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The effect of moisture and temperature on soil C mineralization in wetland and

steppe of the Zoige region, China
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Abstract; Soil carbon (C) mineralization and its response to temperature and moisture are important components of an
ecosystem’s C cycle. In this study, soils of alpine wetlands and meadows in the Zoige region were incubated at various
temperatures (5, 10, 15, 20, and 259C ) and soil moisture regimes (70% , 100% , and 130% saturated soil moisture
(SSM) ). Soil C mineralization rate (or soil microbial respiration rate) was measured regularly. The main objectives were to
(1) explore whether the responses of soil C mineralization and in particular, its temperature sensitivity (Q,,) , are different
between alpine wetland and meadow soil types, and (2) to reveal impact of warming and drying scenarios on soil C storage
and C sequestration in alpine wetlands and steppe environments. The results showed that soil C mineralization increased
significantly with increasing incubation temperature, but excessive soil moisture depressed soil C mineralization. The soil C
mineralization capacity in the alpine wetland soil was higher than that of the alpine meadow, regardless of soil moisture.

Moreover, soil water content and grassland types interactively influenced @, of soil C mineralization ( F'=14.79,P<0.001).
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In the meadow, the values of (), increased significantly with increasing water content, as follows: 70% SSM (1.21) <
100% SSM (1.76) < 130% (2.80) in the 7-day incubation experiment, and rose from 1.17 to 4.53 in the 56-day
incubation experiment. The (), values were not significantly different in the wetland under different soil moisture in the 7-
day incubation experiment; but the Q,, values increased significantly with increasing soil moisture in the 56-day incubation
experiment. On the basis of the different Q,, values, we concluded that soil C mineralization of the meadow soil is more
sensitive to future regional warming and drying scenarios than that of the alpine wetland. When evaluating the effect of
warming and drying scenarios on soil C storage and sequestration within alpine wetland and steppe environments, the
phenomenon that the Q; responds differently to changes in soil moisture and temperature in the alpine meadow and alpine

wetland ecosystems should be considered.

Key Words: grassland types; incubation temperature ; moisture; soil respiration; temperature sensitivity; Q,,

IR RS A HURRTE S W VE R A0 R JO ML (5 AR S S R G E R 1 e AR
TR K A+ e I BT B T R Ak A K o R B AR S R R S A S R G
RRAG RS 0 1) S BLR AR AR 2 HERRH b 14 1R SR R Qo R RN, Qo B IR R
RO T - SRR A ) 7K A SRR 2 0 22K A B R A SRR A Y R TR AR 43 S T
VEFIF H3emem 1k =",

TR 2 5 O 2t + Rk b S R B U E TR R TSR TR ™) BRI, 56 1Ry FE 0 1l i 1y 98 B
FV IR RN A HRIE A5 % i b DO R ) 5 R ) e R il A A X, FOMURR A i | R AE ) X R LA
TR BRI RIS AR e SR AR Ak (LR FNK 43 ) SRR RURR BRI, R T R B K A R
SR A S 1 SR B HRTRHIEN B3 CREHE I AR R UM A2 b 23 00 FE 00 b A SRR I AR S, A S 12
FNT 54k (BRI RR A I T4k ) S 7R i b DX TR %) 28 A S R [ R — | B Rt bt R 5 i) - S e ™ A b 1) 5%
W AART 2 B A RIS A 22 Sy Y R B SR S, PRI, RS2 X S8 F) i 32 K
ST BURHE A B T8 7R b IR B T 5T et it A2 4k

AR SCLAA R i b DX 1) e € 100 bR e FE R ) S BIF R X4, 38 3 AN [ 8 FRK 4 1 35 95 S8 450 1 AR Rl K
G3ARBUT 0 A A8 38 R R B RO, A0 1B R 2 (R AL 4 < 1) YRR R K 23 AR A X i FE T A R
) SR AL B2 7 2) RN R ) T SRR b A IR AR X T Ak P e [ 2 A AR ]
1 ZBWHMBEFE
11 AN

A R i M DX T e SR 2%, AT LSRR T )1 4 BT UGEE JE R A IR M LD LA RS B I
1 3400—3900 m , Ja K fifi P g J A 5 P FER  FR RIS DU A AN It AR P8GR 0.7— 1.1 °C, B
R R B R BAE L A6 A, 40 -36 C M 26 C, FEHIFEKEN 749.1 mm, 3475 Kk & 1262. 5
mm ™ R 6 b X2 3 FE 5 R 9 7R FE TR A3 A X i ) 1 g S b 1 b X ) R BRI T
) DX B R ) T e FENR M BN IR Ak -, I3 AE B A A A e AR SRR R FER A O
PP HE K BB B ( Carex muliensis) . & & 5 ( C. lasiocarpa) | % hMEE(C. meyeriana ) . I 755 B ( Kobresia
tibetica ) FIRU: 3K FEHL ( Scirpus distigmaticus) (VU AE B IMELL ) 2 FE R ) MW UL R (Kobresia ) F1ZE S
( Polygonum) #i %) & F, L &Y F FH £ F ( Festuca ovina ) . VU )I| %5 ¥ ( K. setchwanensis ) | [ F 2
( P.macrophyllum) % %% ( Deschampsia caespitosa ) FIFEFRPE I EL ( Elymus nutans) 55
1.2 FEMBIREE S B AR IURE

TR i ML DX 2 TR Y AR b T /K8, A UK 7T 4Ry A0 b i B T A AR
B FE R R 23 ATAE W & L, b 35w AN il BKHE , B RTR A ATME UGS . R 1 RS [F] 26 B 5 b
- SR A TR E K 53 (8 A8 A R AR B 25 5 AR R b D 1) B OM R A G 1 % IX B HARR

http ; //www.ecologica.cn



&t
He

6438 *+ Eild 33 %

P P18 00 b, R ) SR AR SRR IR 42

2012 4% 5 A FE D)1 48 B AR 2R A e 21 i 25 b %) T30 A S 3 A b B 0 36 8 1 4 S 0, 2 S ox b ik
TR HbAE M RN R A A (RIAS SO 8 AN SEER A M, o 4 N 4 R B L XA HB A I
(32°54' N,102°35" E, 4k 3483.6 m) , %4 (32°54’ N,102°35" E, 4k 3506.7 m) ; o 3 XpREHD LIS 1 %)
FEH LAl TR 3 ATHERS 1 km 2245,

RS RE L , BEHLBEE 10—20 R4E 5, SR HAREEXT 0—10 em H3ERE S IEFTEURE ; 24 R4 5 Y
THR AT —A LIRS (55 ke) o FEMRHO RN LA 730 34T 4 MRS IR EA SR, HIEMETES
WIEAT L AL B (2 mm 3G ) 5, T THRBRAR R A0 29 100 g 85 FiAb 34 A% 338 i T Ak 3, o+
HERERNE 4 CHK,

1.3 FEHNMA SR
1.3.1  HIERERIE

I A K R A S b e e A A A R TR A g |, 3 pH BRI H

pH THIE | -8 R0 i 2 A0ME (R 1),

®1 SLIGHME T EEBAER
Table 1 Soil properties of experimental plots

S H R - T o) /N
Experimental plots Electric conductivity P Total C/% Total N /%

{ i Wetland 143.00 + 6.20 a 5.99 + 0.22a 5.44 + 0.03 a 0.44 + 0.01 a 12.25 £ 0.11 a
K] Meadow 109.50 + 2.10 b 6.10 £ 0.18 a 7.78 £ 0.01 b 0.56 £ 0.01 b 13.96 + 0.02 b

ZE B M {E £SD (standard deviation, n=4) ,Kﬁ?ﬁi‘#iﬂlﬁjé%ﬂ% (P <0.05)

1.3.2 =N
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B8y 7K 3 ek TR R e 2 A A X - AR A Ak S LR P U R R i BT A A AL SPSS 13.0 Ge it AR 1R sE K,
WEMEZERKTE R P = 0.05,
2 #R
2.1 R EEFIK X e b 5 R

TR T S S R T T SE M RN ) () - HERR L (F = 97.32, P <0.0001) (& 1), 7Kt 4 s s
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IKAPIRILT 1+ e i Ak 2R = T8 ), LA 70% SSM IR BE 20 °C S 43, 3 M i0 + 36 ™ 1k 2R
(459.76 pg C/g) B = T HA) (191.30 pg C/g) , il B3R o5 1 o 3460 W 4 5 B 25+ 390K 40 T i, P =2 [0 1Y)
FEREREIRAG . IR BE K 3 e ™ b g i 3, H B AR AR A 3 1SS BN (P <0.0001, % 2)

1 Hif)
500
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100
H 0
20
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» s 400 |
&
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=2
§€ 200 |
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L
K 100 |
g
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< 0
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400 |
300
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100 | é;i §
0 h 1 1 n I
0 20 40 60 0 20 40 60

343} A] Incubation time/d

B1 TEmTHRRENHEE
Fig.1 Dynamics of soil C mineralization under different incubation temperature and moisture
SSM g A {5 7K
2.2 FOHI AR 53 X6 i EE HURAE (Q ) IR
T (P <0.05) F7K 43 (P <0.05) X} Q,, HA B E 5 m, H = R4 AE B35 138 B AN (P <0.001)
MEIKEN T0% SSM B, = FEWRHLAY Qo fH K T = ZE R4 (&l 2) 5 4% 7Kk 100% Fil 130% SSM R, = JE B
I QB R T FE M,
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Table 2 Effects of grassland type, incubation temperature and moisture on the accumulation of soil C mineralization

Ty b B (7 d) T e ik BAEUE (56 d)
. Accumulated soil C mineralization Accumulated soil C mineralization
3R Source in the duration 7-day in the duration 56-day

r P F P
BEHA Grassland types (G) 606.01 <0.0001 185.05 <0.0001
YR Temperature (T) 35.12 <0.0001 97.32 <0.0001
7K 4% Moisture (M) 340.28 <0.0001 38.73 <0.0001
GxM 77.66 <0.0001 177.81 <0.0001
GxT 9.32 <0.0001 3.61 <0.0001
TxM 11.98 <0.0001 37.83 <0.0001
GxTxM 15.99 <0.0001 63.39 <0.0001

B2 7 d, K% FENR ML Q  FSE AN K, 70% ,100% , 130% SSM [ Q{4351 1.46,1.39,1.45, Tij%

A~ 56 d JiFRIE] JRHAY Qo B 7K 73 34 i B B I (P < 0.05) o X R, Tie &R 7 d B 2R

56 d,Q, I 7K 5 T i i 2 v (B 2) o BN, 355 7 d 1Y QB kiR 70% SSM(1.210) <100% SSM
(1.759) <130% SSM(2.800) ; 135 56 d 4 Q, B+ 3 &K BT e T,

61 6 ¢

¥3:7d i356d c

m—7 3
- i

I b
€ b
d
27 a ab a ' ac 2r a a
H_I |
0 0 H_I
70 100 130 70 100 130

3£k 43 Incubation water/ %

ARt
Temperature sensitivity (Q1o)

B2 ko3 tEmE LR ESRIERFN
Fig.2 The effect of moisture on the temperature sensitivity of soil C mineralization
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3 itig
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Fig.3 Dynamics of the temperature sensitivity of soil C mineralization
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