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1.1 #HREXHER

W 5% X A0 T 7 8 B AR b g BRI K Ik A
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HENEEAH (3 300 ~3 800 m ) . 5 Ll 5 ) 4y
(3800~4000m) . FEFLAFFIKIIN (>4000m) .
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Fig. I Schematic of soil toposequences on the north slope
(the Hulugou watershed ) and the south slope (the Shitougou

watershed ) of the middle Qilian Mountains

F1 BEL SR A E AR A KRE IR FIREER

Table 1 Information of soil sampling along the soil toposequences in the Hulugou watershed ( north slope, N ) and the Shitougou

watershed ( south slope, S) in the middle Qilian Mountains

3 ¥ > 3 = B A1y
if Hfim E?ﬁTm Eiﬁﬁ HOBORR AR R AR
profile (m) Conm) (c) Vegetation Coverage Parent material Soil genetic horizon
N1 3682 524 2.1 LD R 80% L ALY Ah-Bw-2C
N2 3539 506 -1.2 LR T 85% [ Ah-Bw-2C
N3 3304 478 0.1 HEAY L, T 90% B+ Ah-AB-Bw1-Bw2-2C
N4 3264 473 1.4 HF K 95% #+ YR Ah-AB-Bd-Bw-C-2C
N5 3008 442 1.8 (oL NS 95% W+ Ah-Bk-2Ck
S1 3498 476 -1.0 TS 80% i 0o-Bk
S2 3257 449 0.4 B/ BN 50% 1t Ah-Bk1-Bk2-C
S3 3129 434 1.1 WEEE | R 50% [ Ah-AB-Bk1-Bk2-BC-C
S4 3106 431 1.3 M BREFEH 35% # 1t Ah-Bk-C
S5 2980 417 2.0 HHEEHF 50% #t Ah-Bk1-Bk2-Bk3-C

TE: NI, N2, N3, N4, NS BB i sie S ST, 82, S3. S4. SSBHB AT LI IR £ Note: NI, N2, N3, N4 and
N5 stands for 5 soil profiles, separately, for soil sampling in the Hulugou watershed; and S1, S2, S3, S4 and S5 for 5 soil profiles,

separately, for soil sampling in the Shitougou watershed

1.3 BUESiIt o
KR IEA VR EESOC, (kg m™) KIHTHE
/N W
SOC=C.D.E, (1-G,) /100 (1)
WAL mAARPFNE e SR A RAR, B41 m
HIERBWIREESOC, (kg m™) MIHHE AKX N

SOC, = 3.C.D.E,(1~-6,)/100 (2)

Kf, CHEHAENRS = (g kg ) 5 DK
+HERE (gem™) 5 ENEHIZEE (em) 5 Gl
A EEMEBE S (%) o 2 2THLR%
SIC AN m T ARTCHAR 2 BESIC A3 R L (1) Fil
(2) 315, HCW 3T SR (gke™) o
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I m AR EREE (SC) B EARXS:
SC, = S0C,+ SIC, (3)
K HHSPSS 20.048 i+ #E 47 Bcdls 43 A, R
OriginPro 8.5 182~ X4 A .

2 AR 51HE

2.1 TEBNBRAENBRSENITHH

1 35 7 3 g e A 9 A O AR R A BRI B AR
L A5.0 ~127.4 ¢ kg™ (E2) , FHEEN
52.4 g kg™, IR TR R e R v SE ) G HILAR T34
SR (307 gkg) L BN HMERAJZ . BERIC
JEA WL & B4y 79.4 . 54.9F118.1 g kg™',

BE. CEANm T ERGA)ZMILSHTET
31%MT7% . FAIE A Sk V8 bk 43 45 & A 2 A L
W& AT 3.1 ~70.9 g kg™ (E2) , 1y
B k209 g kg, ARTF AR LR 4 A LK
T A (43.9 g kgD L L ESAR
BJZ M CZA LK T3 & & 53 43.8 . 14.9H1
4.1 g kg™, BEE. CIEAPURT-Y &5 AR 4>
SR FE T 66%H91% . FRARFNTE N F ) S (] 34 = 22
ARG AETE CEIL) X Bk 0 U G 5 4 FH 3 1Y
TR, PRl I A A A L R R
(E2) o REW. LA LR S 2 7ERZ
A I B R B3 IR R, ELRE T R A
KW ST (E2) .

T IAHHLIRS E Soil organic carbon content (g kg™)

0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
0 1 L J 0 A1 A1 J 0 0 1 1 J 0
30 4 30 1 30 1 30 304
60 60 60 60 4 60
E
2
=
§ oo NI H3682mg, | N2, HS3529mg, | N3, H=3304mg | N4, H=3264my, | NS, H=3 008 m
A 0 30 60 9 0 30 60 9 0 30 60 9 0 30 60 9 0 30 60 90
1% 0 . L b0 L L ) 50 n L 50 L
"
.H
40 4 40 40 40 - 40 4
80 80 4 80 80 - 80
. H= , H= . H= . H= S5, H=2973
10 ) ST H=3498m o |l 82, H=3572m, ||s3, H=3127m , | S4 H=3106m, | m

P2 AR P BEBACH R (NT ~ N5 ) RS Sk (S1~85) S 3eA HLRR 5 3 1 20 A A5 1k

Fig. 2 Distribution of soil organic carbon contents in the soil profiles ( N1 ~ N5 ) in the Hulugou watershed and ( S1 ~S5) in the

Shitougou watershed of the middle Qilian Mountains

A 31 3 9 O A R A 2 R T L & AR
RAEHE H0.1 ~14.4 ¢ kg™ (EI3) , FHEHES
2.0 g kg™, HEgE R LA & T,
RIS F 7 18 48 = 2€ 5+ 58 0 MLk - 1 1
(11.6 g kg™') "0 AL PAZ . BERCE
TCALER- 34 & 5505 h0.3 . 0.9F15.2 g kg™'s BT

R R S, B I P R R A ARG, AR
BLBR & A% . PR3 A Sk VA I B 45 & A )2 4 Te L
W B AR B oN0.9 ~ 41.0 g kg™ (FE3) , Ty
TH15.0 g kg™, HEERTUEH HHITCHLRT
g Y, SR TR 2 R 8
fiso PHYEHIERAZ . BEMCE TV 255
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FIETEHLIRA & Soil inorganic carbon content (g kg™)

0005 10 15 0005 10 15 0 2 4 6 0 4 8 12 0 5 10 15
O 1 1 J O 1 1 ) 0 n 1 J 0 0 1 1 )
30 - 30 4 304 30 I 30
60 1 60 60 | 60-—\_‘ 60
E 90 90 90 ] 90 90
-1 NI, H=3682m | N2, H=3539m  |N3, H=3304m N4, H=3264m  |N5, H=3008m
a
o
7—; 0 5 10 15 0 10 20 30 0 15 30 45 0 15 30 45 0 10 20 30
w2
O 1 1 J O 1 1 J O 1 1 J O A 1 J O 1 1 J
=
SN
"
_H
404 40 404 40 40
80 80 80 - 80 80
120 4 120 120 120 120
SI, H=3498m $2, H=3257m | 83, H=3127m S4, H=3 106 m S5, H=2973m

B3 ABIE L B B3 8 2 9 i3 (N1 ~ NS ) FIFHSCA LR (S1~S5) 3 ToHLR & & 35 1 4340 FEAE

Fig. 3 Distribution of soil inorganic carbon contents in the soil profiles ( NI ~N5) in the Hulugou watershed and ( S1 ~S5) in the

Shitougou watershed of the middle Qilian Mountains

MoN8.3. 17.9F117.8 g kg™', BJE HIHELHLIRF-2
TREAZN2ME . X 5 RGN (MAP <500

m) . FIHERIRES KA A, IFEBEE
BAG, Wik, BTl & & B A /EBE Y]
ITACE kT
2.2 iﬁ%ﬁm & AN Fo WL Bk 2 B 93 70 S AE
B 33 85 7 8 R 1 m AR BL R % AR Ak
WHIN16.0~32.4 kg m™, B & T3, B A&k
(143 kgm™) . #EM (11.5 kg m™) FIFJFE (8.2
kg m™) HHEAHLERFR % 0L I RN AAE
RANUIRE B RR, W AR MR, i
FFENSFE SR/ (R2) o FHA KA m+
KA LB 2% AR LIS I A 5.8 ~ 15.7 kg m™>, F3
WHEEN11.8 kg m™?, KT B #T P94 F . PHYE
ANFEFE ST m AR LR FE R /N S3 > S5>82 >
S1>84 (£2) . B, FHYEO ~ 20 emA HLARS &
Im A HLER 19 % B/ 2500 08 31% ~ 62%
M36% ~75% (Klda) , V¥ N48%H52%, %
BB . B3 H A DL ~ 20 emE 52, BB

N4FEH 0 ~ 20 em A HLER S E 5 1 m R PLER Y
WMo R AR (E4a)
R IR 2R 03 A 80K B0 A BILAR % 2 i 1 TR

JE B A

, X2 T AR AR

FH3% SARE A0 ~ 20 em +HEAH HL
B 5 1 m - AE HLER A% B A A 4 b
d4a) , XEHFTIZEIBLSETE .

m (A
& R

ARKZE (KD PEURMBR R L8R A7 1

%%)%\"O

BH 3% 5 2 V8 B 1 m = A TE B AR B

A,

kg m™ (%2) .

Wit 2 T

HNSAY3.7 kg m 28 FFREENTAY0.1

PRI A SV AR m A AR TC LAk 2

JEASALIE 2.2 ~17.1 kg m™>, FHBHRE H11.5

kg m

BER2fE 0

L SR AR I L R LD R - S ¢ JE BIL gk T
PR AN R FE A1 m A A P TE Bk

BREKR/NKS3 > S4 >S5 > S2 > Sl (#2) .
- 38 TC ML A A B 9 A5 Ak Sz e T B R A 1Y) I 7 R
VER R E, LR E B EFE40 ~ 80 cm
(E4b) , HICHREE 51 m EARTCHLIR S 1
44% ~ 65% . BAYE P STRISARE &, F5FL)Z H BLAY
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Table 2 Soil organic and inorganic carbon densities in the top 1 meter soil layer on the north and south slopes of the middle Qilian Mountains

BHYE North slope

B3 South slope

NI N2 N3 N4 N5 Sl S2 S3 sS4 S5
SOC, (kgm™) 17.4 16.0 21.0 32.4 17.3 9.6 13.3 15.7 5.8 14.8
SIC, (kgm™) 0.1 0.1 0.1 1.5 3.7 2.2 9.1 17.1 15.6 13.3
SC, (kgm™) 17.5 16.1 21.1 33.9 21.0 11.8 22.4 32.8 21.4 28.1
SOC/SC, (%) 99 99 99 96 82 81 59 48 27 53
SIC/SC, (%) 1 1 1 4 18 19 41 52 73 47

. SOC,. SICHISC &+ A7 WLt 5 i

of soil organic carbon density,

LI PR B

Soil organic carbon density (%)
0 20 40 60 80 100

VR IETCATL S R A L S IS SCARE Note :

soil inorganic carbon density and soil carbon density,

SOC,, SIC, and SC, is abbreviation

respectively

EIRTCHLR

Soil inorganic carbon density (%)

0 20 40 60 80 100

0 T T T T
3 .. a
."a\ \\N‘\‘\\#:\
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|
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-%k-S4 -%k- 54
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P4 R b BEASEE P B R (N1~

N5 ) FIHME A KR (S

Fig. 4 Vertical distribution of soil organic and inorganic carbon density in the soil profiles ( N1

~85) A LG A JCHLBR 5 5 T B o3 A

~ N5 ) in the Hulugou watershed and

(S1~S5) in the Shitougou watershed of the middle Qilian Mountains

R, TeHLBR G A7 7E AR B s B3
N1, N2FANSHE ORI o, T R IR 55 )L 4
TEIS: N e N

B3 FH3E 1 m A S % B 43 5 16.1 ~ 33.9
ke mPHI11.8 ~32.8 kg m™, FIIBREE454H21.9
kg m™H123.3 kg m™ o S FABEAIPHIE 1 m 4K Bk
SRR BEAY, (LA A BB B
A AL % B e B, 1 m AR

R EER82% LA I (F2) 5 FHIET mA A4 Lok

THLBR T2 % B A 5 R 118 FI11.5 ke m™2, 40505

1 m AR R % 19 51%F149%

23 EMEIESHBRMALIKESENEE
SR AW BT R m  EAT HLaR I

PR & M LR A BN R 1 7 g

X, i&ﬁﬁl?%ﬁﬁ]bﬁi%%1 i ( 7J<%Mjw% )
R4, 0 3 1t 5 i+ 408 2 77 0+ e
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Jio LaRZEIRFE, B, PHYE - HEA HLEK 2 B4R
TE0 ~ 20 em A4, 17 - HETCHLER = ZAE H TE40 ~ 80
em A&, ML, FXX0~20 emHARH WL S B
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VERTICAL DISTRIBUTIONS OF SOIL ORGANIC AND INORGANIC CARBON AND
THEIR CONTROLS ALONG TOPOSEQUENCES IN AN ALPINE REGION

Abstract
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The alpine region in the Tibetan Plateau, characterized by sharp contrasts in topographpy

and bioclimate, accounts for about one-fifth of China’s total land area. Due to limited field observation and

high spatial heterogeneity, distribution of soil organic and inorganic carbon in the alpine region remains

unclear. A better understanding of the distributions of soil organic and inorganic carbon and their controlling

factors in this region is critical for accurate assessment of terrestrial carbon storage and important in

implication for dealing with global climatic change. In this study, investigations were conducted of vertical

distribution of soil organic and inorganic carbon along two toposequences in the middle Qilian Mountains on

the northeastern edge of the Tibetan Plateau, one on the shady or north slope, the Hulugou watershed and
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the other on the sunny or south slope, the Shitougou watershed. Each toposequence consists of five typical
soil profiles, and soil samples were collected by soil genetic horizons. The objectives of this study were to
examine changes in vertical distribution of soil organic and inorganic carbon along the two toposequences,
and to identify main controlling factors for the variations of soil organic and inorganic carboncontent at the
slope scale in a relatively small region. Results show that organic carbon content decreased with soil depth in
both toposequences, but the rate was much higher in the sunny slope ( 66% to 91% ) than in the shady slope
(31% to 77% ) . In the soil profiles along the shady slope, inorganic carbon was found distributed quite
evenly ( < 5.0 g kg™') due to the strong leaching of carbonate, while in the soil profiles along the sunny
slope, inorganic carbon in B horizons was two-fold as high as that in A horizons, which demonstrates that
evident enrichment of inorganic carbon in the B horizons of the soil profiles on the sunny slope. Soil carbon in
the topmost 1 meter soil layer did not vary much in density between the north and south slopes ( 16.1 to 33.9
kg m™ and 11.8 to 32.8 kg m™>, respectively ) , but did in composition. In the north slope, the soil carbon
was dominated by organic carbon accounting for 82% to 99% in density, however, the soil organic and
inorganic carbon in the south slope varied sharply in density, accounting for 27% to 81% and 19% to 73% of
the soil total, respectively. Therefore, it may be concluded that slope aspect plays an important role in the
vertical distribution as well as composition of soil carbon in the alpine region. In addition, precipitation and
vegetation are also major factors affecting spatial variability of soil carbon along the toposequences. With the
mean annual precipitation increasing by 1 mm, soil organic carbon within the 0 ~ 20 em soil layer increased
by 0.4 g kg™', while inorganic carbon within the 40 ~ 80 cm soil layer declined by 0.2 g kg™'. And vegetation
type also had some effect on enrichment of soil organic carbon. All the findings in this study demonstrate that
the study on soil carbon cycling and the estimation of soil carbon stocks in the alpine region should take into
account the influence of micro-topography, especially slope aspect, on distribution, composition and spatial
variation of soil carbon at the slope scale.

Key words Qilian Mountains; Toposequence; Organic carbon; CaCO;; Vertical distribution; Soil

carbon density; Precipitation
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