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Thermal stability of soil organic carbon at different elevation on the western slope

of Helan Mountain
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Abstract: Understanding the thermal stability of soil organic carbon ( SOC) facilitates interpreting soil responses to
environmental factors, comprehending SOC stability, and its thermal dynamic characteristics, thereby revealing the impact
of environmental elements on the carbon cycle. This study focuses on soils at various altitudes on the western slope of Helan
Mountain, analyzing soil physicochemical properties, base cations, thermogravimetric (TG) curve characteristics, thermal

stability parameters, and drivers of thermal stability. The results indicate that, with increasing altitude, soil
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physicochemical properties generally show an increasing trend, except for bulk density ( BD), pH, and available
phosphorus ( AP) ; base cations are mainly concentrated in lower altitude areas; the mass loss rate reflected by the TG
curves increases; derivative thermogravimetry ( DTG ) curves exhibit a bimodal trend at mid and low altitudes and a
unimodal trend at high altitudes; the temperature at which SOC mass is halved (TG-T,,) is relatively higher at mid and low
altitudes; with increasing altitude, the ratio of SOC decomposition at lower temperatures to total SOC decomposition ( Exo,/
Exo,) gradually increases, while the ratio at higher temperatures ( Exo,/Exo,) decreases, indicating higher thermal stability
of SOC in soils at lower altitudes on the western slope of Helan Mountain; the correlation between physicochemical
properties and SOC thermal stability is significantly stronger; soil organic matter (SOM) is the dominant factor affecting
SOC thermal stability. In summary, SOC thermal stability on the western slope of Helan Mountain decreases with increasing

altitude, with lower altitude soils containing more heat-resistant components and being relatively more stable.

Key Words: soil organic carbon; thermal stability; elevational gradient; base cations; Helan mountain
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AR+ AES R R B A EEE L, SOC WA E M2 ZF R R M52, G451 32 AEw Ay |+ M p)
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FREVEM T RIS S

1 #RERHE

1.1 BF5 XORN R R 4

B A 7 R S R R R AR LT IR B AL Hh T Ll B 0 B A2 2% RR IR I BRI R Vs T
2% L kR A A R TR T DS A M R A ) A SRR O B bR [ AR 1) PG TR T R VAR A e 4
R, AR R LV B AR RS 5 V0 b 3405 o -8 LI B A 8, R WETG3K 3556 m, AR SR EL Al I ) B
VR B AR AL, I 38 TR0, KREUR R+ A5+ R 1 DA FEE N A 0 IR H R,
FEWH 60—70 d, SR -8 C |, AFEREK TR 420 mm, 4AE17E & & 2000 mm, H [ 4L 7E 6—8 H, 15
SAFRRIKE ) 60%—80% ), 1ZHLIX ST 5 MBI, J2 T BRI K ERMA S R G R AR

ARWFFET 2021 4E 8 F  ZEN S B 22 10754K 1848—2664 m Z 1], e MU EAG A e ki 7 R s 35 SR bhoA
BRI, A3 TR A R (HM) KA (HY ) FEAR (GM) (RARIMARAR(YS) (K = A2 FIMANE AR (HY) (5
IR (QH) Al LA (CD) |, 7R M N R 2R 8 S MR ERE AR R B, ZRAMRE HL 26 B 20 mx
20 m FEARFETTHEIL S mx5 m, FEHIAEHBIENL | mx1 m, 7ERRARERE MR AL, 2Bk w0998 %5 4, A 1
FBRECRAERZ £ (0—10 em) FHRA, BG & TR MY H B4 S50 %, R BR -8R S A PIR &
AraHed 2 mm fi 705, B SRR T e bt i | 503 2 7 F0 - R Al 52
1.2 AR

FKE(SWC) FHE(BD) BEFLBE (CP) R I IAE A 28 S UL T FR E A s 22 (TN) 2R H
LG AR 5 485 (TP ) SR FH HCI0,-H, SO, ZMIN#AIH 7% AN O BEVE I AE 5 20 8 (AN) SR FH B 4 ik
PAZE ;AR08 (AP ) SR R GBS 3 40 B A 5 ; A LT (SOM) 2R FH 7 4% i B U fL A AL D 2 5 pH
KA pH THIUSE (K H2.5:1) P00 ) 8tk Na® (K" \Mg™ Rl Ca™ SR 5688 1R FH R B B e bkl 1 Y
1.3 #ES T

SOC #H 43 Hr{di ] STA 6000 #3HH Y ( Perkin Elmer, Waltham, USA) ,#% 18 Plante %57 25 (043 )5
FHAT TG 78T, FES BT Z 80, B R AR v 205 99.9% Y 4R X $4 /I HE AT A o . B 20 mg XU 38 i
2 mm i T LFRIA BAR RO T AT A 3509 AL O IR SR 5 LAFHREEOR A 10°C/min 3 17,
BRI TR AR SR (30 mL/min A% 520% O, R N, F487) 110 mL/min N, PE R -G
1.4 Hdab

FRAE AR T AE TG A1 DTG i 2 ny a3 il 35551 R0) 70 1 A58 404 Exo, \Exo, Fl Exo, B H 43
i, AWFSOKG IR 2 0 = AN IRV FLBE, REE TR 29 200°C | > 200—350°C F1 > 350—550°C , 7 Ho i,
>200—350°C I B ) o B8 2 2 ( Exo, ) AlT>350—550°C 1L BE Y I 4 2k £ (Exo, ) 43 MR R B WS a2
PEARTF) SOC & it ( BVEARIR B 43 T SOC AR R EE 43 T SOC) o T Exo WUJZ Exo, il Exo, ZFl, &35
W5 RO 496 MLa & B AR 1 K I 2R B 48 b

WS R AR IR BE A0 R (i) SOC & 5 B0 SOC & HE (Y FLE ( Exo,/Exo, ) A IR E T
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M (T RER) (P<0.05) ZE 8/ i fngeit, i Origin 2021 X8R IEAT AL & 20 M FZ2 ] TG DTG FIAH M
IESE fdi ] CanocoS.0 #4704 HT (RDA)

2 GR545H
2.1 AN[EDEER SRR A e T R AE
B2 PG SN [ R R A A B 22 5 (P<0.05, % 1), N 1 hafIE W, MG Ik E
Th, &ACR BELBEE 2R EAMA VLR S ERAEIT S BEMN pH &8 2 P iR a3y, i
ARG O S A A TR 2 [R) AR A AN &
F1 RS HREAMR

Table 1 Soil physicochemical properties at different elevations

K ERES RE BELRE ER E A AR AHUR
Altitude/m SWC/% BD/(g/cm®) CP/% TN/ (g/kg) TP/ (g/kg) AN/(mg/kg)  AP/(mg/kg)  SOM(g/kg) ol

1848 0.83+0.25d 1.43£0.13a  45.27+0.03bc ~ 0.63+0.16d 0.49+0.05b 14.19£3.29¢ ~ 19.83+3.80a 8.71x1.87¢ 7.96+0.16a
1905 2.68+0.46¢ 1.30£0.20ab ~ 47.87£0.07bc ~ 1.05+0.03¢ 0.41+0.07b 11.47+2.14d  19.49+1.75a  15.56+1.26d 7.72+0.18b
2134 3.18+0.60c 1.1940.09b  50.61+0.02bc ~ 1.54+0.32a 0.71+0.09ab ~ 19.64+1.80ab  18.44+1.68a  17.30+1.16d 7.54+0.12bc
2150 11.12£2.29b 0.94+0.19¢c  54.93£0.03ab  1.39+0.29ab  0.65+0.13ab  18.53+1.68ab  18.48+4.44a  31.19+5.16¢ 7.37+0.17cd
2160 3.89+0.72¢ 1.25+0.18b  41.27+0.18¢ 1.13+0.15¢ 0.56+0.12b 17.24+1.08b  16.25+2.00a  30.34+2.74c 7.58+0.13b
2635 16.75+2.89a 0.67+0.09d  61.86+0.03a 1.21£0.09bc ~ 0.69+0.14ab  20.44+2.85a  17.67+4.0l1a  49.81+4.38b 7.33+0.19d
2664 15.11+0.78a 1.00£0.05¢c ~ 54.36+0.02ab ~ 1.41+0.20ab  0.87£0.49a 18.28+1.27ab  19.16+3.63a  61.49+4.91a 7.18+0.29d

FPEUEY NG bR UERE (n=5) ;RN FRFRRE 57 B35 (P<0.05) ;14 Alitude/m; SWC; H3E K% Soil water content; BD; Z T Bulk density;
CP. BESLIE Capillary porosity; TN 2% Total nitrogen; TP 4 Total phosphorus; AN Z A Ammonia nitrogen; AP 5% Available phosphorus; SOM AL

# it Organic matter content; pH: FRBH/E Potential of hydrogen

2.2 KN[ApfER AR I R

AR AR LB T an3R 2 PR . DAER 2 TR AT DU H B 22 110 PG i 45 T R R B B8 T A7 WA e i 8 AL RR
o BEVEEPR R R LT B (K) B RSB L T PR AR S 7F 1848 m MK AR 51,2134 m MR AAIR;
55 (Ca) B2 LI EREIRESE H 2 225 50 (P<0.05) , 7€ 1905 m W3R 25 T H A 5
(Mg) B FIJCHH W AR AL LA s 4 (Na) B T BB IRAGG BT %,

®2 ARBERIEDREET

Table 2 Soil base cations at different elevations

R fy 5 & Hy
Altitude/m K/ (cmol/kg) Ca/ (.cmol/kg) Mg/ (. cmol/kg) Na/ ( cmol/kg)
1848 21.31+0.32a 28.28+1.42¢ 11.72+1.18ab 13.07£0.22a
1905 18.41+0.96b 62.41+0.86a 13.30£1.43a 11.10£0.19¢
2134 16.41+1.31c¢ 53.89+5.17b 11.95+1.65ab 10.66+0.59¢
2150 19.13+1.39b 16.60+0.92¢ 12.14x1.31ab 12.47+0.49b
2160 19.53+1.05b 22.40+1.38d 12.51£2.02a 12.60+0.28ab
2635 18.83+1.10b 13.65+0.74f 11.21x1.15ab 12.32+0.52b
2664 18.45+0.91b 14.68+1.08ef 10.28+0.72b 11.18+0.59¢

2.3 OR[aiER A 2R

B 1 AR RN REAR A MU R AR 20—812°C NI TG #i £k, Ir A a4k 38 TG ik HA AR AR 1k
B BB E IR BT, IR HLERAR X BT 2 I Rk ny a5, B AT UE Y [F]— IR #8 T 1848 m
1905 m F1 2134 m HFHR 20 3408 APREL/N ;2150 m 2160 m 2635 m 1 2664 m MR i 451 2 i % T [
s, BRI, PRI 1848 m 1905 m 2134 m 2150 m F1 2160 m & EEFE 200—700°C H BEHH &A% 2% 5
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Fig.1 The soil thermal gravimetric curves at different altitudes

TR

HM: FE#i 5 R Desert steppe; HY JKMil Ulmus glaucescens stand; GM: ¥EAR Amygdalus mongolica stand; YS: KIRIMAAMK Pinus tabuliformis
stand; HJ: JRZCHK Mixed forest; QH: H =2 Picea crassifolia stand; CD: 7L %ifa] Alpine meadow

N [R1EHE 1S3 HLBRAR X B 7E 20—812°C AW DTG fhiZk (8] 2) , S B0 1 W e T s L B 401 2 R 1y
Ak #aE, DTG M FIARE: TG th<R F B &0, I DTG I H Al & Y, 2022 1L [R) I3k R s BT A 38 MLk
{14 o F 401 2 S SR AE N P e A A R A W A 5 R 8 AR 450 A R 8 AL, B R T v, A LR o
P R AEAR IR 1848 m (1905 m Fl 2134 m A5k —F, 5 XU #4371 H BEAE 20—300°C F1 300—600°C i
JEE 1K [E) 0 L5 4k 2150 m 1 2160 m AR b 35— B, SRR 3, 431 H BLAE 20—340°C Il 340—650°C ; =i
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Fig.2 Soil thermal gravimetric weight of differentiation curves at different altitudes

2.4 AR+ EEGEE NS

TG-Ts, TEHFHK 1905 m fieisy , 2160 m Feflk, FfE R0 BE I B TH TG-Ty, 5 LA i J5 IR0 & 10
PG R R IC R (8 3) o BB BTt Exo,/Exo, Ml TG-Ty Z R R (K 4) .

I A R B [ A A8 Ak | AS [R) 4K 3 Exo, \Exo, Fll Exo, , ¥ 23156 ETHE T MR B T+ 78 (b i
(ES) o AR, B R E A T SOC & A THAREE 4 T SOC & ik, BRI Tt , Exo,/
Exo, Fll Exo,/Exo, S BB b 1 #a3 | Exo,/Exo S IEW T EH (K 6),

2.5 HEA B E PR KR ST
P 7 o 1 2 L P AN [ 3 i - 9 A |k 3 S 1 RN AR 4 BT 22 B 1 OC R L% Exxo, L% Exo, (%
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Exo, \Exo,/Exo0, \Exo,/Exo, .SWC .SOM 5% FExo, ,% Exo, .% Exo, , Exo,/Exo, Fll Exo,/Exo, 2 [A] & B i 3 1F A
% (P<0.001) ; Exo,/Exo, ,BD ,pH ,Ca 5%Exo, .%FExo0, % Exo, ,Exo,/Exo, I Exo,/Exo, 2 [A] 5 S .3 77k 5%
(P<0.001) ;CP TN TP . AN 5% Exo, .% Exo, .% Exo, . Exo,/Exo, fll Exo,/Exo, 2 [8] & 3 1IE 1 & (P<0.05) ; Mg
5%Exo, % FExo, . %Fxo, .Exo,/Exo, fl Exo,/Exo, Z [A] i & A< ( P<0.05) ,

410 L 410.0 . .
409.5 . .
_ — — P L . [
‘%( 408 - —— E\E_ 409.0 L] - " L] [ -l ]
m T .
20 406 | 3% 4080
7H- \.,9, W = n
é & B 40751
[—1
X 2 404 fg 407.0
E 2 4065} -
= a0l '
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: . BARIELJE 43 R A LB 5 S A BLER Y b 15
WEHMBE Altitude/m Exo,/Exo,
B3 RRERLEENBI R HORE(TCTy) Ed4 REGE TR SRR X 547
Fig.3 Soil organic carbon decomposition temperature at Fig.4 Correlation analysis of thermal stability indicators of soil
different elevations (TG-Ts,) organic carbon at different altitudes
TG-Ts,: SOC Jo5 YR D — 2 B Y IR B The temperature at Exo, : AR 4y fit A8 MLk Organic carbon decomposes at lower
which the SOC mass is halved temperatures ; Exo, ; MR ML Total decomposed organic carbon;
Exo,/Exo,: AR IR B i N A WLk A Bk Organic carbon at
lower temperature decomposition/total decomposition of organic carbon
6| B o, a 1.2} [ Exo//Exo,
B Exo = I Exo,/Exo;
2 |5}
= < L Exo0,/Exo,
%,05. [ Exos §1.0 [ Exoy/Exo;
SRC b P
2 g 4t b 2 _§ 0.8
T pulk
41 © 3 c ¢ a a2 06
% ‘-é r d a % g
25 ¢ b 5 04
= o
'S 2p ot . c b E
3 f el | g < 4d S o2
Lrg e o
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- 1848 1905 2134 2150 2160 2635 2664
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Fig.6 Ratio of organic carbon content at low temperature

E5 AEBRIBRESBTEIB/ SESBTAEIR 2
BENKRSE

Fig.5 Organic carbon content at different altitudes under soil . . . X
. . . decomposition in soil at different altitudes/organic carbon content
low-temperature decomposition/organic carbon content at high K . R X
) . . at high temperature decomposition in soil/total decomposed
temperatures under soil decomposition/total organic carbon K . i
organic carbon content in soil

Exo,/Exo, : F 5 B4t N8 HLIK/ S 53 % ML Organic carbon
decomposes at higher temperatures/Total decomposed organic carbon;

Exo,/Exo, : AR I BE 43 i T A HLBR/ 8w i BE 43 i A ALK

Organic carbon decomposes at lower temperatures/Organic carbon

content under soil decomposition
Exo, : B R 43 f# N 45 HLEK Organic carbon decomposes at higher
temperatures; A [R]/NG FEEF R 2 57 8.3 (P<0.05)

decomposes at higher temperatures

— R TT4 0 HT (Redundancy analysis, RDA) #5751 388 A M o 1 5L 35 i 7 X0 40 AH S 48 Bk 119 5% i)
(¥ 8,72 3) . RDA1 Fll RDA2 Z3 il fift B 1 1 438 AL P 0T S 6 5L 25 X5 SOC #As s M TTHk R 19 73.48% FlI
24.72% ., Exo,/Exo 5 pH K Mg AP Na Dl J& BD IEAHE, 5 SOM AN SWC TN DL K& CP i AHE; TG-T, 5
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Fig.7 Analysis of the correlation between soil physicochemical properties and salt-based ions and thermal stability indexes
SWC: +3EH7KH Soil water content; BD: % 8 Bulk density; CP: B4 fLPASE Capillary porosity; TN: 424 Total nitrogen; TP . 4 Total
phosphorus; AN: 2%\ Ammonia nitrogen; AP 75 % Available phosphorus; SOM: F #LJfi % & Organic matter content; * ; P<0.05, # * ; P<
0.01, ##*= ;. P<0.001

AP .CP TN SWC Mg.K X5 pH.BD Na SOM AN ﬁ*ﬁ%;Exoz\Exol \Exo, \EXOI/EXOZﬁI Exol/Exoll—ﬁ
AN . SOM SWC TN CP 1EAH3¢, 5 AP Mg K .pH .BD Na A5G, H15& 3, & 4R ZE g B e K H P {H
/IR SOM (P<0.05) , 228 SOM 2520 -3 Fa e My 3 %,

®3 REEFNIEAREREFNBRENEEHREER
Table 3 The explanatory power and significance test results of environmental factors on soil thermal stability indicators
HEEH T fil R " P BT it 2 P P
Soil factors Explains/% Soil factors Explains/ %
AL SOM 66.1 64.2 0.002 43 BD 0.4 0.5 0.606
£ Na 4.5 4.9 0.01 pH 0.5 0.6 0.562
R AP 2.3 2.6 0.1 A AN 0.4 0.5 0.554
B Mg 2.2 2.6 0.094 K SWC 0.4 0.5 0.61
#1 K 0.6 0.8 0.486 BB cp <0.1 <0.1 0.942
2R TN 0.9 1.1 0.348
3 itig

TREAAC oA JRE X 9 PR P ORI 32 2 1 A S
MR B — A EE B RS Il R R pH AL A PSR R SRR B 1, Ak

3.1
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Fig.8 Redundancy analysis of soil physicochemical properties, salt-based ions and thermal stability indexes
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