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The changes of soil organic carbon and carbon management index in alpine steppe

CAI Xiaobu* ,YU Baozheng, PENG Yuelin, LIU Heman
Agricultural and Animal Husbandry College, Tibet University, Linzhi 860000, China

Abstract; The alpine steppe plays a vital role in the stability of alpine ecosystem. To understand the variation of soil organic
carbon (SOC) and active soil organic carbon (ASOC) in alpine steppe, and the influence of grassland degradation on soil
carbon pool, We initially investigated the SOC and ASOC in the surface soil (0—10 ¢m) and subsurface soil (0—20 c¢m)
in normal steppe, light degraded steppe, severely degraded steppe in The Northern Tibet Plateau. The results showed that
(1) The SOC and ASOC all declined with different degree in each layer soil in mildly degraded steppe and severely
degraded steppe. The decline of SOC in surface soil were much higher than that in subsurface soil in these degraded steppe,
and the decline of SOC in each layer soil decreased with the steppe degradation.. But the decline of ASOC in surface soil
was much lower than subsurface soil, and which in severely degraded steppe was much higher than that in mildly degraded
steppe. (2) The distribution ratio of ASOC in surface soil in normal steppe, mildly degraded steppe and severely degraded
steppe were 16.8% , 21.3% and 16.6%, respectively, and which in the subsurface were 21.8%, 18.1 and 16.0%,
respectively. Besides that, the variation tendencies of soil carbon pool activities were consistent with the distribution ratio of
ASOC. So that, the SOC in the surface soil in the mildly degraded steppe is unstable. (3) The soil carbon management
index (CMI) in the surface soil and subsurface soil all significantly declined in degraded steppe, the decline of CMI in
surface soil much lower than subsurface soil. The CMI in each layer soil of mildly degraded steppe were much higher

compared to severely degraded steppe. (4) The negative correlation was observed between SOC and ASOC in each layer
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soils in normal steppe, mildly degrade steppe and severely degraded steppe in alpine grassland. This result suggests that the

effects of soil microorganism on SOC, ASOC might be different.

Key Words: alpine steppe;soil organic carbonjactive soil organic carbon;Carbon management index ; North Tibet Plateau
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T MOk T, O BRI, ASOC 2% MR8 A8 AL U 5 Bl il A= W A A AR 9 BB R B L
B4 A3 KT 48 s - HERR PR AR Ak ELAT F B ST AR A s 2 A B B ( CMIT) RERSAR U A
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A o S A b Ah % Ly B b A g G T 2L ) e D P R DX R D TP ¥R 4500—5000 m,
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30—90 d, FEHBZEAY DL FE RO 3 R R WL e TE R A, A7 R RTE R SR Z R ) v SR R (e
IR 4 ) BT & A i A2 L, 3B B A W 5 A 2E AR TG, iR i FR LR Y 2 AR
FE YRGB T B B H ET  ARAG b T /b AR R, R Y AR A PR R
AR AR TR0 RS XT A ) A AR 2R AR Wi e i ™ i PR Ao D D 58 A A R B AR R (A
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(AHBE 55 E 45%—65% , 2P AR 3 BE IR AL FE b (A B 75 5 > 20%—45% , )2 VAR I i) ™ diR 4k
FH (AL R <20% , K ZUMLETTE ) 45 3 ASREEIX, HAER RS R A > 10 hm® ;B —REEX P, HIHE
ML 3 A SREELIX, FFAE A SRR X P 43 B 3 AN SRAE A, 5 WIBR b R M BR 5 , T 1A RAE S350 3% 0—
10 em ,10—20 cm + 2R HHEREN TR REERUX B 3 A2 ERRLLAL | MRS TR (29 2.5 ke) . &3
TR A FESBCH 54 A (Rl IRAEZHL 0—10 em . 10—20 em 2RSS EII R 9 4)
1.3 iS5tk
1.3.1 i 50
THEA PR (SOC)  RATHE SR A -k,
T IEWEPER HLER (ASOC) R 333 mmol/L Eh FRAN A AL
E1EPEA HLEK ( Non- Active soil organic carbon, N-ASOC) AP -TE A LR
1.3.2 iMHE55IT
P 3 ANE A0 S (R A 2 R s R e LA B X R A ERE N B (BT 5, AR G4 25 5 3 Mk il 56
53 3R H] Excel 2003 #1 DPS Ela b PR S8 (A5 :11.50)
A LK LR T = ASOC i (g/kg) / SOC ¥ (g/kg) x 100
B 1% ) ( Carbon activity, CA )= ASOC & & (g/kg) /N-ASOC & (g/kg)
Tk E 1% #5685 ( Carbon activity index, CAI) ) =CA/Z% + 3 CA(VIIEH B HIME WS % +1E)
B ZEFE K ( Carbon pool index, CP1) ¥ =#EAR SOC 4 (g/kg)/ 7% 13 SOC & (g/kg)
TR RS FRFE 0 (CMI) ) = CAIXCPIX 100
2 HRGR
2.1 AFEPRAEFEFERR SOC ASOC 7 & HAR

% €
BT AR (010 em)  EFZ (1020 cm) 2 10 & a aoioem BiTEOen
SOC 7 BLARE IE 6 Boll> PR L B> BRI B2 8] B :
Moo SIEWRMML, B SRR R R SOCH  S2 4]
R4 B3 34.5% 22.4% , W 243 31K 25.0% | %g : 5 |
17. 8% ; % B IR AL b e J2 W %2 B (v 1 2 1 3¢ SOC Z EREH WAL R
WAL 3.23.2.37 g/kg, ™ H AR Ak 5 ML) 43 5] N HEMPRAS State of steppe
2.10.1.69 g/kg (Kl 1), AL, iBfEHHE SOC 2k 2= LA 1 SESELEEYBSE
%%%Elaij( , ’fﬂ# ﬂ%%%}% H Fﬁﬁﬂﬁi&’pﬁ j][] IEN0EN IZ% E‘Ji’é Fig.1 Contents of soil organic carbon in alpine steppe
oM SOC HEM TR ERE , RFRPRA L H SOC & AT e JE2 AR )57 7% 2 57 W e 5%

e Bl 2 R I AN R AR R

ANFEPRASF L ASOC & & ST H 340 5 SOC AR, mERFERZE WRIZ ASOC FEH R IEH
b > AR Ak e b > 7 R A M, 3R I R R AR A n R TR R A R BT ASOC X B % AR Ak 11 %
PE, Horb IRAEF T R Z ASOC R AR R ™ IR L FLH 3R JZ ASOC i 2k #2431 7l°h 16.6% .22.9% ,
R JEM 533K 37.7% . 39.6% ; 72 B2 IR AL B 2 3R )2 H 8  +  ASOC i 2K 54301l 4 0.26,0.78
g/kg, P HIRALF I 53 15K 0.36 .0.82 g/kg (] 2) AL, i ™ H iR AL b 7 3R )2 ASOC $id 2% 2 #4 W] fid
KFRZ, X5 S0C AR, hE 1 K2 vJLIEH, IR ASOC B R IRAE SR 1B & & F SoC, IR
BRI AE AL ASOC HIFZMRAR N 4K,

PRI, MR IR FE SR ER SR SOC \ASOC & A B G R A, IEH w52 iR b il 7™ H AR AL 7 6 2
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ASOC & i H4BE SOC & f p Mg i 2R B — @ R BE R T R, WRJZ AR I AR R H (£ 1) .

®1 BEERIEGIR(x) SLEFEENR()HWEXYE

Table 1 The relationship between Soil organic carbon(x) and Active soil organic carbon(y) in alpine steppe

+JZ=/em IEH R L SR AR ) LR AL

Soil layer Normal steppe Light degraded steppe Severely degraded steppe

0—10 cm y=-5.107x + 27.991 y=-1.227x + 7.735 y=-1.865v + 10.818
r=-0.405 r=-0.205 r=-0.496"

10—20 cm y=-14.310x + 75.984 y=-2.130x + 12.533 y=-1.975x + 11.309
r=-0.663** r=-0.322 r=-0.486"

2.2 ARPREEFERT ASOC &

ASOC HER AT DS -3 S PR B 5 3 AT 0 SOC i hE (R B E 10 | i S R A B vh A2 iRk
EEE)ZE ASOC HR I3 3 TR 3 S ™ BB Ak 5 | W 28 J2 U] 52 0 B b > 5 AR A b > P B R AL 5
(FE3), AT, B RAL Y SOC MIAREETE E BRI AAERZE LI, [F—B A F )20, IF % H %2
ASOC PRI AR, )23 22 S U 4 s TR AL Rt R AL R b N 5 TE B R AN [R] | 3R )2 ASOC R 1 T
FZ(CREEBALE I AR ) ,ASOC HRAY 2 22 T URIH B 456708

M FERLEIE T, ASOC & it (ASOC LRI B B B 2 AR F 3R 2 ASOC & | ASOC b
FIPRFRREE RS TR ZE H ASOC Fii) 1+ 222U RALT ASOC H#M )2 25 7 IEH FHLER 2 ASOC
i ASOC R BAR T R)Z (H ASOC &1 1222 F ik M HiR L i3 2 ASOC 7 i ASOC
AR 253 i R B /g Hg iR (& 2,18 3) .

3 0—10cm Kl 0—10cm O 10—20cm

010—20cm

[N} w
S (=}
T 1

b b

— —
[} oo
T T

TR A PR L/ %

Active soil organic carbon ratio

(=] [e)}
T

1

BRI
FEHRAS State of steppe

EHEEHA LR/ (2/ke)
Active soil organic carbon contents

REBMRER  EBRH
FHIIRAS State of steppe
B2 SEERIEEFHAIHRIE

Fig. 2  Contents of active soil organic carbon ( ASOC) in

B3 SEERLEFEAVRILE
Fig.3 ASOC ratio in alpine steppe
AR A 2 R g R 22 5 3B Mk ik 5%

alpine steppe
ARTF] L2 AN ) 7 B 3R 7R 2 5 PR 5%

MIBILEHL ASOC ik B F , R = EIB L E HL 0—20 cm +JZ ASOC & & 205 T & 28.6% .32.4%,
ASOC H 2R A4 728 g U B (8 84 AN 0 30088 8 2.19% 1 15.5% , A WL, ANRPIR S 0—20 em 12 ASOC & i+
B 22 58 KT ASOC HERA 2R,

2.3 AN[RPRAS o FE R A S R I 5 i R A AR AL

CEA WG E AR T A AU 3l A AR AL A B R A BRFE AL (CMI) BT B ( CA) 1T LA S AN [] 4 498 sk J22 A
ey 225 RAESIKERE N2 ) BWFER R R, CA I HAME R 5 ASOC HR—SRY4FE (£ 2,8 3) .
AN IR b 3R 2 R R FE B (CPL) BB A T 3R )2 R AR b R 3R 2 W3R 2 CP1 B B AL F /™ &
IRAb b AR IR AL R b SOC 5 5 1E Y R 25 SRR Bk IZE T BEFE B0 (CAT) WIAH Jz , 8 B iR b
4% )2 CAL ¥y T HiR A miith ) HRJE CALBIE B FE s 2 0] W4 & R R IR LB Be R 2 T 4k
AR thesm kL (F2), niL,BIL5H CAT 5 CPT AR (L LA SE &R TH], B CPT /N, ] CAT
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MR AR AL, IR AR SOC 35 15 TE 7 i 22 S, IR A6 2K AR

CMI S - 878 P ft sl PR 22 b 5 e SOC ARy b, N Z3 5 T - MM P 15 M B J26 15 52, mT L ik
SOC \ASOC HYECARAL , Sz e Hh PREE NS 1 e it T el T A2 AR B 3R 2 T LU IR AL R s )=
CMI #4952 .35 T g, L™ H iR fb B th P R 249 w8 T2 BB AL o b, R TR AR AL R SOC & 8 A B (HH
e m 2 B T R AR B A T E R A M, R R e T R R AL R AR A SOC R DL R A
PUER MR B FE R AN B, MWIBLEEIERIZ CMI B R TIER)ZF , BB fhid B2 p 3R )2 CMI B T B
P BT IR)Z,

K2 BEERIERETESHEETEREY

Table 2 Soil organic carbon activity and carbon management index in alpine steppe

RS B em ﬁ?JéJié?ﬁJ_}%:‘_ e PRFE AL ﬁ?)éJi?ﬁJEfE?ﬁz Tk R AR 4
State of steppe Soil layer Carbon activity .Carhon pool C.arbon activity Car.hon management
(CA) index (CPI) index( CAI) index (CMI)

IE# B4 Normal steppe 0—10 0.201b la 1b 100a
10—20 0.279a la la 100a

R PFIR LRI ML Light degraded steppe 0—10 0.271a 0.655h 1.348a 88.29b
10—20 0.221b 0.750b 0.792b 59.40b

FEE IR AL Severely degraded steppe 0—10 0.200b 0.776b 0.995b 77.21b
10—20 0.191b 0.822a 0.685b 56.31b

() F AR TR] SR AN ] B 30 22 5\ Mk 5%

3 iTig

ol 75 R e B e FE AR TR 2 98 A B, 52 v SRR TR IR0 B iR S ), SOC B 2 247 il o s AR Ak i el 1o .
RET A AR L B i SR R R I AR AR A R TRPRAS (IR R A ) R R R
HUBS 5 H A SRR R B A R B A7 b — S T R R I S O AT AR SR A0 S5 R R R £ AR L R
R SOC b 2 I R NS TR E R KOS 0—10 om L2 HUE YA YRR S 4 i
BRI R T 10—20 em /270 FREVEIL ZRILHX B ASOC & HE ASOC HL 3R ¥ 4 J2 hin i i i s, H.
ASOC # b+ 2 IR e i f i A K 7 R gE RIREE T RRPRAS R EZ SOC F M T #
2, ASOC JRFIEA TR I AH R AR 3 (U2 B IR AL R Hb R 2 5 ) 5 R A, R IR A R 45 £+ )2 SOC ASOC Y2
R ENTE] 2 A R | B AR AR T R B AR BT R, SOC B LLR 2 R ok, B IR
R4S 12 SOC FEREK ; ASOC W LI 2% J2 B i fi A, 1 4% - J2 88 i I e b AR Ak far i 2 175 (5 iR
A P b L VAR I | I A M B R T S 2 ASOC B Ak i e RS g ) o AT L, i T L+
AT N A A R R AT LR PR G 3850 = 3 G W A B e P R e R 2 5, %o e S ) I HE 2 A
B T T 25 S AR 9T I AN

— AN, AUk XU R S i e R Y e TR R R £ R )R SoC SRR T REM EE
A, HE, N b E B R HEA 2 SOC S EYH B E TRERMEME , RS X KR
YEHIICR B SCIE , T AT fig 2 20 T B MR Al B b 8 R 4 PR B 0 A8 A X A= ) i B 85 4 RN T35 1 AR AN (] 5
Ml O A WF5E 2R B, BOAE A7 7E — 8 (K b RV, B0AE 9 08 2o i 0 AR VR FEATS 2 3 81 SOC #0026 Y e 2 22
wE

ASOC SZ W) YRR Z S, EZRIET SOC M43 , LA SAR 32551089 S0 R 5 i 45, 5 A
b et BB g ERE  SOC  ASOC i [A] S IEAH 5101 st s FE IR A e ST &
B,S0C 5 ASOC #5435 W 3% IR AR G FNIE AR 2[RI R, iy T A= 4 76 1k ™ s 32 B, TR TR R
ASOC HERALA HIHE 3% —17% 1% —12% 2 (0], 3 B AR AR X 3 i i #4188, SOC 5 ASOC &%
HEIRE R W IEAE ) AL X B o b, eI EIEEREEERE R HERUE X SOC  ASOC Hy H A
XoF— SRR A X T g5 AR LR ASOC 1 FIRT, N-ASOC JRE$E A 6, MR  RREPRA
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A £ )7 SOC (ASOC [H] U 14y S AN [R) P B A B R DG 3k AT B 5 1 JR 98 LR BME XS SOC \ASOC %5 VI AH I AE )
FIARFEFEIA 5, EFERE T | A DR ARG LA 1 35 Wi HEARAIG, SOC AYTE L5 R B 218 (H—
FUIE BRI RRE 5 10T 5 A 1) R IEIRBE WIAAA R T 2 Rk IE SAOC TR B, 7R A R T8 1 43 i, IF7E B
& L 4ER5 3 H R = ) ASOC L3 (R Z R )Z 2 TE 16.6%—21.3% . 16.0%—21.8% Z[1]) , iR fb 5 Hh
SOC \ASOC. [i] () 87 AH G W] R 15 1A SR A A ik T 5 3409 SOC HINEs oA ¢

IEH R FE R R A ML | S LR ARG ML IRAEAS e AU SR P o0 v SR € | 2 85 K 7 5 0E £k
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