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Abstract: In order to study the distribution and changes of soil organic carbon (SOC) and inorganic carbon

(SIC) and total carbon with grassland potential degradation following altitudes along Helan Mountain, mean-
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while explore their relationships with environment factors of climate, vegetation and soil, we collected soil
samples and plant samples in three grassland types at different altitudes along Helan mountain in Alxa, Inner
Mongolia, China. The different soil indexs which mainly included soil pH, Soil organic carbon, total carbon,
soil total nitrogen (TN), total phosphorus, available nitrogen and soil bulk density were measured. The rela-
tionships between soil carbon with environment factors of climate, vegetation and soil were analyzed by inte-
grated partial correlation analysis. The results showed, as the altitude increasing, soil organic carbon content
and density increase and were expressed as grassland types: steppe=> desert steppe_> steppe desert. However,
soil inorganic carbon and total carbon content and density increase gradually with altitude increasing, but it
slightly decreased at the grassland at altitude of 2 100 m. Integrated partial correlation analysis showed TN was
significantly correlated with soil organic carbon. While, the factors affecting soil inorganic carbon varied great-
ly. Soil bulk density was significant correlated with soil inorganic carbon and annual rainfall and annual average
temperature were the main factors too. Because soil carbon density was influenced greater by soil carbon con-
tent than soil bulk density, similar to soil carbon content, soil carbon density in steppe was significantly greater
than soil carbon density in steppe desert. Additionally, if the grassland at the higher altitude changes to the sit-
uation as the lower altitude, soil organic carbon content and density decreased, but soil organic and total carbon
content and density decreased only when the grassland types changed. The whole research revealed that the
degradation of the grassland influenced both soil organic and inorganic carbon content and density, and the soil
development influenced the soil organic carbon characteristics too.
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Grassland Community Latitude Longitude Precipitation/ Mean annual -
Altitude/m Slope
type type (N) (E) mm temperature/ C
1 Ml o R BIAE &L 3P (Stipa breviflora) + 1% . . s
2 100 ” i _— 387 51 105° 50 280 4.9 3 ~5
Steppe 8 (Artemisia frigida) BEV%
L1l 5 JEAE £ (Stipa breviflora) + % . . . .
1 960 N i o 38" 52 105° 48 258 5.7 3°~5
Steppe & (Artemisia frigida) FETE
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Jie B i I . — ot o e
1 820 F ¥ (Cleistogenes songorica) + 41 38° 52 105°46 234 6.5 3°~5
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s e e AL 5 3 (Stipa breviflora) — B
e BERE A BN : o raf 0yq! oo
1700 T K (Cleistogenes songorica) + 41 38 53 105744 212 7.2 3°~5
Desert steppe _
b (Reaumuria soongorica) # V%
R AR S 2L (Reaumuria soongorica) — [ . . .
1410 m ‘ 39 01 105" 39 151 8.9 3 ~5
Steppe desert T (Cleistogenes songorica) Bt 7%
I Wi L (Zygophyllum xanthoxylon)
AL 5 . . . " o et ony ! o _qo
1 360 + 3¢ 4L 3 (Ceratoides latens) — &t 39" 05 105734 140 9.2 1"~3
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T-¥ (Cleistogenes songorica) FETE
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Fig. 1 The soil carbon content among different grassland types
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Note: Different lowercase letters in the same soil layer among different

grassland types indicated significant difference at the 0.05 level; similar-
ly for Fig. 2.
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i H A HLEK Soil organic carbon TJeHLBk Soil inorganic carbon 4Bk Soil total carbon
Item 0—10 em 10—20 cm 20—40 ecm 0—10 em 10—20 em 20—40 em 0—10 em 10—20 em 20—40 cm
K _
L —0.142 —0.241 —0.271 0.586" 0.271 0.546" 0.501" 0.229 0.487"
Precipitation
AR _ _
—0.159 —0.221 —0.293 0.586" 0.203 0.440" 0.497" 0.155 0.370
Mean annual temperature
i i
0.035 0.169 —0.026 0.112 —0.013 0.096 0.111 0.047 0.086
Plant cover
A7)
—0.010 0.006 0.342 0.241 —0.190 —0.164 0.209 —0.216 —0.078
Plant productivity
+4% pH
—0.037 0.304 0.390 0.042 —0.511" —0.199 0.023 —0.496" —0.100
Soil pH
AT
—0.181 —0.093 0.215 —0.216 —0.294 —0.511° —0.254 —0.363 —0.458"
Soil bulk density
2R , - ,
0.431" 0.363 0.670" 0.557" —0.160 —0.224 0.609° —0.047 —0.021
Total nitrogen
WA i}
. . 0.163 0.044 —0.381 0.018 —0.271 —0.133 0.077 —0.295 —0.212
Available nitrogen
R
0.179 —0.166 —0.178 —0.131 0.167 0.033 —0.048 0.134 —0.009
Available nitrogen
N
—0.070  —0.004 0.214 —0.185 —0.322 —0.423" —0.188 —0.367 —0.367

Total phosphorous

% "HRR P<0.05, % 4 [,
Note:“ * ” indicated P<C0.05, similarly for Table 4.
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Table 3 Regression equation of soil carbon content and soil, vegetation and climate factors

T =
o . e [7] 5 77 2 Regression equation
Item Soil layer/cm
0—10 Ysoc =4.607TN+0.068 AN—0.663(R*=0.981,P<C0.001)
A HLE:
. _ 10— 20 Yo =5.293TN—0.389(R*=0.937, P<0.001)
Soil organic carbon
20—40 Ysoc =5.797TN-+1.926 pH—17.263 (R*=0.942,P<C0.001)
0—10 Yqc=12.127—2.105AP(R*=0.511,P<C0.01)
TR o
o _ 10—20 Y =206.805—56.572B—0.396 AN—13.139pH(R” =0.584 , P<(0.01)
Soil inorganic carbon
20—40 Yae=44.095R+1.473T—55.352TP—70.941B—486.235 (R?*=0.840,P<C0.01)
o 0—10 Ysre =7.082+9.163TP+4.369TN—1.487AP(R*=0.889, P <C0.001)
10—20 Ysre =88.615—53.408B(R*=0.760,P<C0.01)
Soil total carbon ’
20—40 Yere =129.638—79.072B(R*=0.738,P<0.01)
Oo1oem  @10-20em  W2040cm ML 25 B 22 P10 A7 L Hb B R > 5 15 8 R > B R AL TR TR,
o0 - Stemedcert | Donnoppe | Stenpe S B HE A A SR O IS T 9 BLATL 0L,
e i B A 4 85 60 26 B ST 5 O B4 4 By
Z280r fa %, 5 2 100 m B HL ) B FEAEL N T 1 960 m B
Q a g S N T Sy e L 3
S 2100 bl 3 b, FL T H R - S B 5 IR 2) 5 18 4 2
'Lﬁk( b b S o iy RN it ke e RN
E ol 2 . e 3 7 4 26 AR i) ) 28 Al g 1Ll 5> S 9 R > e
= N P B S L
% 70 Fe 4 ed 222 THEHREESHEKRSEMTEAS TR
0 P X R S SRR e R R AT A
0600 ¢ KM AEFR,0— 10,10 —20 Al 20— 40 cm )2
@8000 T HEA LIRS S A VLR & TR % S T LR
% FEUAEREE MRS EYE F EMX P
g 0400 T 0.05) , £ W % B 15 + AR T AY AR AR BR 20— 40 em +
4800 AT HLIR 5 FE A 4 B 5 7 15 - 2 G 25 O A1
S0 f o ‘ A AR (P<20.05) (3 4). A L. &S
H% L1 = e e N i = L3 = -
#1600 F v oo Ttk R 849 4 3 R O L L il 7 ) il %% T kA
_H
. K
12000 - 2.3 HIHLRT R AR R A ok R rp L3RR B 0 o B
“E 231 EBHERSEHBASN IR SR
% 9000 F w5 W 30T I AR 0 2208 A B Ll b T L M AT O
é Y - HEBR AR AR L PEAT B A 9k 18 AE 1B Ak 1 R Y ik
*{i% 6000 [ SRR (3 5D, & B0 7E B b A 0l 0 AE B b R b QR
ﬁ ¢ ¢ 2100 m—>1 960 m—>1 820 m—>1 700 m—>1 410 m—
e 3000 .
i ¥ R 1360 m) +3A HLBR S I AE 3 4RI A7 AL — i
0 RO e, Bk i AR L VB Bl R 0.23~6.36 g » kg ', R
1360 1410 1 700 1 820 1960 2100 %Eﬁﬂ&ﬂﬂ 7.98%,%%%56.82V0 T}iz 100 mﬁﬂﬁ
R Altitude/m

B2 FREMERTEREE

Fig. 2 The soil carbon density among

different grassland types

ARBLB AL IR 1 960 m Y 55 4 F AR DL A HLER 75
A0SR A KU B R, TR 1 700 mo BT HR AL IR 1
NHFR 1410 m i 4R B0 I A BILAR & B B 2 3R XU
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Table 4 Partial correlation coefficient between soil carbon density, soil carbon content and soil bulk density
A B T ALK % EXUE IS
+)= it H ' ' . '
Soil layer/em Lem Soil organic Soil inorganic Total carbon
carbon density carbon density density
it {2 i Soil carbon content 0.993" 0.984" 0.976"
010 + 345 Soil bulk density 0.491° 0.656° 0.559"
Xif i % 5 i Soil carbon content 0.997" 0.997" 0.989"
om0 + & Soil bulk density 0.722" 0.773" 0.619~
Xif i % 5 it Soil carbon content 0.975" 0.994" 0.907"
20740 345 Soil bulk density 0.117 0.724" —0.205
x5 EMBRUEEIRDIERSERASN
Table 5 Analysis of soil carbon content loss rate among different grassland degradation succession
g WERER L KB 2
G ;;iﬁiii T Soil organic carbon Soil inorganic carbon Soil total carbon
Current - wion SO lver/ Bk %% Pk I % %t T
situation situation cm Loss content/ Loss rate/ Loss content/ Loss rate/ Loss content/ Loss rate/
(altitude) Caltitude) (g kg™ % (g+ kg™ % (g ke ™ %
0—10 4.74 27.31 —8.89 —589.07 —4.16 —22.05
2 100 m 1 960 m 10—20 6.36 37.90 —11.77 —146.40 —5.41 —21.79
20—40 4.86 39.41 —8.91 —41.26 —4.05 —11.94
0—10 4.81 38.17 4.47 42.93 9.28 40.32
1 960 m 1820 m 10—20 3.17 30.36 8.23 41.55 11.40 37.69
20—40 0.74 9.93 7.76 25.41 8.50 22.36
0—10 2.71 34.72 —1.92 —32.41 0.78 5.69
1820 m 1 700 m 10—20 1.07 14.79 —1.87 —16.18 —0.80 —4.24
20—40 1.53 22.78 3.26 14.31 4.79 16.24
0—10 2.23 43.88 3.42 30.79 5.65 35.93
1 700 m 1410 m 10—20 3.41 55.19 8.55 56.15 11.97 55.85
20—40 2.95 56.82 12.97 66.47 15.92 64.44
0—10 0.23 7.98 —1.33 —24.40 —1.10 —13.25
1410 m 1 360 m 10—20 0.66 23.97 —0.77 —12.99 —0.10 —1.15
20—40 0.66 29.35 —1.68 —25.62 —1.02 —11.56

B K s HHETCH A T o A 4% R b T R AR Al R i SR R
FEASHH [] o 76 [) — B b 2 80 v, 0 b A R 0 oR V3R
2 100 m APIRZSIB AL AMEH 1 960 m RZS 4K 1 820 m
PRSI AL A 441 700 moRZS, KR 410 m 1R
R MIEIRY 360 m R HHETCHLR & i R BN 1Y
JormkE A T AN ] 7 b 24 0 i) 174 b bR 24 A A e R
TCHLBR & 3 R ILBE AR 3, e KA RFh 66.47 %,
RAEAEHFHL 700 m AL G5 R 5 1Y) B b IR 25 T 7 e A8
RUEAR 1 410 m Ab CRFEARTEED PR s R &

7] I_A\

TERT R WOR B i 3R 2 100 m B9k A B 1k N R
1 960 m AR, Mk 1 410 m HRIRZSB AL Jy 4R 1 360
m RS SRR 10 B, FLA I AR A B b v AR AR Ak i
i rp 8 R IR e e B, 2k AR AR L R 0.78~15.92
g kg L PRFEN 5.69%~64.44%,

2.3.2 BRI R SO 7R R i
PR, 0—40 em )2 T SRR 25 FE P RIR I B (R 6)
- A DBtk B A A b A B VAR A o AR W
W M BRI 353 ~2 578 g+ m YL KRN
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2096 ~46 %, Horp, B LA BOIR B0 B iR 2 100 m AR
BB MR 1 960 m R 25 b A HUBR %5 E Bk IR
KR 1 700 m BEHCAR BLAR AL M 4R 1 410 m BE
b ER 950 B A AL 2 B K R B R . - R TCHLBR 2 B AR
T A BOR A T 3R 2 100 m (R 5B 16 R IR
1960 m RA, KR 1 410 m BR AB 1L R i 4K
1360 m RS 3R I A 18 0 #e A 1 R A0 v
FEIR b A 7 v 2 e B U/ R A e R A K R R
BAANIK 3 853 g o m PHIA8Ys, AR AR B
HUABWOIR B AR 2 100 m (RPIRZS B 16 #1960

m PR S S 3R B A T A, A v Ak Ak R b v A R
Al i rp 187 3R B U/ B d KA R R R R G
MR 5199 g m TH ATV, RAETEWR 1 700 m &b
(e V65 B ) 1 2 b RSV 7 5 A8 4Kk 1 410 m 4
(REJF AT B BRA . BEAKFE K, Wil 45 1Y 25 Pk 4k
R IR, A HLAR Y R AR AR, TCHLRR A8 b %
S H 25 1 b 5 R AE D S BE A5 (1 960 m—1 820
m) B 5 I A AR A O B R AR R BE (1 700 m—1 410
m) B, 4 8 TCAIL Atk TN 4 e 285 147 ) 4 I, R ] >
Hi T e Az AR AR, - S TC AL R A e 0 R B

o EHMBARBEIRPIERTERKESMN

Table 6 Analysis of soil carbon density loss rate among different grassland degradation succession

Bk ‘i’é’;ﬁmﬁ AL A L

G ;liiii T2 Soil organic carbon Soil inorganic carbon Soil total carbon
Current o duion SO laver/ Bkt 1k 2 kA 1k 2 Bk 4 Bk &
situation situation cm Loss content/ Loss rate/ Loss content/ Loss rate/ Loss content/ Loss rate/
(altitude) Caltitude) (g+m?) % (g+m?) % (g+m %) 9%

2100 1 960 0—40 2 578 36 —4 581 —170 —2 002 —15

1 960 1820 0—40 941 20 2 867 26 3 808 24

1 820 1700 0—40 811 22 155 2 965 8

1 700 1410 0—40 1 346 46 3 853 48 5199 47

1410 1 360 0—40 353 23 —137 —3 217 4

3 Wie54%ie

3.1 AN EHE R | SRR R AR

- SRR AL A A HLER A S ML R4y . A
BB 2 e LA 5 9 i A 5 8 2k =22 ) O AL 7R R
) ) A2 A R B 0N 28 R O s, A LBk A7 7E 1R
K ZES, — U, Ik 25 R G+ 5 YLK %
LA 7 B T VA X LR B B AR R
DX AH X 4 1%, - A HL B % B 5 R OE A 6 %
R0 R [ R R A WF ST AR A L
e 7t 2 R (14 - A 26 B Ay R ) B JiE > LAY B I > S
AN VN D G 11N R e o B S e b )
BLAR ) 43 A AR L5 L R R 9 45 S — 30, 3 3k B 1 3K
L Tb A A LR e R R 0 AR Y+
AT LB S5 R I b 2 A R HE S A 1L R >
e V5 S > B AR TR AT IA O L 2R b X I
JE R K R D A S8 B A AR R R TR i >
HEA LR 5 AR 5 B V4K A9 L T B K B R 48
A AR VR R 2 A AR YR Sy DA T VB i R R S R
L i 5, A e 4 2 ROIR B OR B , R SR IS
W%, - HEA HLER & BRGNS Ah . R R 3G 0, 6

T AR AT AL 20 i el 2 A R A LB R e Y
TR 2 —20 IR AURR R b S Y o AR
Grt R AR S N RIE SRR, M SRR
To ALk it 5 Ik B2 P e A0 T A e A A £ 8 o i s 2
TEARWTFEH X BEAE TR PR A0 b T B0 22 1 PG B K £ i
ST TR B M RIS 4 M SR R E ST A R R K
It B8 X 2% 3t 1X. 4 38 e FL A7 AH B A4 A T T AR B 5 45
7R S TC MU B R R B I AR R b T S Y
I BEER 2 100 m AR AT B 2 75 i 28 B SR B 1
M > S A R > R RAR SRR . M D, R
BURR — 5 LB R & F RS A R AEEB RS
ARA PR G % M DX B VAR P T i R R TCHILAR Y
SRR T RE S LR B R B A G, BRI
et JBE S 5 W) b S T B R B IR R L AR AR 2 100 mo A
Mo Ak L 22 S TCALRR 5 1 R0 R A, T RE R 1 R
RLBE S A i L R R R T AR A L)
JotE 4 A LR B A e O HLRR B TR R R
Wi, TCHIL B 0L S8, T RE 2 R 2 Y b U A L b R
BB a2 LR, 8l T ALK & .
A g 1 S AR F 5 - ETC HILBR B4 78 A A5 SR AR
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R i v A ) e o - 9 4 e S A R L B2 100 m B
Hb AT U D 2 TR A 2 M X 1 TE MR B B R R R
T PR & 2 A R, £ 2 TR A & = R,
AR B AL T, & A BB AR R BN 1
JE > S B JE > B JE AR R, A B AR o, A R %
5 e S X R A AT R AE O A M R B,
i 5 B 5 e 5 kP 25 R X A AE W AR DG L (LR O
XoJ i %5 R DT R FE T, DRI o - M 8 B AR B 24 1L 7
I LT B ) A b B 5 R A o Y AR Al — 3 B
FERUT 5, - HEm 2 B 2R B A 1L b B 5> 5 Y5 R >
R AT
3.2 AR RHER LR T 5 SRR AR B &R B

A HLRR = RN LR T RN S bR, 2 R
foE AR UL N RIE S L5 AR, P B2
GO R, A LS £ pH fAEM I, 5
G OK R A A IE A G, K W AED
FEAEH RN N EZ R E AR A E N
T K A | R SR A AR T ) S RO
X B 25 SOC i) EFENE., ARV,
P X A P S e A e o B R
e T B Lok 2 2R IR T ah sk ik 9
Gy WA LA B A M 6 B 5, - 9 R B R IR TR A Ak
R AMAEDE A WHEZNATEERENKR,
At HE LR & R R N R GE R, Mi
SRR AE L T LR 1 R B A R B A R A T 3
R K S 4 398 f ek 2D o AR s W AR TR 9 2 I - T
MLk 5 TN.TP,AN, AP & % fiMl %, 5 41 pH (A .
5 G UM OC . A SE R WL 52 e 1 4 T B B 1Y
PR 2 O A B OK B RNAE YR, 5 3 pH 4 E A
KebE . AR F Ok AW T & B WA L AR A
BILRR 7 1 B 28 R [ DA L e 0 G AL ik = 2 114 ik
RO AT, A B AN TS MLk 1) 52 e R R 2 FE AE AR
KX A A BB (14 F U8 5 LR R S8R TE W) 4y
e e, N L5 b S R RN AR W) A A B G Y
FHOCHE R E ML R EOR AR M AR . Ak
2 55 A RN - HE TR AR R A G
3.3 MR AE R Al Rk R p SRR B 0 ) W

20 e 60 AR LA . B 2% 10 b XN R W7 4

£ % Lk References:

s KRS G 3F & 2o BE A Ok AR RT R,
FREIR T4 b (Y A 25 20 BE R TR B Ml A R VR 4
Pt b JE A 4 1 AR S PR BT L 2 Ml X B b A T
RIS . TR B A 4 Bk R W L R U i
WHEEA LB BR AR X, C AR
UL A P B s rh, LR S E R Y O
UK AR . SR A E) AR I JR] Y R i AR
o VR AR B b, A 8 e 5 I AV AR Bk Y 25 (B, 4 BT Ll b
I F R O LA - AR SRR AR L BE 8 AR 47 Hb A 2 1 B
H AR A A D TR 5 | R A A v A AR b sk 7R ) itk
PR, X X R IR A A B A B R R X,
AT LS Bl 0 ) b R AR AT R gk Y S IE
[F) B A, AT LA A 3R Ak e b K A ok A EG 1 e 5 ) 1)
N, Shy 214 1 B M ) WK ST A B AR TR AR L o BT
g5 R R, 7E B M A W08 AR AR Ak B GEER 2 100
m—1 960 m—1 820 m—1 700 m—>1 410 m—1 360
m) A Bl A R BB R D K R AR
RARARK AP & e K & 6.36 g » kg 'L 40
PRI Ik 57 % 5 - HEIC ML RN 4 Bk 1Y B = % R
SRR e a7 N [ I R < R R .
TR b B L b B 5 5 P i S Y R J > R
A FEW L BT 1 960 m—1 820 m A1 700m—>1 410 m) ,
- 3 TE AR A4 Ak 24 BH G e /b L AR AR RO, R
BURK F0 TG HIL Btk 1) 4 2 58 A0 BT 5 10 AE [A] — 2 AL
AN [R) AE B 7 28 7 R AR IR AR B A (1 820 m—>1 700
m,1 410 m—>1 360 m), JG AL Al 4 b5 A8 Ak 4 X 2
B AR )R RGN H MK 2 100 m KL
HCR BC 1AV 1 960 m M v /e B b ad B b
LBk @53, rT e S AR IR R A B RS A
Ko TIAb A AN B b 2SR Py Y TG S TR AR Y B T
VAR V5 25 /0N s L - S ik 1 22 5 R L AS () R i A R i)
) R i, - e 1Y) 25 S /0N L T R b 2 AR ) A AR Akl A
T PR R ZE R, —EBRE LB T +
S5 w07 N T~ S s o VT = R L A 3
b i o A A B i FLTE B Bk B AE AR 3 S e,
A HL AR 1 5 e AT AR 3 ROk R T A HL T Y i
A Y AR R AR I RE B R AR B A ] O
A BLB BT R IR T AR
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