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Abstract The authors conducted experiments to simulate warming and alter precipitation since 2011, and
investigated soil physical properties (soil particle size and pH) and carbon pools (soil total carbon (STC), soil
organic carbon (SOC), soil extractable organic carbon (EOC) and microbial biomass carbon (MBC)) in July 2013.
The results showed that warming significantly increased soil temperature and decreased soil moisture at the depths
of 0-20 cm, and altered precipitation affected soil moisture at 0-20 cm depth, but had no influence on soil
temperature. At the depth of 0—10 cm, warming significantly increased SMBC; increased precipitation significantly
reduced EOC content and elevated MBC content; decreased precipitation significantly decreased soil sandy
proportion, MBC content and increased soil clay proportion and EOC content. At the depth of 10—-20 cm, increased
precipitation led a reduction on EOC content. The interactions of warming and altered precipitation on soil indexes
were not detected. The pattern of soil properties was changed mainly by altered precipitation, not warming,
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according to the results of PCA. The results suggest that given precipitation will be continuously increased in the

future, increased precipitation may lead a reduction in soil clay proportion and EOC content in the topsoil, and

subsequently affect plant primary production and micrbial communities in this region.

Key words soil particle size; soil pH; soil total carbon; soil organic carbon; soil extractable organic carbon; soil

microbial biomass carbon

MR S AR M A K RN AR R LR B AR
&, M TFARS R EEREMAG, T
IR . Fsast . B HARIREE T, TR R 4
WA WY Ak & e, RIS AE ML &
DA K AT 4 A AR & R s i U B Ak
SRS AR AR, T 9 R 4 A P Y AR
RO R A RIS, 1960 4F LIk, 7 R
SIRVAEE 10 4F 0.2~03°CHY L LT, e T2k
S H7 R R B (B 10 4F 0.05~0.08°C) Y [EIKAK SR
WAE R AR, FfK R TE 44 75 2 b B b S 3 v e
B, (HRTE KA B IR AIKS). Chen 250815 H,
IPCC #5270 FUI0 45 S dnb 735 75 988 re Lo AN W7 4 82 0 11
fbo RS T i SR A Akt i o
AR B R | A R VA M
AR O A KR, (E X 7 R A
g i o )3 S A A A AT IR AT A

AT, PN 5 T G 7o 5t S QT o 7 2 % 78
TRRBIFSY £ B3 TR BOE, an+ ety )
BRSNS B pHIP A ST
il SRS DL A AR A% A B P B R e 1) A0 5+ 3 ik
Z o WATRFITIA A, B TT AR & R i SE M X
B DURR ANl BEUA MLAR &, — 5T, B4R
PR A Y A Yy B IR PR RG SR, SR R
5 S BOA BLER & B AT R IBOA MURKR 5 R R,
Jy—J5 T, BRI R, AR R £
Sy, A R PR R AR AL, i P R R R 4
Tl A A AT A AR P 5 0F TR A& 5 (open
top chambers, OTC)HIFLLHMNE G 45 18R S I0AH L,
A AN T AR 5 75 0 e oA K 2B A Xt - S
SRR D . MDA, MoK AR R
FEW X+ HEA HUR & 50 R K. Yang UG
FEMFR, +HEA PR &8 5K Z MR &
IEAISEIEFR . P, A 3 TR R4 K el 28 X6 35 8 5
Ji IR S, TR EIR R A4+ .

Tl SR ) 2 T R e A B A S, g
i) G e A T M X T A R R > —
PRI, AR S BT G v D e 9 ) A R RS 42,

766

3o B SR SC B 0 7, LR K B2 Rt
LSRR BALS O, T E 2 A R
P T 1 5 B 9 B B R B P s
et

1 HRAE
1.1 WM SR

SIS L = FE A AR S R G E S AR
DU RAF 5 3k (T PR ¥ G 3 )BT o T b 3l 7 T 75 78 5
AR AL R Y AR 3% 11 43 H1 (101°19'E, 37°36'N, fE4k
3215 m), %X @ T3 ) e JFOK Rl S, B B2
AR RS AR I, 4 252 VA1 R I 9 i 5 i 0
1983—2013 4, b4 F¥ARA 1.1C, 47
BIRe Ko 485 mm, I H B FEVRAEIE L ()
€ ¥ fi) £ )(China Soil Taxonomy) . 7E£ 0~10 Fl
10~20 cm + )7, A ML & &5 53 %4 63 F1 36
g/kg, 75T 73 9 0.82 F10.98 g/em®, pH 43 5N
7.84 i1 7.958B%

7 X R MR i FE LA A AR R G, A
F2 B T e D LR ) M PEAE B —— DL S ER A
LT ) e T VRN ) R L R AL A R )
o 28 i g U B SRR Kobresia humilis,
Festuca ovina, Elymus nutans, Poa pratensis, Carex
scabrirostris, Scripus distigmaticus Fl1 Gentiana stra-
minea", 7E 1983—20124F, 4EF-HHh A4 Yy h
368.7+45.6 g/(m* -a),
1.2 SEigit

S0 SR FH UL DR 2% (M T 688 7K AR ) B ATL X2 1%
o IR A K XF B (Control, C)FIIE IR
(Heated, H). FFAKMARERITA 3 A/KF: JhK 50%
(Dry, D), XfHB(C), /K 50% (Wet, W), 3£ 6 4t
B XFHR(C). WK (D). HK (W), HEEH) . BIR
I8 7K (HD) F1 3 iR 38 K (HW) . FEHAEE 6 MEAE,
BEMLEEEL 4 DTS00 . B/ NX KR/ R 2.2 m x
1.8 m, WA 4m X, KX M 2011 4F 7 AFF
GOk LA IR R GG . B R PSS 4K
R R AL AN (220 V, K 1 m, & 2.2 m),
ST AN A B b T R RS 1.5 mo K AR SR



Wit T4

T PR I fe SR ) M R O ok 2L 4 o 3 R AR K BB Y

VI 175 B 3R B TR e RS I8 AR ok SIE 3 3 Ao
BAEVR K X R EE 50% F R K AN T RS SIIK X, R
FRE AR Bk N, T AT /N DX R e 3 21 A i 1
B B (A BG4 ) R R AR (7 sk T M AL
1.3 MRFE
131 TEREEHENBIHNE

S X K ] EM-50 [ #% (Decagon devices, 3¢
D) W 392 5, 10 F1 20 em (TR FIK 438008 . 3%
B E N 2011 4R TF 46 B 43 0 2 1 A — R, &
ANEFIE A
1.3.2 TEREF pH BTE

2013 4F 7 H 29 H, FEMEIbuhZ56 W 373 iR
K6, BEPLEE 4 A H 2 Y e R HERE S . &
DN HEAEN 5 om WY EAE R 485, FYLECE 3
B, 4 MWEZ: 0~10 cm A1 10~20 cm), £:2 HIRA
WAy, B L AR B S A CUKAE IR TE . 7E
S, IR 2 mm 0, ERAR. a0
A28 A0 2 2R P ASUR AL BE 43 74X (MLastersizer 2000, 3¢
), W 0.2 git 2 mm FAYEE L+, A 3 mL ki
FREAAN 50 mL Z&I8K, &b, FIBURRLRE S 4 3dk
TR .

+3E pH B9 & % pH it (FiveEasy FE20, Fi
+). BUS5gad 2mm M fE+, KL 15 &
CO, ZE IR, FI pH 5 300 5 o
1.3.3 TiESW. G, TRIENHRUEME

MEMERPNUE

38 4 5 %) I 5E SR A T 2K 43 BT A (Perkin
Elmer instruments series 11, 3% &), 34 LAk K
FE SR A AR B ALY 0.5 g af 20 H i YR
T, WA AR AN FE S IR AR Ak, AR
P IV K 2 o o VA VR o

- AT A AL RO AR A B ) T SR
MR -EZER PP B 2 745 10 g i 2 mm

% 1 /N6, A 20 mLOK £ 1:5) 0.5 mol/L K,SO,
B, YR PIECR FH U 80 23 A A0 2 458 b AT B2 i
AR AR & 5. ] PR IBCR DA R BT E ok AN
SEZR WO E Wk BTS2, RUE A Y Rk
T 3 5 2 RN B A R o ) R B 22 (R A 3
14 Fit54HE

XFHER . K AR DL K £ 2 R X A 4 B
o R AL 3 s ), R FH 24 D88 43 A A1 HSD A
Yok 22 IR T DT AT A0 M o X AN R BE 1Y -

2, SR R K AR X S A B AN 2H 03 1Y 5
Wi, SR TR 207 2243 # Hl HSD K 30 7k 2 1 LR
SR EEAT AR o N b SR B RNk 2H 43 b
P [H] 22 5 R H] HSD #5612 22 8 W B oM 7 vk i 4T
I3AT o TEXG IR K SR 2R E T, R - S0 4
P SARAE R84k, R E 30T PCA)Y I ik#E1 T
O3HT . BT AT B A FERERIAE A Rv. 3,11 BAFR
Core Term, 2015),

2 HRE55H
21 TEBREMEEXGEMEKKTH
i) Kz
£ 2011—2013 AE A K [ (5—9 A), i
o B e T ) S U R b AR K B R 7.14°C,
EHIEK BN 377.9 mm., M 1 AT LA H, MR
BEEIN S cm (P<0.001)F1 10 cm (P<0.001)+ )2+
R . SRR IX AL, B X Sem Al 10 cm
1 )2 O R B S A 1.64°CH 1.68°C. H
&, R KRR Ko FL 5 4 I Y 22 BLVE DR A 1 T R
A, B (P<0.001) IR K B2 (P<0.001) LA
K AE H AR (P=0.02) it 3 52 ) - 38 & oK 7. 7E
2011—2013 4FA R =M R], HE IR AR 53 5 R 1
ES KA 2.1 % 7.7 %; B OK M0+ S oK &
4.9%. £ 6 ML, HEHREK/NX (HD) A + 385
IKARAR, HAEK/INX (W)Y 59855 K i die i
2.2 EBFPEKETI TERNZE, pH UK
TIERASBI M
KGR M, EIE 1 PRI, T
VA e 1) BRI W A Yy itk o i A
(52 (P=0.05); 2) BE7K iR XF 4 810k (P=0.01)
FRL(P=0.01). W] $2HUA HLIK (P<0.001) LA K i A= 4
AR (P<0.001) A7 S8 2 15200 3) 3 I AR 7K el
B A BAE AR SZ e 3k f . pH DA K 34
43, TR I 18 TR 7 A7 S RN A B B4 52 i T
DI A [F] A 52 e PR 0 i) e 4) X ZH 9 (Block)
+ 2 Z 6] A + HERL 42 (P<0.001) . pH (P=0.02) A &
IR 53 (P<0.001) A 257
221 WENAELELERZ. pH AR L EHK
H5 BRI
FE 0~10 cm HIEPREE, 808 WUH K 7 22 0 Hr s
B, BRI A W A W ik (P=0.02)
(£ 2) SAMERM/NXA, HEX - 5EMEY
YRR T 12.6%, N 573 mg/kg (K 2). £

767



b R M (AR M) £ 538 F£4W 20074F7 A
20 { (@) Sem 20 4 (b) 10 cm
15 a ab 15 1
£ d d od £ a ab . ab
c
% 10 % 10 - <
iy iy
H 51 H 51
0
WK Xt H K WK pugic] K
40 1 (c) Scm 40 (d) 10 cm
a gp a
§ 301 b § 301 ab
i d ¢ N be b b
B 20 B 20 1 c
B B
H H
10 1 10 -
0
WK pupii K WK Pui #K
C OIxeE CCOMR4A

R[5 8 B 3 Ak 3L ) 119 25 S 1 (P<0.05); B PP 3O (E ly S (AR IR 2% T 1]
1 2011—2013 FEKZHEAEIRE LB 158 E &k & 3388 0 B 7k 025 B4 I 52

Fig. 1 Soil temperature and soil moisture at depths of 5 and 10 cm under warming and altered precipitation
regimes during the growing seasons from 2011 to 2013
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P 2 2.90 0.07 561 0.017 588 0017 136 027 0.89 0.42 0.27 0.77  29.86 0.00” 8.97 0.00”
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Table 2 Summary of two-way analysis of variance (ANOVA) of the effects of warming (W),
altered precipitation (P) and their interactions on soil properties
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