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Effect of Degradation Succession Process on the Temperature Sensitivity of

Ecosystem Respiration in Alpine Potentilla fruticosa Scrub Meadow

LI Dong'?, LUO Xu-peng’, CAO Guang-min>* , WU Qin’, HU Qi-wu’, ZHUO Ma-cuo', LI Hui-mei'

(1. Qinghai Tibet Plateau Institute of Ecological Environment, Qinghai Nationalities University, Xining 810007, China; 2. Northwest
Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810006, China; 3. Xining Institute of Forestry Science, Xining
810003, China)

Abstract: Grazing is one of the main artificial driving forces for the degradation succession process of alpine meadow. In order to
quantitatively study the temperature sensitivity of alpine meadow ecosystem respiration in different degradation stages, we conducted the
research in Haibei Alpine Meadow Ecosystem Research Station, CAS from July 2003 to July 2004. The static chamber-chromatography
methodology was used to observe the seasonal changes of alpine scrub ecosystem respiration flux during different degradation stages.
The results showed that; (DThe seasonal changes of ecosystem respiration flux in different degradation stages of alpine shrub presented
a unimodal curve. The maximum appeared in August and the minimum appeared during the period from October to next April. The
degradation succession process significantly decreased the ecosystem respiratory CO, release rate. The respiratory rate ranges of alpine
Potentilla fruticosa scrub (GG) , Kobresia capillifolia meadow (GC) and bare land (GL) were 34.21-1 168. 23, 2.30-1 112. 38 and
20. 40-509. 72 mg+ (m*-h) ~', respectively. The average respiration rate of GG was 1.29 and 2. 56 times of that of GC and GL,
respectively; @ Temperature was the main factor that affected the ecosystem respiration rate, and contributed 25%-79% of the
variation of the ecosystem respiration. The degradation succession process significantly changed the correlation between ecosystem
respiration rate and temperature. The correlation( R ) between ecosystem respiration rate and each temperature indicator (7., T, and
T,) was reduced by 47.23% , 46.95% and 55.28% , respectively when the ground vegetation disappeared and the scrub was degraded
into secondary bare land; @The difference of Q,, between warm and cool seasons was significant (P < 0.05), and the value of cold
season was larger than that of warm season. Degradation succession process apparently changed the temperature sensitivity of ecosystem
respiration. The Q,, values of GG, GC and GL were 2. 38, 2. 91 and 1. 62, respectively. Q,, of GC was increased by 22. 26% and that
of GL was decreased by 31.93% compared with that of GG.
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Table 1 ~ Main physical and chemical properties of alpine scrub meadow soil

e LB Ak
e - T TR TR T S Y
/% /% /% /g-cm ™ /% C/N p /% /% /%

0~15 42.39 29.94 27.67 0.873 19.62 13.3 7.38 0.855 0.112 1.527
I 15~23  34.30 38.09 27.61 0.934 9.91 14.2 7.52 0. 406 0.083 1.809
o LLE A

23~56  36.48 35.96 27.56 0.979 10. 41 12.4 7.40 0.487 0.083 1.768

56 LIF 5115 27.57 21.28 1.033 4.30 14.2 8.15 0.176 0.072 1.934
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RIS em WE(C); a, b NFESEL

2 ZBR5HM
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Fig. 1 Seasonal variation of ecosystem CO, emission rates in different degradation stages of alpine scrub

(£2). (BB RUE T A4 8 R G IR
R Z B ARG, Bl AR A R AL A0 o3 A
PSRRI R, GC WP R SR AR bs T, T, Al
T, Z [ MG 1 (RY) A EE GG 23 Bl 3 i 1

12.95% . 10. 11% F1 13.22% . i >4 Hh 2 4 ¥ 56 4>
THR N — 2RI R A R LS, GL WP IR 5
RGREIERR T T, 1 T, Z M BYAH M (R A T
GG 43 HIFEARK 47. 23%  46.95% F1155. 28% .

£2 TRBUMBRESRETRER(R)SRE(T)HXR

Table 2 Relationship between ecosystem respiration rate ( R) and temperature (T) at different degradation stages

k45 T
ke /T - # fﬁ*ﬂ -
T, Y =233. 77¢" %75 0.703 60
A (GG) T, Y =251. 39¢% 045574 0. 475 60
T, Y =251, 12e% 7747 0.673 60
T, Y =124.91¢% 10157 0.794 61
MhH AR (GC) T, Y =133, 1> 174 0.523 61
T, Y =152. 8¢ 1®7a 0.762 61
T, Y =118. 47¢% 054475 0.371 58
it (GL) Ty Y =106. 87" %9274 0.252 58
T, Y =120. 2> %937 0.301 58

2.3 A[EHR BB BAR S ZR G0 T W 5 1) R U

3 R, ANFEER LB Be A 7S RGPk R
IS em HE R BEIEBA LR (P <0.05) ,H
KR ZENIPIH ARG 4 5 om IR A B 5 T
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H ~W4E4 A GG, GC M GL Y Q, 82359k 3. 22,
3.03 1 139, MM A KZE5 ~9 H Q flm 5N
1.25.1.63 Il 1.28(F3). &% O fH0 3= EK
ZEW 2 2. 58 £ | 1. 86 {5 1. 09 f5. Jr &0 Hrah i
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Ve ZE > BEZE. WY 2003 47 A F 2004 4E7 A,
GG . GC I GL 1Y Q, fE4> 51k 2.38 . 2.91 Fl 1. 62,
SUEMMIL, GC 1 Qo fEIE N T 22.26% , i GL N

FEAE T 31.93%.
3 g
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NBAET IRy A A U A K A ST I B8R 1 24 O B
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Table 3 Parameters for the exponential model fitting the relationship between ecosystem respiration
and soil temperature at S5cm depth and Q) values at different degradation stages of alpine scrub
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GL 109.62 0.0329 0.119 15 1.39
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Fig. 3 Correlation analysis of ecosystem respiration rate and soil temperatures at 5 ¢cm depth

soil (T,) in different degradation stages of alpine scrub

JET O Wi K EE A Y | s R AR
A P[] ) AN M A, R ARV sl e )2
AT 8 Z A LY BRI AR R A X sy
B S B AR 22 50 W0 40 Ry Tk 2 0 1% s B4R 5 1Y) 4
F R, AL HE AR b v B o B SRR R T A A=
P E I AR A, B3R 4 TR
t e FEVE AR AR DA B S A A M L | bR AR
Y&y WA T 14.65% F18.62% , )2 (0 ~ 10
em) HIEFA LR FEEINT 31.17% . MY EY
R B T AR B SR T T IIR )
(A BB ) AL SRR T A 18 5 5 I g 3k 8.
M7, 1 FE T AR A R o A v, A S R G0 I I R

FEBUE T R B RE A > PRI B > #i b, 5 9E A
AH EE, PAJR] ) R0 AR b A 25 R G0 R IR 2R 43 ) D
T Yy 22.84% F160.92% . 5 AN, A BF 5 35
WO RS AR AR B B R TR I | AEAR
1 S BL T 23 3 g, DRI R SRR COo, B
HOE A2 BRI (1 ~2 a) BUBE 0. [EABEFE
AR AR A RRE 1l S A XU I 281) I 157 3 3R 448 o 1 B 42
W12 534 B TR, — 7 T8 AT B8 J2 H T 0 AR Ak 3
SRR Y ) AR E LR AR R YRk A A Y
i1 L R wb S RO o DR I 7 D e N g i
BRI R . 55— 7 T 5 A it 58 0L 000 B (1] A6
Xt AR KA E &,

F4 TRBLEMBEERFEREAXER

Table 4  Vegetation characteristics and other relevant factors at different degradation stages
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Fig. 4 Correlation analysis of GG, GC and GL ecosystem respiration rates and soil temperatures

at 5 cm depth soil (7,) during growing season and in winter
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