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Abstract: Alpine meadow is one of the main vegetation types in the Qinghai-Tibet Plateau. Alpine meadows are variably
degraded under the influence of climate change and human activities. The carbon flux in alpine meadows changes with the
degradation. However, the characteristics of carbon flux components during degradation in alpine meadows are still unclear,
hindering our understanding of the transition between carbon sink and source in responding to global changes. In this study,
four degradation degrees of alpine meadows, including enclosure as control check, lightly degraded, moderately degraded,

and severely degraded meadows were studied. The net ecosystem exchange (NEE), ecosystem respiration (ER), gross
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ecosystem productivity (GEP), methane (CH,) fluxes, and related environmental factors were measured during the growing
season by the static chamber method. Results showed that: 1) Alpine meadows with different degrees of degradation in
summer were significant CO, sinks, with NEE ranging from —1437.55 to —98.45 mg-(mz-h)f1 (CO,); NEE, ER, and GEP
decreased significantly with the degradation of alpine meado(CH4)w (P < 0.05). The alpine meadow presented a weak CH,
sink with a mean rate of 0.029 mg~(m2-h)71 (CHy,), showing no significant difference among degradation degrees (P > 0.05).
2) Soil organic carbon content and vegetation coverage were the two main environmental factors that affected NEE, GEP,
and ER. Our study found that the capacity of carbon sequestration of alpine meadows decreased by 55% from lightly
degraded to moderately degraded in the growing season, indicating that more attention should be paid to the succession of
alpine meadows from light to moderate degradation, which is crucial to maintaining the carbon sequestration function of

alpine meadow.

Keywords: grassland degradation; net ecosystem exchange; ecosystem respiration; gross ecosystem productivity; CO, flux;

CH, flux; Qinghai-Tibet Plateau
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A5 B AN E A T 2021 4 7 H RAEH A B
1 IEBE B A M AR AGES U0 B (98°48'~100°55" E,
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Figure 1 Monthly precipitation and mean temperature of
Magqin County in 2021
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Data source: China Meteorological Data Service Centre.
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Mo 1A 3 3 AE RO BRI XTI (R 1), R IR L
A B OR AL b Oy B T sy, R GR KRR M T
2020 42 SE R PO B T ARAL T H BPIRES . mFE

1 1R A6 R BE K 48 HE 4 78 5% L (vegetation cover,
VC) R i 4 R 4 B R BB AL VC= 70%, T
R N 5 B = 70%: ARk : 50% < VC <
70%, 30% <] £ 45 B AH X 55 B < 70%; IR AL
VC < 50%, 1] £ 05 A X 55 B < 30%. B AN H Bl
HLIEFE 34 0.5m x 0.5 m BETT, WERETT W VC, Ik
FNEY) I EEB o, 2 RS IR A, FE R AL e
CO, 1 CH, i &, &2 0— 10 cm 3 & H 35K
434 (TDR 300, Spectrum, 3£ [#) 1l % .

) M b oy A BB S NS, E 65 C
HEAR FROBE 72 h BE R 5 AR E RS E A A
= (above ground biomass, AGB). 7t ¥ /7 W UL H &
3.8 cm [ 45 4 Z A5 B 0— 10 10— 30, 30— 50 cm
+ 2 R . DK AR ST 2 mm 0 O 2
BRUUAR, 23 B mif o — 4y 3R B TR e+
3 & /K & (soil water content, SWC); 75 — 11 £ fi AT
J& FHER B AW BS, >R 76 % 73 T4 (Vario EL 111, EA
GmbH, 1 [& ) | & 1 2 H HL % (soil organic carbon,
SOC), A 1:2.5 T /K& Bl 52 1 3% pH (PHS-
3C, g, ).

1.3 £75%% CO, #1 CH, BENE

B RG CO, MEHNUIEAED RGF A (net
ecosystem exchange, NEE). 4= % 2 4t I W (ecosystem
respiration, ER) Fl & A2 245 R 48 42 7 77 (gross ecosystem
productivity, GEP). 44 & 4t CO, i & Il CH, 1 &
K FH A R R E Y, MR E S W H 09:00—
12:00 HEAT o BEAMFEHIIL £ I AUAE T 222 — > 50 cm x
50 cm f5 & e AE, J7 HER R N4 R R kN 3% 3 em.

Tl HRMBEAESHEEES

Table 1 Location and plant cover of sampling sites

W 2E B
SR AL s s i i et
Degradation degree Latitude Longitude Altitude/m & o Dominant plant
coverage/%
X HEE orar y o117 ” MR, R
Control 34°28'47.28" N 100°11'59.64" E 3723.98 76.67+1.20 Elymus nutans+ Poa annua
iRl rl s R R AT
s 34°18'55.8" N 100°34'35.76" E 4 057.28 74.67+1.45 Kobresia pygmaea. Kobresia
Lightly degraded o ; .
humilis Potentilla saundersiana
. B, HBEZET. B
IR 34°20'3.12" N 100°29'47.04" E 3962.70 66.00+2.00 Carexs Carum buriaticum
Moderately degraded : : : : : Sti PP A
tipa purpurea
—— HARE . TR LR
Severely degraded 34°20'18.24" N 100°34'15.24" E 4 049.41 29.67£0.88 Ligularia virgaurea. Ephedra

monosperma- Ajania khartensis
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WP (AR A0 B CO, A CH, I I T8) £ 48 4k A 3%,
F U R 26 2 5 I 3 IR 1 2 SR K R AR R
&S A S I AL (] P9 R E A R CO, AT CHY 1)

X F, A8 & [mg-(m™h) ], %A Ak B AT
281 B VA 23 T R A L 2R LR dotd, MRV S IR
1 JBE R J5i B (grmol ) FIL bR #E BE /K 44 B 22.4 Lomol
P APy 3 90 I B RS R SR E RS E (Pa), TS
Ty 53 AN AE P 28 S0 FE T S AN 2 R B, H O
BAEE (em)o

CO, 8 &I 52 B Ja 16 6 B 1F R HE 47, b )
SE WIAH A NEE (IE {8 Bk HE S F A 8 B i, B
™ ER A1 CHy AH [A]); S8 )5 45 R A48 55 B ANE G AT
W, SLwt e M{ENER BESRAET T
(GEP) 4 ER 5 NEE [ 286 (IEH NAR U, ffE N
A X RG K CH, &I &4 T 5 NEE
[] 25 W 72 o
14 BERSHR

1B AU B FE X6t v 98 54 42 45 & 48 NEE. GEP. ER
A CH, 38 & 1 208 2K F . & 5 2 50 BT (one-way
ANOVA) K5, %X J5 F Duncan.test XJ A~ [F] 1B 46 72
R 7 %€ 55 fa] NEE. GEP. ER Fll CH, JB i #k47 £ b
% . NEE. GEP. ER fll CH, #i & 5 VC. AGB. 7} ]2
33 B AE 9% P SR B Spearman AH R R B K IR .
KRG T R 4.0 F & 5k

2 R
21 ARIRUEESEERANKEERFE

Fuh L FE B fa) 7 H NEE -1 437.55~-98.45
mg-(m’-h) ' (CO,), EI MBI (K 2a). NEE i &

FE R LN B T e 55, 5 R RE AR B, R
JiE RN EE FiE B b vy € ) A5 &S R 48 NEESY IR 55 T
30%. 70% Fil 80%. GEP [778.8~2481.4 mg:(m’h) ']
(CO,) #1 ER [342.6~ 1238.3 mg-(m’-h) '] (CO,) bt &
T 2 L) S I R R AR R B s . R
iB 1k B v R fk A M GEP AT ER 4 5l BE AR T 49%
FT 44%, T A R AN R 10 R 1Y) GEP R ER ¥ G
i £ 5 (P> 0.05) (E 2b, ¢). GEP. ER il NEE =
) AH O ME R 2 (P <0.05) (K 3), H ' GEP 5 ER
REETHIFSLR, 5 NEE EEEIFHISLA NEE 5 ER
REREAMEKRK R AR FE 1 5 28 5 ) £ b
%155 /NH) CH, Wi, CH, ~F %W IiG3 24 0.029
mg-(m”h) ' (CH,), A~ [ 38 Ak 7% B B 3t 5] CH, W Ui
WR LR #F %2 % (K 2d). CH, 5 GEP. ER Al NEE
SOp R TE Y IS
22 HEEFNESEEFKESZ

AN A 3B 46 #2 FE =y 98 %5 41 1Y) GEP. ER Al NEE 5
VC &3 /5% (P <0.1), 1l CH, &5 AGB & %
*K (H 4). mZEE K 0— 10, 10— 30 + 30— 50 cm
(¥ SOC & & 43 )4 35.56, 17.61, 11.41 g'kg ' (% 2).
0—50 cm “F-¥ SOC & & N8 Bk (34.58 g-kg ) >
X (25.23 gkg ) > HEZIR K (16.67 g-kg ) > HEJE
BAL (9.64 g'kg ). B BE IR AL R H 0— 50 cm P 3
SOC 5 2 b HE iy 37%, H AR B AR Ak 21 Hh FE IR Ak
SOC & NI T 52%. AN[FLRAHEFE 5 €M (1) NEE
5 % ]2 SOC & & ¥4 &8 3% 71 M 5%, GEP. ER{U 5
30— 50 cm f] SOC & & & # IE M1 9%, CH,5 SOC &
6% # M 5% (B 4). GEP. ER. NEE I CH, & &
5 ARERER SWC, L3 pH fIRE LR E TR
FERKKR (E 4,
3 ik
3.0 EFESEEANHCIER

AT R R, LR E RN
3 1 CO, L, A I g W Ui b & CHy (B 2a, d),
5RZHTE R L 5, S F X TR
5 AH OV I 9T B, B0 B R R R AR A B e
W 7 H 1 NEE §-232.73 mg-(m”*h) ' (CO,)™", 5
AR 58 v EE R R AL R M [-272.69 mg (m”+h) '] (CO,)
i . gAE 1 AE A 4 9 ) AP (Elymus nutans)
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2 FEBRUIEESEEAESRAGAXER. ETRGETER. BESREEFHINRRES
Figure 2 Net ecosystem exchange, ecosystem respiration, gross ecosystem productivity, and methane
flux in alpine meadows among different degradation degrees
AFV/NG FRER R AN AR AT R OB 2 2 7 B2 (P<0.05). CK: XM LD: BB MD: JERM; SD: HFiR.
Different lowercase letters indicate significant differences among different degradation degrees at the 0.05 level. CK: control check; LD: lightly degraded;
MBD: moderately degraded; SD: severely degraded.
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Gross ecosystem production/ Gross ecosystem production/ Ecosystem respiration/
[mg:(m*h)(CO,)] [mg:(m*h)(CO,)] [mg(m*h)(CO,)]

3 —EHHREEESHEXMES R

Figure 3 Correlation tests among the components of CO, fluxes

HIEE M NEE —FErh i KAEEETES, 20008 FOREE I E % NEB S & T A0 58 o iy o
—363.61 " /1-270 mg-(m*h) ' (CO,) 7. HIEFIET  BALKEHIIAE 9B A8 [-372.30 mg-(m”-h) '] (CO,),
W PE AR VLI E () NEE B8 7 B R U5, EREBERL T RS 5 R LR M [—828.35 mg-(m”*h) '] (CO,) #
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NEE ER GEP CH,
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Figure 4 Heatmap for the correlation between CO, flux
components and environmental factors

VC: MW HE#HE: AGB: HEYM LAY E, SOC: LA
B SWC: HHEEIKE; ST: RZHMWEE; NEE: EERGH
ZHe; ER: EXRGWW; GEP: HAESRLGA~N; CHy: W
Fril Ak oo, ek SRR R R 0,001, 0.01. 0.05 1 0.1 K%
T N

VC: vegetation cover; AGB: aboveground biomass; SOC: soil organic
carbon; SWC: soil water content; ST: surface soil temperature; NEE: net
ecosystem exchange; ER: ecosystem respiration; GEP: gross ecosystem
productivity; CH,: methane flux; ***, ** * and + indicate significance at
0.001, 0.01, 0.05, and 0.1 levels, respectively.

M. BT EZ AR, SRR E ) %
B ] 7F B 24 R A H R BRI AR
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Bt 55 b 3B 0 R T ek 55 L AN 2 SR A 3 o R R
b B B B i e Kk 55% (K 2), Al SOC & &
B& 23 50%, 0] SOC A §E7E 31X — i B K &R i, Ml
TS RGRBOIC A B, SRER
TR B RE AR B, A W o 45 K 95 BRE R AR 34 Fh %
BN AR (3 1), Y T RERE AR Ak fi 3 AR
R R, AR R TR S RS
BRI R R Z—
32 RUSEEAIFRKBEESTL

50} HEFE M AH b, AHIE 70 4% B R Hp R R A 1
FE ¥ fi) NEE Ml GEP & 3 A ¢ (K 3a), Ul B i 98 &L
) 75 18 6 i A% o B Y 9855 2 B2 i T GEP ek 55 5
FEK . T Y BT ATt R B A R Ak
AR R G A E BRI T 1 B IE KT ER,
424 NEE M\ FUH 5 9 IEAE . 5 %€ 5 ) 2 28 GEP %
B 7 A0 S R e T AR G K L T, SR AR
HH AT PR A A 56 P A O A 1 P SR EE 0k 55, AT B AR
1 GEP (& 4). A#FFH KK AGB 5 GEP i)+
Kt (K 4), S0 ANBIRTF A — 80, T Rg R

®2 TRIBRAEESEEGTIRMERITIE

Table 2 Soil and vegetation characteristics in alpine meadows with different degradation degrees

BT Tz T3 PR TS KR i RZ IR T My AR
: : . . . FpH .
Degradation Soil Soil organic Soil water Soil pH Surface soil Abovegroungl2
degree layer/cm carbon/(g-kg ) content/% p temperature/ C biomass/(g-'m )
0—10 3523+2.71 19.47 +1.05 7.47 £0.07 12.37+£0.28 190.05 +20.09
v HE
AR 10—30 22.18+1.72 27.37+£9.92 8.17£0.09
Control
30—50 18.27 +1.63 15.50 £ 0.57 8.33 +£0.07
0—10 63.39 +4.67 31.70 £ 1.25 6.40 + 0.06 8.43+0.19 143.49 £22.15
BRI _
Lightly degraded 10—30 25.33+£0.59 20.03 £1.07 6.83 +£0.07
30—50 15.01 +1.78 16.60 = 0.25 7.30+0.36
0—10 27.08 £ 1.44 24.83 £0.27 8.20 +0.06 14.20 +0.80 195.68 +40.57
TR _
Moderately degraded 10—30 15.39 £2.03 20.50 £0.25 8.47+0.03
30—50 7.53 +1.30 15.00 + 1.50 8.63 +£0.03
0—10 16.55+2.15 15.00 +1.19 8.20+0.15 8.37+0.38 76.66 +23.12
R _
Severely degraded 10—30 7.54 +1.35 13.13 £ 1.61 8.47+0.13
30—50 4.85+£091 11.87 £0.87 8.67 £ 0.09
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