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Changes of organic carbon and its labile fractions in topsoil with altitude in

subalpine-alpine area of southwestern China

QIN Jihong', WANG Qin®, SUN Hui* "
1 Department of Environmental Engineering, College of Urban and Rural Construction, Chengdu University; Chengdu 610106, China
2 Department of Environmental Science and Engineering , Sichuan University, Chengdu 610065, China

Abstract: The alpine-subalpine area of the eastern Tibetan Plateau, as typical high-altitude low-temperature ecosystem, is
one of the most important soil carbon pools in China. The soil there has high content of organic carbon due to abundant
biomass of the alpine forest and shrub land distributed in the area, and is considered to be more sensitive to soil warming
than that in the tropic or subtropical area. The spatial distribution pattern of soil carbon and its labile fractions with altitude
could reflect the combined effects of altitudinal biological and environmental factors, particularly the temperature, on soil
carbon dynamics. In this study, total organic carbon and its labile fractions including particulate organic carbon, microbial
biomass carbon, light fraction of organic carbon, easily oxidized organic carbon, and water soluble organic carbon in topsoil
(0—20 cm) were determined with an aim to understand changes of their characteristics with elvational gradients. The
investigated altitude range was from 3200 to 4120 m that was covered by subalpine coniferous forest at 3200, 3340, 3540,
3670 and 3740 m, timberline at 3850 m, alpine tree line at 3940 m, and alpine meadows at 4120 m. The results showed

that content of total organic carbon in topsoil increased significantly with altitude in the studied range, indicating that high
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altitude and low temperature are conducive to carbon sequestration in soil. Content of particulate organic carbon content and
its ratio to total organic carbon showed significantly positive correlations with altitude, with its concentration reaching up to
50.81 g/kg and and accounting for 56.52% of total organic carbon, as measured at the highest elevation of 4120 m.
Therefore, particulate organic carbon had become the major component of total organic carbon with its ratio gradually
increased with altitude. On the other hand, microbial biomass carbon, water-soluble carbon, light fraction of organic
carbon, as the group of less affected labile fractions, did not change significantly within the studied altitude range, while
the fraction of easily-oxidized organic carbon tended to increase with altitude. To sum up, concentrations of particulate and
easily-oxidized organic carbon fractions in topsoil could be used as indicators of labile organic carbon dynamics and balance
in subalpine-alpine area at different altitudes. Moreover, soil warming may exacerbate the mineralization of particulate
organic carbon, resulting in the decrease of the proportion of total organic carbon in soil. The elevational gradient study
offered useful insights into the dynamics of high-altitude soil carbon and the differentiation of its labile fractions. It is

indicated that soil carbon pool at high altitude could become a new carbon source under future warming scenarios.

Key Words: subalpine-alpine soil; soil organic carbon; soil labile organic carbon; particulate organic carbon; altitudinal

gradient; soil warming
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O S A TATRFER) o R YTE RAE W T ATELFE W & LB AR MRGh 2 W TR LR R L B S AN BB GBI B A
B FR AR S HAR 0 2 TG S T AR VR 3200 m (O 135 LT I AR) L3340 m (O 135 L& AR) (3540 m (I &5 L& AK) (3670 m
(M5 L EFIERR) (3740 m (A5 LT IHRK) (3850m (e LIARER ) (3940 m (&5 LIREL) (4120 m (i LLiFE A3t ) AR WA Sl i -
HEIATRAE , REERFAA 2012 4F 7 A4y SRAERT J4sith ARG AT A Y8 55 )2 , R 4E 0—20 em A7 [T 1358, 1 384 O FH vkl
M5280%E . 3 2 mm 5,4 CARAFEE ST RN,

®1 MRREAREESEHNTERERR(2010-07—2012-06)

Table 1 Soil temperature regime at different altitude of the study area

K /m AR/ C 5 em HHAF AR/ C 5 em LHEHIE/C 5 em BEEA B <O CHB
Altitud Annual average Minimum soil Annual soil average Month average
e temperature temperature at 5 ¢cm temperature at 5 ¢cm temperature < 0 C

3200 8.1 -5.0 7.9 2H—1H

3450 5.5 -5.0 5.6 12H—2H

3670 4.3 -4.3 4.3 12H—3H

3850 4.0 -4.5 3.9 12A—-3H

4120 3.7 -5.0 3.4 11 H—3H

1.3 4rHrrnik

WUk 258k (POC) ) 2K ] Cambardella & Elliott By J7 k) g s IKEEYE A LB (DOC) ) K FH Jones J7 k] g e s B2 41 oy ik
(LFOC) ) R Janzen ZEHY 2 B0 1.7 g/cm’® [ Nal IR 0052 7 5 5 B AL HLEK (EOC) 2R Blair (1) KMnO,( 333 mmol/L)

Vax I
2 IWERSHH

ARYCRAEIIHT T V8 R 5 Ll - L1 HER R (0—20 em #7482 ) HOA HLIR G B RS A ML AL 5 8 (1) SR R
RN 7 (RS ) X AN R B Ak A LR 2 23 B SE MR AT 2253 00 o DATET 1l LA A AL A A Y VA o B A ) — AR i D rh g
ATt BB AE /K (EURTEARGE LA A 1A B i b SR U 5 5 BT A LB 2 20 o KV VA LB R AR 20 20 AT BIL
R I R EE F R EL AT W AR Ak, UL A AT LA A1 5 S8 AT LRI 35 B W TR ST S I A B S 0 TR W B BRI R A T AT
UIRTA DR f sk
2.2 RIETIAPURA > 2 6] K5 iR 5 3R

I BB ST TELL > Z ARG WL AR 2, A LB JIORLZSAT HLBK LA K B S8 A BILBK 5 T4k 52 35 TE AR OG , R UITE
o L LR B2 b, 3R B HLRK | ORL S A LA A1 5 S8 AT LR P 52 B 4 DR 2R B0 S 355 0, %) e LD -3 g 1 = 0
AHUBRA T 5, OB A HLIR AN 2 B ACA HLBR -5 A HURRA 38 IE ARG, s 3 B BILRR 35 0 52 38 A2 IR .35 T i 24
Wbt iie KA DL LA SR 2H S0 AT DU 32 13 i B FR S AR B i /A o TS AT ML AL =2 ) B O Bk, AT R 25
AR5 5 SE AT LA Z TIAR Ak 2 31 1 A Ak 37K, S s A i L -3 1 AT LB ZH 50 o, UKL AT HLe 5 5 B AL AT BBk
VERTEPEA LB B TR AR , — 3 Al A R AU i A

®2 THU-FLERELEGUR SEMER KB ER FNSHRURSEURERIESEZ BRIHEXE
Table 2 Correlation between altitude, total organic C, microbial biomass C, dissolved organic C, particulate organic C, light fraction organic

C and easily oxidation organic C of subalpine-alpine topsoil

. A LR (DG TR B UKL A ik b E ALk
521 : o ) . L
Altitude Total organic C Microbial Dissolved Particulate Easily oxidation
(TOC) biomass C (MBC) organic C (DOC) organic C (POC)  organic C (EOC)
L3 ML TOC 0.510"
Ty ik MBC 0.112 0.204
KRR DOC 0.074 -0.180 0.343
RSB POC 0.487" 0.834"" 0.049 -0.180
2 EALhk EOC 0.481" 0.867 " -0.043 -0.329 0.873""
B4 7k LFOC 0.078 0.278 -0.501 " -0.542" 0.412 0.481"

Pearson FHICMHT , SUNAG 46 , A RBUG AT + 0 BRI (P<0.05) BT » = B FHA R (P<0.01)

2.3 TEPEA PR LA
N [ P A o B A R 2 G A LRI T 7 39 AT BILBIR P L 1) DL 3, SR R, BB Wi A BILB (MBC) (7K IA AT BB
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E1 TEU-SUiEEEE ELERE(0—20 cn) BHBREEFEENHRAS SR
Fig.1 Organic C and labile fractions concentration in subalpine-alpine topsoil (0—20 cm) along an elevational gradient

RGN IRIERE , TR R W3R 22 528 8.3 (P<0.05)

(DOC) B2 5 A AU (LFOC) 151% )2 1338 08 HLR (%) LB /N i ELZE 4R 60 B 1 e B 8 i AR fh ka3, o MBC T o5 L1
HET 2% ,DOC FLEIER IR 3430 m R 2. 7% ST 2% , LFOC J45 Ll e ik 3 17.76% A8 2 A B 8 i 14K 43 5 . EOC
PR AR I B AR 4R R0 BTSSR T A B S A A8 Ak a3 POC & A BTG4 5 B (3670m) A, Lb 101 B 25 5 3k T s | 7E i 4K
4120m KB 5 ok 56.52%

®3 TEl-BLIERREEENBES S ZETEENBRESENES

Table 3 Percentage of labile fractions in total organic C of subalpine-alpine topsoil along an elevational gradient

4R/ m TR Wi/ % KGR % BRI/ % Gy BB % B R %

Altitude MBC DOC POC EOC LFOC
3200 0.92(+0.03) 0.17(0.01) 36.41(%2.10) 16.54( +0.62) 5.74(+0.16)
3340 1.67(0.12) 0.08(0.01) 40.08( £1.89) 33.03(%1.13) 11.49(£0.27)
3430 0.72(£0.04) 2.70(£0.18) 50.42( +1.67) 31.75(+1.08) 13.12(£1.02)
3540 0.70( £0.04) 0.06(£0.01) 51.01(+1.52) 32.38(0.92) 9.41(+0.33)
3670 0.58(+0.01) 0.15(20.01) 41.96(£0.93) 32.85(0.57) 17.76( £0.41)
3850 0.95(=0.02) 0.22(0.01) 52.10( £2.23) 34.59(+0.33) 17.70( £0.52)
3940 1.82(£0.09) 0.13(£0.00) 55.46( +1.58) 30.12(£0.61) 7.82(20.13)
4120 1.61(0.12) 1.96(£0.21) 56.52( +2.09) 28.58(+0.28) 9.54(+0.31)

FPER T IE (hrdE %)
3 itig

R LA LG o VR R R e 245 1 (VR L S LB 5 B e T AR R L AR R R 0 v A LA T e A 0
PR i T 0 107 G A A0 TR 0 AR SO 2T )11 G ey S AR AR 30 S22 A WIS 55 ik I 6 TR AR 2 v, 55— S 0
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FEINA A HURRAE TR 6 1 b o3 AT JCRL A7 AR TR] , SEPR b AR S i JE R PR - 9 HILRR 2 Bt 25 Vg4 P o5 T 28 By, i v 1
FH (4120 m) R S BT AR . A S S A L T A LR T TR T AR S A 45 SR RS T X —
R SRR S ALY U LA A R ARTE RS (ERRUR A BLA o5 A5 LR G 2 1) L5 B 25 V4 P o 7 386 o 19 6 34 0 1%
JEREAR A W ARRAE L Eh TR SRR T A HURR AL o0 0o I Ak A i 18 BA P A LR T AL G 2 — B R S
HLBOT HE R (A 5007 W T BE N SR 2 . PR, UK 25 MILAAE i R A g v 5 8, 2 (B0 0 S MR Mo i v Vi 4 by 18R
JE I v B S T IR A URE S A DL T IR SR AL TS 57 N, IS 3 28 L R DB 25 B S 45 R 4R 2 —

T A HLBRAS [R1 20 43 JE 2 Wk P AR ) 98 ol 2 40 e 5 o 12 1 5 A AL JE 2 o ) A 240 1) 102 it 38 11 el 25
RS A AL 5 PR e i T R RIS & L EAEDY X T JE 1 MR Ry, 1 A 6 PR A5 22— B4 SRS A BILAR o A LA B
2 B R, - DURR A VR A TS Pt R PR A7 3] - IR BE 5 AT BT K, XTI B R B R - e e THEAE TR TR
SEVERAR I IR 22— B R | TR A WL - 35 S 2 Bk [ i 255 VR AR AV 07 1 A SO R 8000 0 e R0 - S 1y 3%
PEAT HLBR A A A SCAY 25 B i) BEIE S 1 X — i, DRI, 00 SR s VA b 1) SR A Bk S5 52, DU 5 A LR 4 75
TN 25 5 e AN SEBR I BT AR A, AR 75 X5 A [ DX S8 1) v VA 1T JB B 2 (AT 5, LR S [RI A 53196 P ML Sl % s [ 1)
ERALIEE,

A BRI AL AT 7 FE AR 25 R G BOASONE S LA 2 B9, 10 Harsch % 1900 4F DL 103 4556 T48K 166 AW W 2% 5h 25 60 B
AT S5 BN 529% AW SR B RS, 19 LR G R , 47 % (R FEFa 8 , ZE IR BRI LR A B 8 IS TE T 2 I B K 2%
FOREINES X TR E 8 A SO A HUBRAS 2 4 20t AN TG M MUBSR 4 43— R 1 R 7 AR sh s > T EL
A B TR AR B 2 A 2 4 At Tk v ) AR S IR A LA ) TR B sk B 2 B L B R AN T R
LU B AR 25 BILAR ) 322 5 S B80S, DA S ML R A8 41 -5 1 PR AL 43 2 [ R AL I 2 56 2R, X TS > WA 3%, (R bk, X T+ [
— MRS R FE R RGN T VOB 0 25 5 SR R R R (25 5 (3R 1), Q0 2R R FE 0 RS AT HILAK LY ]2
PR IR 2 R AR A SR TR 4 H BTV 35 SR ML R URE S A HLBR I BLIR | T REJE Aok BRI AL S 80 A i 3k 1
HERIR R TE (S bl R E e S R (2 20 o/ke) R HUBI G IR)Z S DL & 1 50% ) 50k A4 Bk T BE
IR, I B R T A - A3
4 Zig

BT HRIR 3200—4120 m PH RS = LU -0 5 L3RR 8+ 3EER)2 (0—20 om) A3 MLER FNE AT MLBR AL 4 I I T , R 1 14
S AR T IR X ML BN RIS A A R AR B LR S

(1) FFEFRMRERZ 8 ST HLBR B B VAR 09 T = 34, B VR IR PR 50 1 w8 Vg AR ARbR - 0 [ 7 5 1 PR A HLAR 41 4
rp RS BIUR B R 7 R L L B 5 R 2 R TE AR G, B AR Y TR I T ARV AR B R Y 4120 m AR A L
Toie S A EE A 43 3K 3 50.81 g/kg F 56.52% ; A AE W ik KA PR R 4435 WL 5 VB 34 ve B 0 B b O AL Gk, e A i s
TV DL 53 32184k B R R K,

(2) ORI WL 18 1 5 A Bk A 5 T3 5 1 3 T AR G | [ B U 258 ALK S 5 SR A A DL & 2 i S AR G, 3%
WIBUR A ALK 5 55 A A0 DL Z R A 3 DI 0GR, R HEE DB AE = 14K 1 T 22 2 DUIURE 25 Bl (5 A0 A Lk ) T A2 7E
DUBUREZS A8 HILER N 22 B3 M AR L] s 7R T ik - BEa MU AN RUE Pt T g . R L, RIS ML (2 e HLaR )
A R A9 T R AT v M A Y - SIEA HLR BT M 0 Sh AR RS2 g R 2R ( H3IEIRL ) SR A R A
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