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Soil Organic Carbon Sequestration Driven by Pedogenesis Along Soil Toposequence in Qilian

Mountains

GU Jun'?, YANG Fei'?, LI Dechengl, SONG Xiaodongl, ZHANG Ganlin"***

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Qinghai Province Key Laboratory of
Physical Geography and Environmental Process, Qinghai Normal University, Xining 810008, China; 4 Key Laboratory of
Watershed Geographic Sciences, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing
210008, China)

Abstract: Storage and dynamics of soil organic carbon (SOC) are the results of input-output balance and soil retention capacity
for SOC, which are mainly controlled by bio-climatic conditions, and by soil physiochemical properties such as clay content and
soil minerals, respectively. A soil toposequence along an altitudinal gradient was constructed as a natural experiment, aiming to
explore the controlling factors for SOC and its fractions in the Qilian Mountains. It is found that soil parent material of this
topographic sequence is mainly derived from loess deposits. Chlorite and hydromica are the dominant clay minerals, pointing to
the relatively weak chemical weathering intensity of the study region. Meanwhile, the large hydrothermal gradient drives the
differences in pedogenic intensities within the topographic sequence. Carbonates exist in soils from the low altitude area; with the
rise of altitude, the carbonate is leached away while the contents of iron and aluminum oxide and SOC increase. Further analysis
revealed that Al/Fe- oxide was the main explanatory variable for the variance of SOC and its fractions. Partial correlation analysis
showed that once the effect of Al/Fe- oxides was controlled, the effects of climate on SOC and its fractions were insignificant.
This indicated that the effect of climate on SOC took place mainly via its influence on soil properties, resulting in differences in

properties such as Fe and Al oxides. This mechanism mainly occurs in mineral-associated organic carbon (MOC) fraction and
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make an influence on long-term sequestration of SOC. This study has great implications for understanding the preservation of

SOC as well as its responses to climate changes.

Key words: Soil toposequence; Soil organic carbon; Al/Fe - oxides; Qilian Mountains
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Fig. 1 Sampling sites (A) and some representative landscapes and soil profiles (B)
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Fig. 3 XRD patterns of selected soils along altitudinal sequence
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A SR, BRI F R IN(E 5).
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Table 1 Basic physiochemical properties of soil samples

ID #hifif %@ Wik SOC POC MOC CaCO; pH @bk Mk ik Fe Aly Fe, Al,  Fe,/Fe;

C°N) (E) (m) @ke) (gke) (gke) (gke) %) (%) (%) @ke (kg (gkg) (gkg) (%)
1 39.23 99.64 1849 4.1 0.6 3.5 118.9 7.9 225 684 9.2 8.1 0.7 0.8 0.3 10
2 3926 99.12 1985 4.5 0.5 4.8 166.0 8.1 19.0 72.0 9.1 7.3 0.5 0.8 0.3 11
3 39.33 98.88 2074 5.8 1.3 5.4 173.1 8.5 18.7 71.8 9.5 6.7 0.5 0.8 0.3 13
4 3856 101.49 2171 11.7 3.8 9.0 77.7 8.5 18.8 69.7 115 9.4 0.7 0.9 0.5 10
5 39.15 99.19 2582 7.1 1.7 6.2 152.4 8.7 177 719 104 8.1 0.5 1.0 0.3 12
6 38.80 99.94 2739 27.0 7.5 18.4 48.9 8.4 12.1 755 124 7.4 0.8 0.9 0.6 12
7 38.22 100.96 2805 46.3 10.2 37.4 9.3 8.2 188 69.1 12.1 10.8 1.2 1.6 1.0 15
8 3827 99.89 2973 333 12.4 24.2 7.2 7.8 254 627 11.8 10.6 1.2 1.3 0.8 12
9 3826 99.88 2999 385 12.2 18.8 78 8.6 433 465 102 7.3 0.7 1.1 0.4 14
10 38.27 99.88 3008 52.7 12.1 40.3 4.5 7.4 254 614 13.1 11.8 1.9 3.1 1.4 26
11 38.09 100.34 3090 76.4 28.3 46.6 3.6 8.4 193  68.7 12.0 10.5 1.3 2.7 1.1 26
12 38.28 99.89 3129 446 15.1 35.6 13.1 7.8 247 632 12.0 14.8 1.6 1.4 1.0 9
13 3826 99.88 3152 64.6 20.2 42.1 2.5 7.7 252 622 12.6 13.8 2.1 2.7 1.3 20
14 39.59 97.70 3208 19.2 5.5 13.2 126.8 8.2 15.8 723 119 7.1 0.9 0.9 0.5 12
15 39.12 98.17 3303 254 11.7 14.7 113.7 8.2 16.2 70.7 13.1 8.9 1.1 1.3 0.8 15
16 3842 99.60 3317 45.0 223 29.3 0 8.2 289 595 117 11.1 1.1 1.4 0.8 12
17 38.08 100.42 3367 37.8 6.8 30.8 50.1 7.8 16.3 689 148 10.5 1.2 1.0 1.1 10
18 37.89 100.75 3412 50.1 16.1 34.0 7.3 8.5 140 71.6 145 9.3 1.4 1.9 1.6 20
19 37.74 101.25 3442 62.8 27.7 31.3 40.5 8.5 18.7 68.6 12.7 8.8 10. 1.6 1.3 19
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gkl
ID 4% 2% Wk SOC  POC MOC CaCO, pH @k Mk Zikr  Fes  Als  Fe,  Al, FegFe
C°N) (°E) (m) (@kg) (gkg) (gkg) (g/ke) (%) (%) (%) (@ke) (gkg) (gkg) (gkg) (%)
20 38.70 99.25 3536 294 7.2 21.7 48.1 8.8 48.9 43.1 8.1 5.5 0.6 0.7 0.6 13
21 3824 99.89 3539 658 21.7 46.3 0 6.5 179 693 128 13.1 2 4.1 1.5 32
22 38.02 10090 3573 432 10.7 25.9 23.8 7.9 16.1 70.6 133 10.6 1.3 1.3 0.9 12
23 38.07 100.23 3632 455 9.6 324 2.3 6.8 202 643 155 13.9 1.9 2.9 1.3 21
24 38.77 98.63 3648 36.3 7.7 27.6 165.7 8.7 35.1 550 9.9 6.4 0.8 0.7 0.6 12
25 38.78 99.06 3667 26.6 6.4 19.3 51.8 8.9 369 535 9.6 8.2 0.9 1.2 0.7 15
26 38.71 9836 3675 83.1 34.8 42.4 16.6 7.5 21.0 663 12.7 9.9 1.3 1.6 0.9 16
27 38.05 100.22 3744 65.0 17.3 50.9 6.0 6.7 21.6 663 12.1 11.7 2.2 3.7 1.6 32
28 38.85 98.90 3780 269 9.2 17.6 30.5 8.8 479 44.1 8.1 9.8 0.7 1.0 0.5 10
29 37.88 100.78 3856 78.7 30.8 51.0 19.2 7.1 8.3 752  16.5 12.9 2.2 2.9 1.4 23
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Fig. 5 Relationships between MAP and soil properties
%2 TEEHNBRIARAS SETEMHERMEMB=29)
Table 2 Pearson correlation coefficients between SOC components and environmental variables
MAT MAP Wk NDVI pH {22 AN ¥ AN -7 A Feq Aly Fe, Al, Fe,/Feq
SOC  —0.62™ 079"  0.66"" 0.63™ -0.51" -0.15 0.03 0597 0.6l 0777 0737 078" 070"
POC  -0.55"  0.67" 056" 044"  -038" -0.17 0.07 0.517 050" 0617 058" 0617  0.56"
MOC -0.59™ 0.80"" 0.65 064" —0.60" -0.16 0.03 061" 0707 086" 0.807° 086" 0.74""
e ox, e e RRTE P<0.05. P<0.01, P<0.001 KR EHE; T,
3 TEANBRIARAS SESIERFZEMREXREE®=29)
Table 3  Partial correlation coefficients between SOC components and climatic variables
ST AR Faifil s
EWr pH ki ki Fiki Feq Aly Fe, Al, Fe./Fes  All
MAT socC -0.62""  -0.53"  —0.64"" —0.64"" -048" 054" 038 -0.517 -048" 053" -0.18
POC —-0.55™" -0.48"  -0.58" 058" —0.41" 046 -0.34 -0.42" -039" —0.44" -0.19
MOC —-0.59" -0.48"  —0.61"" -0.61"7" —0.42" -0.50" -0.27 -0.46"  —0.43" 048" -0.18
MAP soC 0.79™ 0.73" 0.80" 0.81™  0.66™ 0.67 053"  0.63" 0.40 067"  0.38
POC 0.67" 0.60™ 0.66" 0.67""  0.51™ 0537 0.42" 0.48" 0.35 0.51" 0.21
MOC 0.80" 0.73" 0.80" 0.81™  0.65™  0.65™ 048" 0637 0.26 0.677"" 035
e EOCEREN A RS AN R HITA LA R 5 09 A 5% 250

BT ANFEZ I X B 58 51 A — 30 A X R
YILLK BRI AT A T, Ha 7 DX R R AL R
FERCSS AR L, X 2R th Tt IXORR I, 4R
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Fig. 6 Variation partitioning analysis for SOC components
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