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Abstract; The chemical structure of soil organic carbon (SOC) is crucial indicator of soil function and soil carbon stability,
playing a vital role in carbon sequestration and fertility. Black soils in various regions of Northeast China encounter distinct
degradation issues: Hailun region experiences decline in soil organic matter and erosion; Changchun region faces thinning of
the soil; Qiqgihar region suffers from loss of soil nutrients and carbon; Shenyang region deals with acidification and

barrenness. The chemical structure and stability of SOC are closely associated with soil degradation. However, there is
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limited research on the characteristics of the chemical structure of SOC in these aforementioned regions as well as its
relationship with environmental factors such as climate and soil conditions. To gain insights into the structural characteristics
of SOC and its influencing factors in the black soil region of Northeast China, this study employed “C nuclear magnetic
resonance ( NMR) technology to characterize the chemical structure and composition of SOC in soils from Hailun, Qigihar,
Changchun, and Shenyang regions, and further explored their relationships with soil properties and climate factors. The
results revealed significant regional variations in SOC structure across Northeast China. Notably, soils from the Hailun region
exhibited lower proportions of Alkyl C (30.62+0.95) %, alkyl index ( A/OA) (0.96+0.06), and hydrophobicity index
(HB/HI) (1.40+0.04), indicating higher chemical reactivity of organic carbon compared to other regions. Conversely,
SOC in soils from the Shenyang region displayed high decomposition levels with limited breakdown potential or utilization
efficiency. Negative correlations were observed between SOC, total nitrogen contents and Alkyl C proportion, A/OA, HB/
HI; while positive correlations were observed between O—alkyl C proportion and Carbonyl C proportion. Moreover, the ratio
of A/OA as well as HB/HI showed significantly positive correlation with mean annual temperature. These findings suggest
that higher mean annual temperatures in Shenyang region accelerate SOC decomposition and thus lead to an increase in
Alkyl C fraction, humification level, inertness degree, and overall stability, meanwhile, a lower reactive organic carbon
content wherein. In contrast, soils in Hailun region under colder climate condition possess higher fractions of active organic
carbon making them more chemically reactive. Under future warming scenarios, SOC decomposition rate in Hailun region
may be further accelerated. Therefore, it is imperative to pay greater attention to monitor the dynamic of organic carbon
pool, along with the implementation of measures aiming at enhancing soil carbon sequestration in this region. The findings
offer a crucial reference for the accurate assessment of SOC stability and carbon cycling in representative black soil regions

of Northeast China.

Key Words: black soil region in Northeast China; soil organic carbon structure; “C NMR; carbon stability
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Table 1 Background data of sampling sites

X3, d-gEe Al HEE(N) 2% (E) AER LR LEHREIK 27
Region Soil types Latitude Longitude MAT/C MAP/mm Elevation/m
TG IX HL hEEE 45.40°—49.15°  125.99°—127.43°  1.68+0.78¢ 529.53+23.42a 294.01+49.56a
FFFFHE IR HLIX QQ B e 46.25°—48.50° 123.30°—125.50°  2.88+0.64c 447.32+11.26b 185.79+15.00a
K&FEHIX CC AR+ 43.00°—44.64°  123.66°—125.34°  5.33+0.36b 556.37+30.96a 281.77+83.31a
ALK SY i 41.44°—42.82°  119.55°—125.06°  6.95+2.66a 670.67+231.82a  214.96+27.76a

F PR A AR EIR (n=6) , AR X 3] B AR R R 2R 25 5 135 (P<0.05) ; MAT 4FF 23R % Mean annual temperature ; MAP ; 4F-5F
PN Mean annual precipitation ; HL: ¥{&#1[X. Hailun region; QQ : 3% 5% Wy /K #1IX. Qigihar region; CC: 1% #1 X Changchun region; SY ; 4 FH 31 [X.

Shenyang region
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17 L RURER G B — Al BRETRE 0—15 om , SRAE SUZ ] ) PR L 10 km, 3 24 AR, RESNZ
JE 4 8 DL Rk S M PRAE BR T UL BIGEMAP (version2.9.6) BUZIC ¢, IR [ERR 7 g B IR RS R 27
BiE U (Chitp ./ /www.resde.en/) #EHL 2018 4E—2020 4F A 4E - Y B F f ( MAP ) AR SEEIR & (MAT)
TN BRI RE T SR FHER TJHORE ) T )5 22 3825 7 (Soil bulk density, BD) 1 H [ 45 7K & ( Field water
holding capacity, WHC) (I AE . +3eRE fhaly ML IR 2= 54t 2.0 mm G, BR300 AED 5K L S BR AT, 5 53 il
PRG5BS KT 0TI - e i FE A BRAR PR 5T, O — RSB AFTE 4 °C UKAR, T R S380A: W i 1
7E
1.3 IRV S A HLaR A 1 T E

L3 pH, L3EZE T (BD) LA H ] RF K i (WHC) 2 IR bR D7 B 70 7, SRIFIJC R S HTA ( Vario
EL I -Elementar , Germany ) Jlll i& + 3% 4> % ( Total Nitrogen, TN ) Fl 433 £.65 ( Total Carbon, TC) &1, [A] s FH S AT
PR 73 A4 (SSM-5000A , Japan ) ] & + 3 FEHL % ( Inorganic Carbon, IC) , FJ ] TC~1C 15 2 £ 3EA HLAK ( Soil
organic carbon, SOC) S ORI 4 A SR F MS3000 6 REBE A3 A RE L A 3 B A W B ik (Soil
microbial biomass carbon, MBC ) il 1 33 3 4= ¥ & % ( Soil microbial biomass nitrogen, MBN ) % F & {)5 B 7% 72 il
SE T LI-820 COL M IGHEAT R FRHAIA COL MRS , Ik — 25 1A 1 ENT I3 4 (Soil respiration
rate, SR) *" , LHERFILE = SR/MBC, AU : SR & A e I 8 MBC 2 A 9 B, S0« pg CO,-C
mg™' MBC - h™',
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pmol/mol , BREERK ) ) 7 T C AL G HR B (A B 4 43 0 T ARG RE G G ) B UK 1 L
( Hydrophobicity index, HB/HI) Fl%g 348 0 ( Alkyl index, A/OA) 2 4N Jo it 438 A5 K £ HE SOC 1Y 1k 2 45 4 4
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B0 VL E o 08t (PCA) |, LU 3 PLa 45 1 58 2 Pk 5 H AR BRAL R ot SR 1 Z (B OG 2R

2 ER55H

2.1 AR S A T

F 1 BN LMK Y MAT 5o, K35 M55 50 0 R HL X U0, A L IX B A% s MAP S IR Ak 2 57 5 0 K
DX, RS K LA IE B IX (P<0.05, 3 1) o AN [F] 3 X 22 1) A 3 A P ot 77 7 1 35 22 5%
(F2), SKEMIEPHHL A EL 1A F 57 550 R Mo X 1 i S 36 (EC) \MBN K I 3 556 (SR ¥ 8k 3% 7 5
(P<0.05,%2) . PBHHLIX SOC MITN 1358705004 (12.82+2.16) g/kg MI(1.15£0.12) g/kg, 34 . F R T
FIFFFFE R HLIX (P<0.05,3% 2) o EAb, 1A 1 DX 19 3R IR ( CO, ) b 35 & T A =N b IX, +38 pH A
K ( Clay) & EAEA R ML Z B A 22 5 (P>0.05,% 2)
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Table 2 Soil physicochemical properties

AL R X35k Region

Indicator HL Q0 cC Sy

pH 6.13£0.27a 6.32+0.11a 6.29+0.44a 6.00+0.18a
5K EC/(ps/cm) 130.64+10.67a 125.84+22.92a 120.66+8.31a 67.88+7.96b
13455 BD/(g/em?) 1.10+0.02ab 1.05+0.04bc 1.35+0.06a 0.880.17¢
M [a] 457K i WHC/ % 45.21£1.50a 47.26+2.94a 32.78+2.27b 31.19+1.51b
ALK SOC/ (g/kg) 30.46+2.74a 21.24+1.10b 15.97£2.51bc 12.82+2.16¢
M TN/ (g/kg) 2.56+0.23a 1.92+0.09h 1.38+0.10c 1.150.12¢
APk MBC/ (mg/kg) 250.71+81.41ab 368.27+22.72a 355.78+57.17a 118.95+20.37b
AP A MBN/ (mg/kg) 26.36+4.89ab 39.62+9.39a 24.42+5.24ab 12.15+3.15b
WP SR/ (pg C kg™' h7h) 499.96+82.99a 575.18+295.74a 387.72+36.28a 177.74+37.07b
MR qCO,/ (pg CO,-C mg™ MBC h™') 3.11£0.73a 0.76+0.32b 1.01+0.06b 1.30+0.30b
FkL Clay/ % 4.81+0.98a 3.23+0.61a 7.49+0.66a 5.18+2.70a
kL Silt/ % 85.65+1.06a 79.40+1.72hc 84.17+1.40ab 76.22+2.96¢
kL Sand/ % 9.54+1.47ab 17.37+2.05ab 8.34+1.98b 18.60+5.06a

TR AT E AR UER (n=6) , AR L X 8] B9 R ] 2R 36 7R 22 55 35 (P<0.05)  EC . 13/ 3R Electrical conductivity ; BD; T3 75 &
Soil bulk density; WHC ; F[E] 7K & Field water holding capacity ; SOC ; -3 HLik Soil organic carbon; TN ; 1342 % Total nitrogen; MBC ; 38549
ik Soil microbial biomass carbon; MBN ; +-3Ef A= ¥ 8% Soil microbial biomass nitrogen ;SR ; 18N 2R Soil respiration rate; qCO, ; - HENF WA

Soil metabolic quotient

2.2 A HLREEFFRE

FTF P C-NMR HARR B (545 R0, DU b X A 3845 AR A0 Joe Sk Fb Bl B iy, AR % R e 60 95
Bt B E AR WUEEBE SR FR I , M 07 A LR A LA S AR (181 2) o L e Sk B 8] 6 T FH b DX e 5 , 57
FEIG IR AR AR HLIX 55 I (P<0.05, (81 2) T3 48l ot B ik LU 4917 T A8 1l IX gy, 35 TR 55 5F
WA IR LAk BHABIX (P<0.05, 181 2) 55 F Bk o (i 4 4 75 i X d5e v, ok FH i X B 41 ( P<0.05, 1 2) . HB/HI Al
A/OA £ 4 DI85 53 8. 3% (P<0.05, 181 2) . PR FHH#LIX % HB/HI A1 A/OA {5354 (1.40£0.03) F1(1.53+
0.04) , ¥y i = T e b X (P<0.05, K1 2) ,
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2.3 GRESFERAE 5 4 3 AL R SR 22 8] Y 56 2R

AHFAEATES SR B/ HB/HIL 5 MAT MAP Y8 3 1EM ¢, {H5 SOC TN & & F WHC #4183 T 26 (P<
0.05,& 3) , 5 13 pH Jo it ZAHXME(P>0.05, 18 3) . A, ZoCmEH 587 & B, TN & 4t SOC % & \MAT LA
K WHC 2520 B 2H 2 R AE B A F0I 7~ (11 4) . SOC TN &4 54 JEhk b 1) . A/OA \HB/HI Y77 7E i 3%
TAHSCIC R, 5 P e SRk Bk b B A7 78 B35 IE A OC K R (P<0.05, 8 4) . [FIEE, MAT 548 S ik L 3]
A/OA HB/HI 775 8 3 IE A K E R (P<0.05, 81 4) .
2.4 AP R0 E WS o b

PC1 1 PC2 4351l i PCA 277 221 30.4% 1 14.8% (181 5) . TEA MRS 20 LA 28 S b V36 PCLL L
BH -5 VR4 1L DX 22 [] (R B 2 S0 25 A A7 AE B 22 57 (P<0.05) , TFF57IA/R IE S KR BEMX AR KES (K S),
PC1 A4 5 B demi \HB/HI A/ OA LUK FR IR UK Sl | H e S0 0 (8 28 fr i o0 e v, S50 FHHB IX A 56, #R
FEf IEAE AT B B =, SR L X AT 56, PC2 (4 85 F B2l % A e, HH AUkt B 7 Sl e S Bk 8y . Ah,
PC1 43530 5 MAT \WHC TN DL K SOC & 8Aa (K 5) .,
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