KR B AR
2, ZFETEDFM. 2006 3 2008 48], FHJiE-0.6 °C, B — H &K, N
-10°C, -EH &, N 9.2°C; FEIFEKENY 414.6 mm (2005-2009 4 #f) » Hrh
92.7 %LL EREAKKAELE 6-10 F o IAREF G R Jym e s IR Ay,
VS HTEAE 15 % - 30 %2 17), & E NS 10cm. BEE LA N KA
(Kobresia macrantha) F14£4¢4t5F (Stipa purpurea), FEAEAEFN . R S
HF (Androsace tapete) . j& i )X\ "E 49 (Saussurea stoliczkai) 5] H: 2% 2% (Potentilla
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saundersiana). 55/ kg% (Leontopodium pusillum) F14K )1 = (Oxytropics
glacialis) %%(Liuetal., 2013; Xll7k#a, 2014). L AmEZER R L.

4.2.2 W¥&t

BRI 7 A BENL S B, S5 2 MR CRBIR, 393D f1 3 4K
OIBRIE CRHK, 157K 15 % FIEK 30 %) 2 E ARG, RELAW RIS 6 4
WIGALEE, 23 HPAXIE (CKOL HR+AHEK (TPO). HHRE+IE/K 15 % (TP15).
B +1E 7K 30 % (TP30). A +17K 15 % (P15) FIAHIE+17K 30 % (P30).
TR AANEE, ST 24 AR AR AR N 7.5 m? (3.4 m>2.2 m),
HAFAM AR 2 [ — 4% (R 2 m (ks (B 4.0 1 4.2).

R R FH — Fh 2D A2 Am 6 38 F BN ISR B ok ST (FRFEHT, 2012). %R
GradEis i . AR IR . R BORERILLAMT A . AAMT R B TN Y
WR/NX AR EJ7 1.5m &b, DN T ARIERE SN, AR AN KB T
AT, ZLAMT & iR SR 0] . 7E 2013 F1 2014 FAEKZE (5-9 A) #
IR A T /0N X0 b 2 T P e o SR /N X RS ¥ 59480 2.0 °C

187K 2 B 16 ] — b 1 SRR SR K im0 2 B R SEBIL GRXSE A AN R A
2014). ZF B HWAKRER AT KM E L. WACRERE “R47 2, kO
T A AKX I 15 % B8 30 %. 2012 4E 9 H, BAVERAEAK/NX I, K
MZKISE A 2 B TR 1.5m DL b, Hzm B3k /NX 20 2 m JEES, DUBk S k3%
BEXNX T R AR, AR SR, I [F 5K R B
FKIB I B FLIK PVC 585 4 BRI 7K D07 241 503 1) K 2 R348 /KR b BTG

T E BN RE L P IR AR AR, RATEE A A B 10 23 70 B B T
HOBO 3 MK /s AX &, FISRE 3R B2 AR 73 (MR BA 10 cm),
BEIAIRG 1h il g — k& .
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B 4.1 GUAREST- 3 1R AT 7K G650 ]

Fig 4.1 Landscape of study site and the picture of warming and increased precipitation devices
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Fig 4.2 Experimental design of warming and increased precipitation
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Fig 4.3 Seasonal variations in (a-b) daily mean air temperature and precipitation, (c-d) daily mean
soil temperature and moisture under CK and TPO treatment, (e-f) daily mean soil temperature and
moisture under P15 and TP15 treatment, (g-h) daily mean soil temperature and moisture under

P30 and TP30 treatment.
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4.2.3 HEERGMRENE

£ 2013 4, ARKFIIAF, FAEREDAEFRIEETT N, 40k BARL 8
20 cm. =45 cm 1 PVC i H A 2 e R . NI, BA TR A
¥ SRR ARSI E RS BE - 739 4E 2013 6-9 A1 2014 (1 7-9 H, 3K
T30 FRAEE R IR IR I 5 2B A5 RGP ) H 375 (8:00-18:00), BRI ZE [H]BE 2
/NI, FE 2013 4F, BEHMIE —IR, TAE 2014 4, BEHIE MR & RGIFR
[l 7€ K H) LI-COR 8100 +3% CO, HANMIM RS, | AR AL B2 [7] () £
IR EE AN K 4y, IRATIE L EREAE LI-COR 8100 _E i 4= 3% i 5 #5 2k (Type E,
OMEGA Engineering, Inc., Stamford, CT, USA)Fl/K 71525 (Type ML2X,
Delta-T Devices Ltd, Burwell, Cambridge, United Kingdom), 7E%F i 5E B ) ]
IF, TS T 4% 5 om (R EEFIK 73 F .

4.2.4 #h FEYENTIEFH RN E

F T I8 7 A 7 P9 O R AN B AR, FRAT T a0k R AR A A 1) AR P AR R B
TR S AR A AL RS T A st AR . 2, BRATER R0 X
I, W& 7 100 cm <100 cm HIFETT, AR5 5473 79 100 4 10 cm <10 cm Y
/IETo AE 2013 F1 2014 SEH) 8 H A, EAERKZER mIE], JRATIE Mg 1
HH I ol e L v P R 5 JBE o AR A B, FRAT TR T 2 AT AR 9 v 3R AS 1
R 75 R b AR O ST AR R R S T AR R G R R
(Wang et al., 2013; F/&, 2011). AW pIAhEEE 0 B— A7 A AR 43 il it
71

RIS, RATERAME, ALARERE (10 cm) LS, £
(RIVD f RO s BB S B, VRS S TE N HIERE S G IR RS, iR
+I3EHNEK (Nelson and Sommers 1982).

4.2.5 BT thAZE

KB T oM FAEYE (AGB). LN (SOC). &K RS
IERE R (Re) M HIEEHUBRYE (Quo) FEXTFRFEHWANIG IR . H/KFEHL 2 7] i) 2
Fo KHHHEZE ANOVA £ & Lo M & AL PEFE ] AGB. SOC. Re Al Q1o 1)
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Z5. RN, RA=RERTZEDN, o0, iR, A mA e =3 2§
I HAEH, % AGB. SOC. Re F Quo 5 .
KR E RN T A 7 RGPS IR R 195 & -
Re = g™
X, Re REAEB RGN, TAAXLERE, o b ABRIHRE.
W, FEKFBESRGE (Quo) AU EEBURME M AKX N:
Qio=e'®
B BG40 BT ¥ % Fi SPSS 18.0 (SPSS Inc., Chicago, Hlinois, USA) 4T,
VE B3 1444 H Origin 8 (OriginLab Corporation, Northampton, MA, USA).

4.3 &R

4.3.1 HIEEEFKY

BLPUEIR B N 7 RERR R, RN R > T K. WK, K
SrBHEIGN, W LEER A RS IR S EME, AR
H1, CK. P15 F1 P30 FedhA, 5 2 4K (6-9 H) P3R5 8:
13.19°C. 12.55°C 1 12.65°C. /e AL H, TPO. TP15 F1 TP30 fihH,
+ IR N: 14.68°C. 13.94°C £ 14.64°C. [RIFEMY, H%MBHMIE 5 &S,
FEABGIR AL B, CK. P15 F1 P30 FEHhr, {38 2 fFAEKEE (6-9 H) T+
ARFIE K E 379 : 13.93 %, 17.70 %A1 18.93 %. i 7EIG R AL EEH1, TPO. TP15
AT TP30 FEMhA, HIEES/KEDHIA: 10.46 %, 14.06 %A1 14.95% (F 4.3).

SoF LR, A TE A 3 ) ) BRI K A s, U 45 A B A b 2 [R) 5
R [ 25 N € 1) 3 T S AN K 70 1 2 35 HOBO Gl [FFE % . iR )5
TR R ERIN, RHEK TR HOKE, TEOKSREWIN G 4D,

65



7 R A 2 2R T IRl PR AR L AR AR A i i L

4.1 (RS Li-8100 FEH ¥ 38 B2 AIK 73 B &l 5E (0 R8I0 309 1] - 3983 B2 Ak 7 2013

A 2014 % H HIFEIME

Table 4.1 variation of seasonal mean soil temperature and moisture under each temperature and

precipitation treatment during the growing season of 2013 and 2014.

Treatments  Ts (°C) Ms (%)
2013 2014 2013 2014

CK 14.90 (0.71)  16.14(0.16)  19.12 (1.15)  15.88 (0.20)
TPO 17.81(0.80)  19.00 (0.50)  15.78(1.39)  10.89 (0.68)
P15 14.40 (0.56)  15.65(0.10)  20.13(0.79)  17.59 (0.68)
TP15 1559 (0.54)  16.80 (0.71)  17.64 (157)  15.31(0.67)
P30 14.34(0.73)  15.15(0.18)  21.26 (1.71)  18.42(0.16)
TP30 15.73(0.84)  16.96 (0.59)  17.75(0.91)  14.84 (0.44)

4.3.3 th FEYIEFTIESH R

2013 1 2014 4F, FEEFK D HAELER], Hh AR TLEEES (K
4.3a-b). AEXIEMALFF, CK. P15, P30. TPO. TP15 Fl TP30 #fithr, 5L 2
FEEKZ (6-9 A) Ty EAEYIE 7 : 118.95 m? kg 135.76 m? kgt. 138.37
m? kgt. 97.52 m? kgt. 98.57 m? kgt Fll 122.13 m? kgte SR, H5E R AL FE R4
B, AFZKSEET, HRTHRAG REA T 2 (8] (i A&, AR e EAEY)
B FREMGES (R42). HESFBEY, FHEXH EAEYEA REFIER.
SR, K R SRR AR, St EAMEIFEEER (K 4.3),

HHIZ R, TIEREEHSENZEFEARE (B 43c-d. EANIE
[y CK. P15 I P30 AbHRFEHh A, 186 2 SEAKZ (6-9 H) FHREZELEAHHL
W7 7N 28.14 g kgt 30.51 g kg F11 26.83 g kg™ . 1M 7E FHE A FE (I REHL Y, TPO.
TP15 il TP30 R, 334 WL 4 79 29.30 g kgt 28.68 g kg 1 28.81 g kgL
IS, FCXE T ASIGFIT 2R, FHE. 3K LA TR K 1932 BAE X
TIRA PR T R (R 4.2 F1E 4.3).
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o 2013 b) 2014
(a) (b) A
1504 A A A A LA AT
> 100 - I . il
5]
< 50 4 i
0 T T 1 T 1 1
(c) 2013 d) 2014
A G A 4 {\I' A (/2\ & A A ? A
e & 1 1= = =
I T o
X
2 20 Il
(@]
O
»
101 .
0 1 1 1 1 1 1
(e) 2013 B (f) 2014 =
- 44 i
;" AB ’}B
o A A AB A
= T 1 A A A A T
5 T = =
E 2 =l
5 = 1
(0]
1’4
0 T T 1 T 1 1
PO TPO TP15 TP30 P15 P30 CK TPO TP15 TP30 P15 P30
Treatment Treatment

P 4.3 5 A A FULIEL FE A K 384 et WL ] (2013 11 2014 4F) A=K (a-b) F KM RAEY)
i (AGB), (c-d) TIEHHLEK (SOC) I (e-f) A RGIFH (Re) HIFEM, KbFEAIAF
FRFORZE T RE; p<0.05.

Fig 4.3 Effect of the experimental treatments on (a-b) aboveground biomass (AGB), (c-d) soil
organic carbon (SOC) and (e-f) ecosystem respiration (Re) in 2013 and 2014. Different letters

indicate significant difference between treatment. P<0.05.
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4.3.2 EEBRGHR

1F 2013 F1 2014 4, & Ab 3R P AR 25 R GENF IR 26 B A1 A [ ZE 1 303,
MR GE R AE 7 A (B 4.3). % CK. P15, P30 TPO. TP15 Fl TP30 &5 /K #
M, 2013 FFEAEKFEFIHER RGIFHGER 74 2.85 pmol m s, 3.25 pmol
m2s, 3.73 pmol m2st, 2.54 pmol m?st, 2.89 ymol m2s? 1 3.00 pmol m2
st 2014 FAKZFEPIAS RGFIRIE 258 2.5 pmol m 271, 2.77 umol m ™2
st .3.84 umol m2s71, 2.09 umol m2s, 2.47 pmol m2s? Al 2.61 umol m2s7%,
5 CK ALFEAHLL, P30 ALHR GRS RGO R B E N, MR AR R
GRS CK ZRFALE . BXt TR RRY, EARMKKE RN,
PURGIE B BRR T AES RGP, (K 4.2), FEMEY, BB AR
GURRIR R R B WA, T WA AR N AR B (R 4.3),

IR AN IK 53 35 RAR I 1 AR - U B T 7K 43 2 Kb 38 b AR S 2R G WP TR T
FIHBA (R 4.4 F— LR, AKTFER RGPS WA H ) 115
TR AUEK (8 4.50), TS /KEMM FAEY = RIEM X (& 45b-0).
LR RGPS LHEG N —F EH R MR R (B 4.5d).
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30
o (a) o CK
OX e TPO
= 251 A P15
© i A TP15
g = P30
2. 90
£ % = TP é
% ¢ & g
N 15- i 3 g %
10 1 1 T T //ll T 1 T 1 T
40
(b)
2 30
2
m :
3 99 g &
© (]
(@]
= b 3
5 104 g g s
%) ? .
O 1 1 1 1 /I/I 1 1 1 I 1
6 ///l
(c)
o : :
2 |
5
£ ] % £
—_
22 4 §
0 O
¢ [
0 T T T T o T T T T T
J J A 8§ J A A & 8
2013 2014
K 4.4 2013 A1 2014 AEKZEWIMHHE A RS shZS: (a) CK A TPO 4b#, (b) P15 Al

TP15 4b¥E, (c) P30 #1 TP30 Ab3 .
Fig 4.4 Seasonal variations in ecosystem respiration (Re) (a) under CK and TPO treatment, (b)
under P15 and TP15 treatment, (c) under P30 and TP30 treatment.
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42 BON-t KIS ETHRALEE (W) FAKTEALEE (NWD 1], #h EEYE (AGB), *
BAWR (SOC), A/ RGMPUER (Re) MR RGP AR ZHEENM (Qu) MZER.
Table 4.2Results of Paired-Samples test for the difference of AGB, SOC, growing season mean Re

and Q1o between Warming and Un-warming treatments.

Mode Treatment Mean t p
AGB NW 131.03 2.324 0.029
w 106.07
SoC NW 28.49 -0.454 0.654
w 28.93
Re NW 3.15 4.157 <0.001
w 2.60
Q1o NW 1.85 2.460 0.022
w 1.71

F 43 ZREFZESNFENR (Y), FHE (WD, K (P) %5 3 MKEZ & =FH 1A BAER X
EAYRE (AGB), HHEAHLEK (SOC), ARG (Re) MIZAZES H G A I MUk
(Quo) MIsZHA . *, **FI***/73 5|37~ p<0.05, p<0.01HI p<0.001,

Table 4.3 Results of three-way ANOVAs for the effects of year (Y), warming (W), and their
interactions on aboveground biomass (AGB), soil organic carbon (SOC), and the growing season
mean ecosystem respiration (Re) and the sensitivity of Re (Qao) in the growing season of 2013 and

2014. *, ** and *** correlation is significant at the p<0.05, 0.01 and 0.001 levels, respectively

Mode AGB SOC Re Quo
Y 1.317 0.294 5.198* 94.577***
w 5.404* 0.200 14.534** 7.676**
P 1.418 1.096 10.182*** 8.956***
Y XW 0.064 0.762 0.388 2.476
Y>P 0.031 0.058 0.432 0.588
W>P 0.344 1.393 2.153 1.737
Y XW>P 0.006 0.036 0.325 0.808
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5 (a) . (b)
a
A 2013
—~ 44 A 2014 —~ 4
» A & ‘n
E o e
S 34 T G 34
S A A z
£ A Aa 2
# 245 _ r A e 247
R22013-0.632, p=0.059" R’,,,,=0.824, p=0.012
R’ 501,70-616, p=0.065 R22014=0.640, p=0.056
1 | | 1 I | I | |
14 16 18 20 10 42 44 6 18 20 29
7. (°C) M_ (%)
5 5
(c) (d)
o Pl o
I(D A A ‘(D A A
£ £ A
2°1 a_ a4 A g 7 a ta,
2 a_% 2 PN
o A o A
© 29 R? '-0699, p=0038 x 24
2
R®,,,,=0.599, p=0.071
1 1 } | 1 } | | ) 1
80 100 120 140 160 26 27 28 29 30 31 32
AGB (g m?) SOC (g kg™

A5 IME (2013 £ 2014 FAKZE) HIERE (To. KD (M), i FAEYE

(AGB), TIEHEHEK (SOC) H5EKRGM (Re) KR,

Fig 4.5 The relationship of soil temperature (Ts), soil moisture (Ms), above-ground biomass (AGB),

soil organic carbon (SOC) and ecosystem respiration (Re).
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AL FWE K AR T A 7S RGNS IR FE AR 4 1 B 2E R (Re = ae®™; Re = aMs
+0). H, RENMREREE, *P <0.05 ** P <0.01; **P <0.001.

Table 3.2 Regression models (Re = ae’™; Re = aMs+ b) for relationships of seasonal ecosystem
respiration (Re) to soil temperature (Ts) and soil moisture (Ms) at different treatmets during
2013-2014. Parameters o and b are constant coefficients. R> and P are for the determination
coefficient and statistical significance, respectively. NS, no significant difference; * P < 0.05; ** P

<0.01; *** P < 0.001. Values in parentheses indicated SE of mean.

Model Treatment o b R2 p

Re = g™
CK 1.023 0047 0168  ***
P15 0.907 0.065 0.289  ***
P30 1322 0063 0507  ***
PO 0983 003 0073  ***
P15 1.000 0051 0.229  ***
P30 0.881 0.061 0355  ***

Re=oaMs;+Db
CK 0799 0.107 0215  ***
P15 1301 0090 0.120  ***
P30 2.869 0.047 0045  **
PO 0989 0.00 0203  ***
P15 1520 0.069 0.154  ***
P30 1654 0070 0103  ***

4. 3. 4 £ R GTIRAYR E UM

7 CK. P15 f1 P30 FEHhrp, S22 E4EKZE (6-9 H) Quo FHME SN :
1.64. 1.98 A1 1.91. Mij7EIMIRALFE, TPO. TP15 Al TP30 FEHir, Qo 237l A : 1.49.
1.74 F11.89 (& 4.6a-b). FRiM, FECXF T K656 LR B iR A AN HS 5 AL 2 18] ) Quo,
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WRJE, Quf FRMES (R 4.2). XFTREAX BURZ A, HKE Quoik
AR AL FEE RIS . T 2t R, HERAII KK Quo B R E1EH .
SRTH, K RS IIR I BAE, X Quo JF B R Hm (K 4.3),

BB MR, Quo SRR i - 495 B A (I 4.7a), 5 -3
FK B AR R IEARSE (B 4.7b-c). B2 AGTIR S BURYE S LI
MU T R MR R (B 4.7d).

3
(a) 2013
B
2 AB ‘|' B
R AB AB J_
o 1 A T
L I
14
0 1 ] 1
3
(b) 2014
B
B B 3
= T
24 AB , [EB 1
==
&
14
0

CK TPO TP15 TP30 P15 P30
Treatment

4.6 JEALAFUAS [R5 BE AR 5 7K 4G 0 AR 25 B G0 T P il B AR % (Quo) FIREZIAL: (a) 2013
TER AR Quo A1 (b) 2014 MM HAE] H- A EE[H] Qo0 AR FBIRIRZEREE, p<0.05.
Fig 4.6 Effect of the experimental treatments on the sensitivity of ecosystem respiration (Q1o) in
the year of (a) 2013 and (b) 2014. Different letters indicate significant difference between

treatment. P<0.05.
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3 3
(a) A 2013 (b)
A 2014
o &%\KA - %
A » /A
o A o
14 ' 1 - )
R?,,,,=0.700, p=0.038 R®,,,,=0.727, p=0.031
2
R",4,=0-796, p=0.017 R22014=0.836, p=0.011
O | | 0 1 ) | | )
14 16 18 20 10 12 14 16 18 20 22
L (') M, (%)
3 3
(c) (d)
A
2 o I 2] “a g
2}/‘ : ba ®
o o A
o <3 &
= 2 — — -
1 R?,,,,=0.918, p=0.003 1
2 - -
R®,,,,=0.512, p=0.110
O I | | 0 | )
80 100 120 140 160 26 28 30 32
AGB (g m?) SOC (gkg™)

4.7 WLMAE] (2013 4EAN 2014 AEAKER) LIEREE (To. LUK (Mo, M EAY&E
(AGB), TIEAHIK (SOC) HAL RGN EBUEM (Qu) ZIAKFK R
Fig 4.7 The relationship of soil temperature (Ts), soil moisture (Ms), above-ground biomass (AGB),

soil organic carbon (SOC) and the sensitivity of ecosystem respiration (Quo)
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4.4 g
4. 4.1 188 5 7S RGN O 220

PAE = FE R G BT TR I, H9IR Jo m FE R B A28 RGP T A%, X
55— ) FE R OB TS5 R B(Fu et al., 2013). AR, FEIHABET
B IR PR A S RGBS . AR, TR, ST 1 D
FAE S RGP (Lu et al., 2013; Rustad et al., 2001b; Wu et al., 2011). 7E—Lb 5
FERLM, RO IR LA RGP g A R 2 . JA 1, fEREHAE
ARG, WX A2 2 R G PR B R AR R AR B2 AR T AN K 73 22 18] B AH LA
i (Flanagan and Johnson, 2005), M 11 5: ZC 15 0% 14 FZEAS BT 78 A —
Bk o AR EA N Dy A2 v R I A A AR G P R R FRATTR T
FER SRR TR TR X, K & IR A E G S Z KT (Liu et
al.,, 2009). 5 LAMERIBE LR 8, WATMBEARY, TR R AR AES RS
PR H AR A ) 2B 1, 1 3K 750 LRI AR N B 55 - SR, AR RGERFIR
WZETARA, ARKAERE B 32 3K IS0 .

& VLB w3125 = w1 = s N 1 1 I e =/ 0 4
=, XA e T MK (De Boeck et al., 2007; De Boeck et al., 2008) . A<HIF 5T
R, W EH EAEYE A IR, XA R BTSSR B
i AR R R, o BRI S Y MmN IR ) o R A R,
0 JEE 40 (Saleska et al.,2002; Weltzin et a.,2003). [E]H}, A B 7N NED A K%
BR, Seam YT IE, RRRRA A A Be ) TR, AT RER MR R PR R .
BRI AR o o S A E s S I A R T AEK 0 A2 IR R4, T8
T E S I A B A KRS B, BN IR A s, PR L
AU 7 fEE . SR, £ T RS, WRET & SEH+FE, aTaesm
NGy IENE ¥ NS 1 I R ey - VAL 3SR G S il G e /R PN 1 3 [ S o st 7
IR o Il B RE L A I SO A, e FE R AU T 2 25 P IS 1 I =
(Fu et al., 2012). 4R, FoWEFRY], IR FSRERCNEE, B2 Rt
W R eI T i 3 B 7 HL R (Atkin and Tjoelker, 2003; Bradford et al., 2008;
Tucker etal., 2013). 534, HGIR 5 H3AK E 55 o ik KV #E, tHAT DU RIS iR
JE AR RGN . SR, AT ISR S HIER E A YR S B E R IR

75



8 G 3 R ey R A 2 AR R i PR AR B L AR AR i 8 X

Fo BRI SRR AL, T AR RS RGN T BRI IR, 3
e — LT

4.4.2 1B ESRGITIRAIZ 0

AT TR BN, BRI INALER 5, AR 2 28 Gu WP MR AH X Xof HERE b A 338 m )
Ho ERATOTFREH, LK B R 5 2 MR A K TR AR S R
4K, 3R I T B K R A s ) R FE R AR RS RGP T AR A ) R T AR
T IgEK O3 AR ] v FE AR A AR A I 3 B R T b B AE ) R S R AR S
RGP FERAE, 54K RGP EZEHIG . BRI YA K 5w 2
HFEUEY) B TR AR o AT & K AT 6], AR R A
BE. N, AREFCRE, BEKH NS EUN K FISGE, AR T R X
HEYRARARK, (RHERRES), BRI 7R AR (W et al,, 2011a). [FIR,
B /K I e BEAR AR AR ANSG I N AR 73T, 3900 1 AR Y i A A 4

TR X, BRI S8 LKA S g s, e e A
&), FECE SRR R N PR TR I 0 . AT SR I, KNS,
Ty 53 f ) L 3G MUBRAE 398 P b B LU S8 BT o AR, AEFRATTI B FURE 4,
KA 6], BIEAPER S B ZERIEA L E . TRAES KRG MFIREURTER
IR AT BB HHT7K 43 BRI 7 9 85| #21 (Reichstein et al. 2002) .

4. 4.3 RGN E U

TR A S RGN, EilEH Quo K&KAL. Quo thRRIEATRSR
JERURIE R E S FATII K Quo (B A T LAE 5 ZE FEHUAIF 78 25 IR Y [ 2 [7)
(Lin et al., 2011; Peng et al., 2009; Zheng et al., 2009). ¥ Z A FEK B, Qo fHIR K
FEFE BRI L 3BR BEAIK 7, HLAEZS REEWFIRIY Quo Fifi 35 IR 38 Iy FEAEC, 40
BE & 38K 7 B NG 8 in- CAtkin and Tjoelker, 2003; Gaumont-Guay et al., 2006;
Xu and Qi, 2001).,

PATVRBIG RS, LRGN Quo A FFRAES . SR, fEmFER,
WO JE A RGBT Quo A MG I FIA AR FRIE . 353 T 801 Quo PR FT RE S
HABABE R PR R, R T80Ks . Bk, HEFE TR HambiE
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ALK, BIRAEYIE, BEREFIK T B FRMFIA Qo (Carbone et al., 2008; Yan et al.,
2010). UbAh, MG EH LK 7 B AT BEX H IR J A IR P A Ky
i, AT TR, 33 Quo FEK. 4L, Quo MR AT Ae S A LAEY)
I MR S 48 0 PR T8 7 O 5 1T A R Dy 498 e Hh T Al 7 e PRI/ o A 11
BEAKIGING, Quo A G . X AT HE R FE/KIGIN T B0 LK ek,
BOEY ALK, S Rk, BRI T AR RE T (WU et al,
2011a). [FJR, BE/KHGHN, WomTaesgm 1A Yy npik b L R 4 .

4.5 IhNg

ST ASE U8 i . 2 T o v R SRR, R R D Ky AR
(¥, $&KJE, LK BIERN, R AT R RE S . LT HRAM AT
IRAC 2 (8] g3t EAEYIR, THR G B TR . FEKEInATE ETT
e, P R LR R R A WU S R AN B o BRI AR BT R A
AL AR R _E AR AN ST LT ) SO o B 7K X v R SR A ) A
S RGIPAT B MR . 2RI, 58 B XA, BiRE, S REK
ALERRETT N YA ZS RGeS AT B o Ak IR I B T ey — 3 A8 LA R A2
BRGNS A G o T THEAUT BGR AP, B7K)E Quo BANIE /K AL 2
BRI ES . AR, BB R A AL B T8I Quo, MRS, Quo A TR
g, JTE MR, BIEXT Qu A RFER . SR, Rk A SR AL
HAEM, X Qu R &N,
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FIE FiRS5RE

51 FELERS50HFH =

5 11 FELEp

THIFIR AR (4400-5100 m) 7 4FFEIASEAHSEIn 45 R B0k
R R YRR RENPIOE R RIS . i ER A SR
Bz R AR . B S A RIS B T S TR, SRR R
TEMK . Quo BB I NG i, H RS Quo A & MMk . FATM
WHARAIR K, AR ETE TR RS RGP B LR G HE R .
LA AR A T A D A0 A1 v SR b A 5 R 0 P R P8 UM (1) — o o 5 I T

5 8B RO IR AR LU, BRI B (BRIRD, o kI Nk
To R ERA, Hh A EAAS RGP IA BRI . SR, B TR
(FHIRD, H A AR RGP AR A 52 K e o I RE 3 I LR 7K 2>
B RGTA SRS BRI, ERRGFREUAEE. B&
AEEERE D AR B S 0T, RBUVES RGP S5 A& B3 IEM <. 0
SIHTR I, BB TR RE AR P 5 1) AR R A A B R AR et B ARG TR
FEARAGIT Quo WIS 5 B8 K ARUAT 26 . FERE AU FFIR S, BR/KIE I, Quo 3 hm;
BAERIEIR S, BRI, Quo FRAK: BAERSIR AR, FMRKEUAEE, Qu
AR 2

A7 A UL 8 R 2 1 v S R R P, R R D T Ky . AR
ffy, 3K, L3RS EA RGN, LR A PR A . A LRI A
ANHGIR AL TR 2 (B A RIS LER . AR RGN R U, R
DIHE G EA R RS RGP R Qu A NREMES . BAKnE, 4
Yrge. A3 RGFIOE S Quo A AT o B K INANIR B2 v, Fo5nt we 2€
B LR R WLER S SIS S o BRI TR IR R T e R R A ELAE F G
FAEYE, ABRGCERA Qo HAME . AERGIEEFR Qo

WER
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