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Correlation among vegetation characteristics, temperature and moisture of alpine

meadow in the Qinghai-Tibetan Plateau
XU Manhou, XUE Xian"

Key Laboratory of Desert and Desertification, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences,

Lanzhou 730000, China

Abstract; Climate warming has become a credible fact, owing to the increase of greenhouse gases. It is generally believed
that ecosystem responses to elevated temperature are highly sensitive and rapid in high-latitude and high-elevation regions,
especially in the Qinghai-Tibetan Plateau ( QTP ). The QTP has been considered as an ideal region for studying responses
of terrestrial ecosystems to global climate changes. Representing a typical QTP vegetation type, alpine meadows are
extremely fragile and highly sensitive to climate warming. Once they are destroyed, it is very difficult for these meadows to
recover quickly, which results in their degradation or desertification. Therefore, it is extremely important and urgent to
investigate the relationship between vegetation characteristics and environmental factors under climate warming in the QTP.
We used infrared heaters to control experimental warming. Fifteen experimental warming plots (EWPs) of 2 m X 2 m area
and 60 non-experimental plots ( NEPs) of 20 em X 20 ¢m or 30 em X 30 c¢m areas were established in an alpine meadow.
EWPs included three treatments: 0 W/m’( control, TO) , 130 W/m’( increasing ground temperature by about 1°C, T1) ,
and 150 W/m’(increase of about 3°C, T2). Each type of treatment had five replications. Vegetation height, coverage,
above- and belowground biomass were measured in NEPs. In EWPs, vegetation height, coverage, species richness, plus

temperature and moisture were investigated after 1 year of warming. Then, detrended correspondence analysis ( DCA),
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redundancy analysis ( RDA ), stepwise regression analysis, and path analysis were used to find correlations among
vegetation characteristics, temperature and moisture. Our results show that log-transformed species richness was
significantly linearly correlated with the reciprocal of absolute temperature in the alpine meadow. Air temperature at 20 cm
height , ground temperature, and soil temperature in the 0—20 cm layer had greater impacts on species diversity (R*>0.6,
P<0.01) than deep soil temperature in the 40—100 cm layer ( R*<0.5, P<0.05). Average activation energy of
metabolism in alpine meadow vegetation (0.998—1.85 eV) was greater than that of the metabolic theory of biodiversity
(0.6—0.7 eV). This indicates that the activation energy of alpine meadow vegetation was high, enabling it to survive such
harsh conditions as low temperature, drought, and gales. In DCA ordination, the relationship between vegetation
characteristics and environmental factors fit the linear model best. Therefore, RDA ordination was chosen to study
correlation among vegetation characteristics, temperature, and moisture. In RDA ordination, temperatures had a greater
impact on aboveground vegetation, whereas soil moisture had more influence on above—and belowground vegetation. In a
certain range, both elevated temperature and increased soil moisture enhanced vegetation growth most significantly in the
meadow. In the stepwise regression and path analyses, soil moisture at 40 cm and 60 c¢m depths affected aboveground
vegetation directly, whereas atmospheric relative humidity at 20 c¢m height and soil temperature at 40 cm depth affected it
indirectly. Belowground vegetation was directly affected by soil temperature at 40 ¢cm and soil moisture at 60 ¢m, and it was
indirectly affected by soil surface temperature. It was also found that deep soil temperature and moisture influenced the
growth of alpine meadow vegetation to a degree. We believe that this may be related to the melting of frozen soil caused by

warming.

Key Words: the Qinghai-Tibetan Plateau; alpine meadow; experimental warming; metabolic theory of biodiversity;

redundancy analysis; path analysis
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Fig.2 Experimental warming plot (a) and small ecological meteorology station (b)

X AR BEHLIN RE 20 4>, 2L 40 AME ; AL LI FE L AF S XA ZEBEDLIN E 5 A, 600 10 ME, 355 B 27 emx
27 cm [RFETTHEI A2 | R HE 5 HE K/ INVERR — A~ WA R TR 2.5 emx2. 5 em AYREERZZIN (A% ECA 100 4) ,
W P ERAERE T HE N THEICRIRE 15 7 5 R /N s 5 100 2 IR 15 TR ASE P53 Sy 4 A3 43, DU g — 38 40 1Y) 55 B2
{8, WOV S EAE Az ee b i 55 B, A1 SEO0 A b B2 e A 5 ) 55 BEAE . G v 35T A AR 85 13
MR R i&ii%‘%%ﬂ%%ﬂﬁ%%ﬂ%,XIJ%U#?J“%J 20 emx20 c¢m BY 30 emX30 cm,X'J%U%EléﬁH%EM%
FRICER I b 3B 497E — e, RBRFEE 9 UG SR 2R A, bR AR Wi R A2 Gk BRI
75 0—30 em PREE M I AFRIE T FEILRE MR g0 0k 7 RUECHE M FL A 1 mmx 1 mm A58 R H gk I R A AR
PN ZE M R BRIEAR IS AR R 75 C R BLRE Bt T IR FREE
2.3 HdEsabr

FH SPSS17. 0 Akt R SCIG AE s A g . - R AR S S S 2 Tl H R AB =72, 739C+
30.257H-29.95 (R*=0.322, P<0.01) ,BB=14187.995C-340. 281 H-2249. 69 ( R*=0. 604, P<0.01) =,
H NEE/em C HTE AB i LAY E/ (g/m*) BB N FAY R/ (g/m*) , XF 2011 4 8 H B #f i)
B R B (S) BUASRXEL (InS) , £ 10BE F 4 4 U4 X H iR B (T) S5 LUK /R%% 2 (Boltzmann)
(K= 8.62x107°) FEHUAH (1/K,T) ,H Origin8. 1 ZXAFXF InS F1 1/K, T #E47[E1H43#r, F Canoco4. 5 %K
1 SPSS17. 0 B RHAE PR bR SRR KA R R AT HE Y 828 MR FGEAR 0T, FE bR B] A S 25 A
45 SPSS17. 0 B AF#-AT )7 22000, Z 8 Fb A i Duncan K556 58 /8 ; 704 B 920 Hi Origing. 1 #04F 52 i,
3 GRS
3.1 MR Z R SRR

DL 2011 4F 8 J MG EARE H (A B RRIE R PR - S WIF ST X 4, 8 3°) v € ) AEL Bk ) P 2 A 5 TR B 1 K
., WE 3 PR, InS SEUREHF /K, T ek R Y580 8K F, Hi 20 em &S SEE L0 M %R
HEEE 20 em F1100 em R HHERER 1/K,T 5 InS IRBIH 2 E/KF,40 ecm F160 em R HIEIRER 1/K,T
5 InS K 3 5 /K-, 1560 v FE R A AR B 1 b 22 BRI X 0 B0 S 24 0HRLE B (RBR S R e R B HE —
T 3 ] AR B ) o 22 P R B e T e G, S R R IR R I (0—20 em) TREEXTH BTN 2
FEMERE A K (R*>0.6, P<0.01) , %2 T3 (40—60 cm) EEEXTAE B MR ZREVE S 38/ (R*<0.5, P<
0.05) . 100 cm TR+ 87 B X5 A Bl Pl 22 At 7™ A Al S 3B 5 ), 3 AT B S5 1S IS VR il fk el s T 1
BE KA G, TEMFR T R, BRI Z SR A B ik F IEAE 100 em TREEAL Y TO A1 T2 Z[H]
MR EES (K 4), R fbmol)s B, Stz 2 R RS, X g™ A — e e, W7 i 4

http ; //www. ecologica. cn



3162 A E = 33 %

30 20emiE A IR [ LCMRRE [ 20emigFE L3
[ ] [ ] [ ]
s | y=-1.853x+92.5 | y=-1577x +67.03 | y=-1.562x+ 66.528
: R*=0.907 P<0.01 R*=0.846 P<0.01 R*=0.616 P<0.01
[ ] [ ]
2.6 3 3
24 ¢ - -
2 f
=2 22+t 3 3
®E
® 8 °
E g 1 1 1 1 1 1 1 1
B2 20
= 4132 4134 4136 4138 40.80 4095 4110 4125 4088 41.02 4116 41.30
o
BE A0cmi e +-HE3H e GOcmiE e +-SE3E e 100cmiE -4 E
< 30 r r
& é y=-1.037x +45.219 y=-0.998x +43.81 y=-1.239x + 54.261
% ® R =0415 P<0.05 ® R2=0358 P<0.05 d R*=0.441 P<0.01
o 28 b [ ] L [ ] L [ ]
2.6 ¢ -
24 -
22t -
20 L L L J L L L J L L L J
41.0 412 414 416 41.2 414 41.6 41.8 41.6 41.8 42.0 422
2t xR BB /KT

Reciprocal of absolute temperature/(e/v)

E3 ##MEEEMHEENRERMNEERSH

Fig.3 Regression analysis between log-transformed species richness and reciprocal of absolute temperature
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Table 1 Eigenvalues and cumulative percentage variances of RDA ordination

' FEBE R i A - B G 22 B AR i

HEFP 4l T (i . . . :
Ordinati FFE{H Eigenvalues Cumulative percentage variance of Cumulative percentage variance of
ramation axes species data/% species-environment relation/ %

0.641 64.1 99.9

2 0.001 64.2 100.0
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RDA HEF A8 TR 7K
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Table 2 Correlation coefficients between environmental factors and ordination axes of RDA

i Axes  ATyen Ry WPyow  SWioew  SWaoum — SWaoew  SWeoem  SWiooem  STo0em  STagem  STevoem  ST100 em RT

1 0.135 -0.198 0.068 -0.489 =-0.423 -0.515 -0.569 =-0.272 0.355  0.395 0.331  0.308  0.180

2 0.470  -0.523 0.340  0.264 0.244  0.369  0.386  0.407 0.408  0.420  0.449  0.499  0.293
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ST20_100em :20—100 cm BREE +IFIRLEE  RT . £T 4R IR E

R3 HFHERBRSHERFHEXIN

Table 3 Correlation analysis between vegetation indexes and environmental factors in ordination axes of RDA
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BB 0.484 " 0.419 " 0.509 ** 0.562 " RS -0.410"" 0.471 " -0.506 "

C:7J% TR S BB MR AW, SWi g :10—60 cm SFE FHOK N H: m I AB: H B AEW L RS MU L, ATy, :20 om B2
TRIE  RHyg. 220 cm 5 25 AR , ST g0 : 100 em REE HHEHREE s « « ,P<0.01
3.3 R KO3 DR R A AR e R )5 TR
SN BERE RRE KM 06 R IR AR | X HCEA 326 45 11D 437

H =54.926 — 70. 86RH,, . + 0.139SW,, (R* =0.562, P < 0.01)
C=0.685+0. 014SW,,_,,—0. 023ST,,..(R*=0.492, P<0.01)
TB=4353.212+145. 398SW,,. —1037. 225T,,.. +790. 414RT (R*=0.511, P<0.01)
AB=1695. 695-2173. 424RH,, +5. 124SW,,. (R*=0.59, P<0.01)
BB=4321. 864+140. 287SW,, , —1052. 372ST,,.,,.+796. 381RT ( R*=0. 507, P<0.01)

RS=60. 084-5. 618ST,,..(R>=0.253, P<0.01)
(] U5 Ty R R e R BT v, S PR B4 58 B A S KO, A5 AR i [R5 2R R S A B 34 R
P B FAKE VI AT A R ST . AR L H o 100 em TR TR BE R i Ah oA B R AE Y B 2—3 N R
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BE PR, e BE R B AR R 20 em R AS S
ATV BE A 40 em PR BE A HEAK A R, YL RN
0.562 F10.59 ; =Wy A A5 i 60 em R+
K1 40 em TR BE 3R B DL K1 A0 M R FE e
B RBON 0.511 F10. 507 ; 3 5 1 60 em TR +- 187K
S3F1 40 em TREE HHERFE W, P RECh 0,492, 1]
DL PRI IR AL 3R R - Rl {6 40 .60 em TR FE 4K 51
40 em WRBE 4 R XA B =4 T — e s, ik
— 25 AT A5 DR X AR ) B i R ] B2 ), %
2—3 4~ [ AR R Y [ F 05 R A Tl AR AT

TEZS 4 P N BT, 40 em W 8K 2

RS
R ZBOEICT 20 om 5 BE2 SRR E 20 om 58 2
RO FE FR B 42 R A KT 40 om YREE HHIK o Rz
A& FUIE R A% 2 BOR T AR R, B 40 10 —

em VEEE HHEK A3 SR A% 5 B 77 AR ARSI, 20 om O ES EEUSME (9% S5REKSETF (EL) & RDA H#
JEZS SAHXHE R T 40 em WE LHOK A XHE ) FE

P B 6T 60 em VREE - HEK4hfoiE  Fie-S RDA ordination diagram among vegetation characteristics
IR0 o EERGIE TR e
R ZREL ;40 em VR 3B 0 (0] 258 72 R A KT 60 o) BB TR g/ ) RS AT, 120 em 5SS
om PRIE T HOK Iy (/N T S BBAR AL B 60 em e o RHy,,, 120 em 185 BE 28 “CAR AT BE/ % , WPyg,,:20 cm
R JE K G o Rt BE ™ 2 LR, 40 em TRIE £ 28 SRR kpa, RT: £T S M 3R B/ °C, SWi 000, : 10—100
SRR T 208 60 om PRI K XA TG BE A o 5 K% STy 0 20— 100 cm VI +HEEE/C
(452 m , [F3 X b A 5,40 em VREE 11

TRAXFH = A 2,20 em 5 B 25 SORDRH B 2 22

F4 BEEFEEXRBNDE

Table 4 Decomposition on correlation coefficients of regression equations

PR AR [ER/5 s AHIE R B AR REL (] $38 42 24U Indirect path coefficient
Dependent Independent Correlation Path
variable variable coefficient coefficient RHy, SWapem SWeoem STaoem RT &t Total
H RH,,,, -0.469 -0.567 0.0978 0.0978
SWapem 0.499 0.593 -0.0936 -0.0936
C SWepom 0. 664 0.643 0.0207 0.0207
ST pem -0.287 -0.228 -0.0585 -0.0585
TB SWepem 0.574 0.514 0.0711  0.0106 0. 0605
STyoem -0.39 -0.781 -0. 0468 0.437 0.3902
RT -0.176 0.507 -0.0108 -0.673 -0. 6838
AB RH,., -0.413 -0.521 0.108 0.108
SWapem 0.571 0.657 -0.086 -0.086
BB SWegem 0.562 0.501 0.0727  0.0108 0.0619
ST 00 -0.4 -0.799 -0. 0456 0.4448 0.3992
RT -0.184 0.516 -0.0105 -0.6887 -0. 6992

H. @/ em, C; %, TB: BAEYIR/ (¢/m?), AB: #1i EAYR/ (¢/m?), BB: #FEYE/ (g/m?); Ry, : 20 cm {8 2 SARXHE
BE/% , SWyoen : 40cm IRBE TIIKIY/ %o | SWgpe : 60cm TREE EHEK /% | STy, : 40em WRE TR /C, RT. LLAMNRIEREE/C
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I 40 em EEE HHEK 3% H = A (AR50 . 7EXF AR AU R A= Y BRI R 40 em TR 1R
JBE ) EAAE K, 60 em TREE 38K 0 AL AN SRR R 2, H =38 M2 R K X — 3 By Rl g vp 21
MR A T4 F e K, RO 40 em TREE HIEIRE 60 em TREE RHEK S5/ 40 em WREE 18R 2 HI
60 cm JRJE + /K 2 AR R BOK TR 368 40 8, 209 SRR A T A2 R 800N T )43 42 2280, Ui 40 em
TREE R R 60 em W + 387K 4 X M i A= i R R A= 1 e A RS R, 21 A R IR i 40 em
TREE A 9 o R e A i N R A g e AR (R R, 25 1 TIR 40 .60 em TR 46K A X RE g b 1
BT A ELAEEREIA 20 em 2 BE A SRR EE AT 40 om VR PE 4398 I 8 S HLP7 AR ] 4252 0 540 om TR 3R
160 cm TR BE - 3E/K /3 XHAEBYE T 3850 7= A B M, 2140 b 2 3 8 % HL = A ] 5
4 itig
4.1 EVEFHESHEERENXR

Stegen %V LT WA A AGE RIS R T AR S E EAA B S LA AR 2 R LS A
TR S PREE R B ST G R (1) W B R EIOR 4 X L T (AR SR R RO R 5 (2) 1%
LAMERRRIFIE-0.7 — 0.6 ZI[H), B R RS B P B TEILRE N 0.6—0.7 eV, AW ZHPER
IS AR TR 5 B S ARSI R W T T & RRR A A Y25 S (2 B AT B R
P RF2EE AR K, TEARRISE T, A EER T 1/K,T 5 InS (Lt s o R 43453 B 2 /K A 5
FE A QL P Fh 22 M P 0 50 24 %o T B ) (0 A 3 R pRBSOC 3R A A B 19 2 — > T 5 oy
R R R R A I R P A SE 4 E AR BEIN A 0. 998—1. 85 eV, i TACI IS T IAE 0. 6—0.7 eV, %
W e FEAE AR T 52 R KA I T AR G R . R, 75 8 Ji s ZE RE ) ML AT 5 AE W 2
FEMEACIFRIS 025 — TN B ARFT A5 2 AT, Wang 25120 %o v B A4 A Z2 B4 A A% Jmy 1) 20 At 2 1
Py Z2 REPE X885 A 0PI RE IS i A &R AP AR IR 1958 1 AT, (H 5 R A RER 2 KT
THAE , AT FE 258 M —50, Hawkins 557 5 B AIABFSSAR IO 45E , b A 1E Bh 48k 46 0Fh B 122 XF
Y Z RGBS AT T A0SR I, 25 R R — P B AT & BS vh i R 0B 4 o) I B (B A 2k
PERZR BT FEAO RN A 2 AN B R A . 117 Allen 2512 F1 Brown %51 XHZ 398 9 B UE 2 W], A [] Hb
XA 22 BE M 1 0 8505 46 X IR B 1 (B 800 1 0 S R M S &R, T R I R AR B E U R 22
Algar S5V HIA N Wb 2 B BB 2 00 B 1 BB SRR G R, 8 MR TE A ) il X LA AR K 2%
S EEERS B A AT -0.7 A1 -0.6 Z ],

Y AR IS P HAA R E S, TR S 2SR A O¢ . DA FHEE 2R3 A/ —
T 11 U7 43 BT P Z2 P T 00 4 o T P AR 2 TR B9 G 3R X P S Il 0 7 A5 B ) R — 5 R ) RPREAS S AH
[F] 55 2 [l A A5 3 4 5 RE AR Ldie /N e [ S B R B ) A 22 BRI BHIE 2 T B — b 2 ] Y
BT AR Rl ZZ AR R AR I T B F2 X122 (A0 — Sk a2 A S E W R Z BRI Y i TR
JE YRR ELA I B feid 03 B FL 1 EL K 22 B R A A T i T 30 LA R | PRI L AN B R AR W) 2 R
PEACIEE A AT > AR AR R A M ZRE A B e i s B — e R A S
WA, AT UL SRR T AR 1 A Y 2 REE R BRI 2 R A R R RN 2
4.2 R KX e A A G R R

TR A S R G A o T2 B R B 2 — AR AR T RN A ER ARG R T T A
7 FRE R M LA S WK A R R SRS o, E P G R K R AR
e EEHI P T Sear S50k S A B AT ST R AR b -t A i B AR A K
BN, BE TR T 5 (0 A s X AR ART R %o A ) e ) 52 T e 41 I, b A ) e A2 - S8 e 0 R b S AR
B S A5, AR 5% X 7 0 v Do oy 9 B fl R R AR S IR K IR T R IEATRY RDA HEFP 43 #r 2607, TR
JEE Ko A AR A M A, B 43 X A AR - b T S A3 R M A A, LR R A 3 K % A
L 1) 552 M S W S 2 TE AN, 0 B 2 — 3 T P B P v R S K 3 185 T 329 T i Sk 2 i s v 8 R e A % 2
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Ko FEIREE D A 305 e ar 0 R — B 458, T RE S ST X M B0 ' AR A SR A o, T
D, 85 AR 6t e b/ ) AS R A AR A 7 A R T) L 32 0 R i), o b/ ) b A 9 e R A R R
A EL A3 M SR 6 FREE PR (4 e 17 AL S AN A T B IR T AT

B SR P E O R HLFm frg At 2 RE TS — e R
AT DA R A A I AR A T B R R [ S B TR R /NS IR, DT S A 2 Rl R AR
s (R AR I A A K R B AR R AR R Y AT G X G R I S A M B R AR SR K TR R
AT BB ARSI T I ,40 .60 em FEEE +HEK XG0 385077 Az BRI, 20 em 1R B 25 ORI BE AT 40
em PRI 1 BT FE X = AR M RE 0 540 em TREE 38R BE AN 60 em VR - HE/K 40 XA Bl b T 543 7= Ak EL R
M) , 21 4l 2 30 P8 o P A e i), ] AL, 39K A o s SR e A g A P AR A R R, R T 5
KM PR E Y, Boeck 4572 BFFT W, IR 5 80 1 HE S /K B R R, (AW b | 1 3 T AR 43 )
BT 18% 1 23% , ZE ARSI SR SR, S5 E -1k 550 98 W) Ml Bl A A e RO 7 RIS A
PNETIFGE A B TR R 0—30 em AR R AR YR B TS [RIRR BE AU L X 3R B S R R S - AR X Ak
U R, RS RE LT (AR R K2 RS0 T, BRIAR R AP, Dubrovsky %5
W5 R RS 22 L HEBUK T2 P ERFIR RAERIZ 04K . Edwards 55V HF50IAH, HHERE A& &
HEIAR RIET- % PR AR R AR SRR . UL, fp b N A 5 H oK B UM oG, i gE
) AR EE A TE LI IR S M H 2, 2R B R B, 2R T K R
WD B 2a )5, B FE R B A W AR R R IR 2R (R AR R I, R 1a S5, 148K
SIATERIZWD RIZHIES (K 4) 3] g 58-S B0k LR A G,
5 g

T e i e FE A AT B B ) AR AR S IO 50 1 M (BRFF AR 2 MR . AR E
A X 4650 55 4 XL B P R 50 2 I S e P s D9 G R, BRIV — TR 2 3 ) PN R A e 2 A 1P B U R P T 2
i, B2 S 3R-1% 2 B (0—20 em) JREERR)Z LB (40—100 cm) JREEXTHEGEIFI Z R, 1446
PEC R BRI AN -1. 85 — —0. 998 , 453 U Bl B WA 15 A v (9 7 2935 A BE NI A 0. 998—1. 85 eV,
T AE Z R ERE BUE 0. 6—0. 7 eV, 1 J2 i 28 ) A g IR IR B 885 145 17 1 i 4

T e DA e FE A R R AE SR K A PR TG R TR X AR b 35 43 M A TG 3K 40 X A ik
SN AR 3 Y A R K S AT A i e FE R A AR K AE AR K 2 1,40 em (60 cm
TREE 8K 3R 40 em TREE 38R BEXHEGGE MR, BT 40 em (60 em TR EE + 3K 7 X AE g3 5y 77 A4 B
FERZA,20 em 55 BEZS SABXRE AT 40 em VR 4980 B0 FL™ AR [ 52 0 540 em TR BE H 3R EEFI 60 cm ¥R
JE A 9K A3 PR A T 3 7 2 AR ), 21 A M R P L P A R R

AHIGE 2 BT )2 ST B RN K 43 %o v FE R A A B ELAT 2 iV 3 0T BB S5 4 VRS R Al fb elc2s T - 8
B K R R A G, (H i T HOR SCE A ] A La, A BYEHE A A 2 DU RE S Fh 42 1 BIL B, X
TR - Fl p e 5 ) ) B A K RS R IR AR .
gt FOMEHAZ T I OGSO AR R BB R B R AR SCHE SR S VR 45 145 By s AR 52 & i 4
W A% 5 A S 60 el R RS B Ak 8 v 2 T 5 B, R s
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