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Abstract: Mineral-associated organic carbon (MAOC) is a relatively stable and important fraction of soil organic
carbon, and variations in its content directly affect the composition and long-term stability of soil carbon pools. In
arid grassland ecosystems in particular, MAOC plays a key role in long-term carbon sequestration and the functioning
of carbon sinks. However, studies on the spatial pattern of MAOC in grasslands of the arid and semi-arid regions of

central Asia and the main factors controling it remain limited. In this study, we focused on grassland on the northern
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slope of the Tianshan Mountains in Xinjiang, and examined the spatial distribution characteristics and driving
mechanisms of MAOC considering grassland type, soil profile, and topographic—climatic—soil factors. The results
show that: 1) The MAOC content decreased with increasing soil depth, with the largest decreases in mountain
meadow, followed by typical steppe, and then desert steppe; 2) The MAOC content was significantly negatively
correlated with air temperature and soil pH, and significantly positively correlated with elevation, slope, available
phosphorus and total nitrogen; 3) The carbon stability index values were higher in deeper soil layers, indicative of
higher carbon stability in deeper layers; 4) A spatial prediction model for MAOC based on multiple regression
analyses revealed a spatially heterogeneous pattern where the MAOC content increased from northwest to southeast.
These results deepen our understanding of the spatial characteristics of MAOC and factors influencing MAOC in arid
and semi-arid grassland ecosystems, and provide scientific support for formulating land carbon management policies
under the “dual carbon” strategy in Xinjiang and other dryland regions.
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Fig. 1 Geographical location of the northern slpoes of the Tianshan Mountains and distribution of soil sampling sites
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Fig. 2 Distribution characteristics of soil organic carbon content under different grassland types
ANF KT B R 7] — L JRAS TR B 2 A ] 22 53 i 3 (P<C0.05) 3 A Rl /NG B 320K [F] — B 38 AR [ 1 J2 i) 22 53 W 3% (P<<0.05) o Different
uppercase letters indicate significant differences (P<20.05) among different grassland types in the same soil layer; different lowercase letters indicate

significant differences (P<C0.05) among different soil layers in the same grassland type.

F1 I MEREXBEITEFHNSHEINKRIE
Table 1 Particulate organic carbon content of soil layer in three grassland types
B A Y TEHE R /ME R A P HfH brifi 2 A5 5 R AL
Grassland types  Soil depth (cm)  Minimum (g-kg ') Maximum (g-kg ') Mean (g-kg ')  Standard deviation ~ Coefficients of variation ( % )

it 15 2 0~10 1.45 5.58 3.28Ba 1.48 45.13
Desert steppe 10~20 1.03 4.74 2.86Ba 1.34 47.08

20~30 0.58 4.07 2.01Ba 1.21 60. 57
Hit 7 0~10 0.94 18.51 6.61Ba 3.92 59. 20
Typical steppe 10~20 1.18 16. 46 4.88Bab 3.53 72.25

20~30 0.37 10.01 3.44Bb 2.06 60. 00
1Ly i 2 ) 0~10 3.88 23.65 13.15Aa 5.61 42.68
Mountain 10~20 4.03 18.63 11.64Aa 3.92 33.66
mezdow 20~30 2.49 12.85 8. 17Ab 2.55 31.20

T ARRE 5 1 305 ] — 2 JZ A [] i 28 70 i) 22 53 . 3 (P<<0. 05) s A [Rl/INE T -E 375 ] — R i 2 RUR [] + )2 ) 22 5+ 3% (P<<0.05) . Tl .
Note: Different uppercase letters indicate significant differences (P<C0.05) among different grassland types in the same soil layer; different lowercase

letters indicate significant differences (P<Z0. 05) among different soil layers in the same grassland type. The same below.
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Table 2 Mineral-associated organic carbon content of soil layer in three grassland types

A HY LR e/ ME SN} RECL(E] il 22 5 5t R
Grassland types  Soil depth (em)  Minimum (g-kg ')  Maximum (g-kg ')  Mean (g-kg ')  Standard deviation ~Coefficients of variation ( %)

i 155 It 0~10 4.99 10. 34 7.16Ba 1.87 26.10
Desert steppe 10~20 2.50 9.64 6.08Ca 2.39 39.28

20~30 3.39 9.33 5.90Ca 1.98 33.46
BT T 0~10 3. 14 38.58 14. 64Ba 8.58 58. 63
Typical steppe 10~20 1.23 31.23 12.17Ba 7.79 64.02

20~30 0.92 29.46 11.05Ba 7.48 67.66
L1 b 5 ) 0~10 10. 04 50. 89 28. 40Aa 11.63 40. 96
Mountain 10~20 10.55 34.49 23. 74Aab 7.44 31.35
meadow

20~30 8.69 27.37 18.95Ab 5.87 30. 97
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POC 5 MAOC B FH{E 43 51 4 13. 15 g-kg A1 28. 40 g-kg ™", i # T 1 R 55 )50(6. 61 g-kg 'l 14. 64 g-kg ™)
KSR (3. 28 g-kg "1 7. 16 g-kg 1) (P<C0.05),

POC Y F [ i B 5 K T MAOC, 7E# R B JF rh  POC 1 2219 6. 61 g-kg 'F& & 20~30 cm + 24 3. 44
g kg ', M MAOC i 14. 64 £ 2 11. 05 g-kg 7RI A M H, POC 5 MAOC 735l i 13. 15 g+ kg 'H128.40 g-kg ™
W2 8. 17 g-kg "M 18.95 g-kg ™',

N T) B b 2 R ) AE S R RIS AR AE W R 25 S . POC 948 5% &R 8 (coefficient of variation, CV) i [l A
31.20%~72.25% ,MAOC 2} 26. 10%~67. 66 ¥ , H 1 it 8 B i rpr 22 (10~20 em) By 728 5 M i ey, 3R W) L2 0] 3 A
ZEFRER . BRI F POC A MAOC Y &t 00 L1 My 50 ) fi vy | B 700 0 Ji R 22 3 0 o D e IR A B A . v, 1l
Ho R & 12 1 POC FTMAOC % 55 19 8 25 - ML 8 3 it b5 5 88 5 5t (P<<0. 05) , T S A R it 55 555 Y5 R Ji2 22 i) 7
POC 2R AW E . M4 R R (E 3) 4 12 POCHI MAOC ¥ 5 + 58 A7 LAk 5 4% 1 2 1F 4 56
¥ £ (P<<0.001).

o L B A HUIK o WMIE G A MK o LS B A HURK
Mineral-associated organic carbon Mineral-associated organic carbon Mineral-associated organic carbon
56 R:0.961, P<0.001 40F R 0.970, P<0.001 35 R:0.973, P<0.001
2 el o BB HUE . e 35k o BkIAA HLK 3ol * BRLAA LB
2 Particulate organic carbon 30 Particulate organic carbon Particulate organic carbon
& 40F R 0.828, P<0.001 [ R:0.883, P<0.001 25F R 0.852, P<0.001
e 321 24 20+
QT = 20F 15
S 241 . 15F
o -
5 16f £ ° 10} 10
£ ol 3, s F o "
S ° I Y o33
o~ U , , , , , op *~—~°* .
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Fig. 3 Relationship between soil organic carbon fractions and soil total organic carbon
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B - 2 R 3 RN T /N R B, 4 G RO o B )R R B o B BTG, Al R RREE 0. 02~0. 03 g-kg ',
AR /N o K B AN [ R b 2 AR L ) ) 4 R0 A W A el A i (SRJZ U A ), MR R | S R
R (FE3),
2.4 FESHEGIRBEH 0 EE

R MAOC 5 82728 1k 1 5% ) P 38 8% CHC 22 (8] 4 AR AR D 18 FH OB TR QO AR B BB 38 1) ) | 4 398 3k 1k o
(pH AL F% 2% 2 A &) AL N F(ZEHE  ZERK) 5 MAOC & &7 H 57317
2.4.1 MAOC 5 1 B AR FRAE (14 AH 5% £ 0~10 cm 5 10~20 cm -2 H ,MAOC % i 5 + 3 pH & 3 A
(BN 4) , FLBE A 23 % B 04 184 0 3 A 67 K OGP 3 0 55 , 78 20~30 em )2, MAOC & it 5 pH A MR 3%
X % W] + 4 pH X MAOC & & 1 52 W) 3 248 TP e 3R 2 8 TR 2 3 b pH X MAOC B S 1 98 42 78 55
HL S RIS )25 MAOC & 2 2 [0 ¥ K R 80 835 A et R 0T 5% X 4 338 o0 Ml xR e

MAOC 5 #3645 2 R IEM LR, HAE 0~20 cm B 3% (- 4,P<<0.01) . 4% 4 0~10 cm A1 10~
20 em H 25 MAOC & & HA W W 3 IEAH COC R RiE )2 R B (B AR DG MR 55 . AW 5 MAOC & & #F
10~20 cm + 2 P & 8 F EAH I (P<C0. 05) & &, MAE 0~10 cm 1 20~30 cm + JZ P AHSCHEA 8.3 ¢
2.4.2 MAOC 5B RFRIAACHE SRR B B 3 ML 7 5 A TR 42 MAOC & & #4740 G 1
T (R 4) o 553 R R S MAOC 5% B 35 1EAH 6 & (P<<0. 01) , 22 B = i 24 it DX AIG VL A1 40 0 o A b 7
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F3 RLAEEMRAELENLEBALMER

Table 3 Soil physicochemical properties across soil layers in northern slope of Tianshan Mountains grasslands

2 +)2 pH HL R g R A
Grassland types Soil depth Electric conductivity Total nitrogen Total phosphorus  Available phosphorous
(cm) (dS'm ) (g-kg ) (g-kg ") (g-kg M)

i 15 2 0~10 7.83£0.30Aa 0.8641.04Aa 0.2240.05Aa 0.03£0.01Aa 12.914+3.76Aa

Desert steppe 10~20 7.78+0.30Ab 0.8040.96Ab 0.1740.03ABa 0.0240.01Aa 9.08+1.47Aa
20~30 7.74+0. 28Ac 0.7640.90Aa 0.1440.02Ba 0.03£0.01Aa 7.07£1.07Aa

Uit 7R R 0~10 7.66+0.27Ab 0.3840. 23Aa 0.2940.11Aa 0.03£0.01Aa 14.36+4.39Aa

Typical steppe 10~20 7.61£0.27Aa 0.3640.23Ab 0.1940. 04ABa 0.0240.01Aa 9.34+3.54Aa
20~30 7.57+0.27Ab 0.3540. 22Aa 0.1440.03Ba 0.0240.01Aa 7.83+£2.35Aa

1L 3l ) 0~10 7.5240.22Aa 0.8942.25Aa 0.3340. 14Aa 0.0340.01Aa 26.40£29.72Aa

Mountain meadow 10~20 7.48+0.22Ab 0.8842. 20Ab 0.24+0.12ABa 0.03£0.01Aa 18.68+21.49Aa
20~30 7.43£0.22Ac 0.8742.18Aa 0.1540. 04Ba 0.03£0.01Aa 13.45+17.18Aa

VE: BUE N P bR 22 . RRIRE F 8RR R — 2 J2 A 7] 54 2 Y i) 22 53 Wk 25 (P<<0. 05) s ARl /NG b 320 7] — B I AN 7] 1 2 1] 22 57
3 (P<<0.05).,

Note: Values are presented as mean =+ standard deviation (SD). Different uppercase letters indicate significant differences (P<C0.05) among different
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