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Abstract: [Objective] Aliphatic acids are widely regarded as one of the most recalcitrant and stable components
of soil organic matter, and their abundance and molecular composition provide molecular-level indicators for
assessing the extent of soil organic matter decomposition and accumulation. Therefore, elucidating the dynamics
and controlling factors of the relatively labile free aliphatic acid fraction in soils is therefore critical for advancing
mechanistic understanding of soil organic matter degradation under long-term agricultural cultivation, particularly
in the black soils. Thus, this study aimed to characterize changes in the content and composition of free aliphatic
acids along a century-long cultivation chronosequence and to identify the key environmental drivers regulating their
dynamics. [Method] Soil samples were collected from a 5-100 year dryland cultivation chronosequence in the
Sanjiang Plain, Northeast China. Changes in the concentrations and molecular characteristics of free aliphatic acids
during soil organic matter depletion were quantified. Random forest models were applied to assess the relative
importance of soil physicochemical properties in regulating short-chain and long-chain aliphatic acids. [Result]
The results show that long-term cultivation markedly reduced soil free aliphatic acid contents, with a 58.4% decline
from 5 to 100 years after reclamation, substantially exceeding the decrease in SOC (47.6%). This indicates that free
aliphatic acids are more sensitive to cultivation disturbance than bulk soil organic matter. Prolonged cultivation
induced pronounced shifts in molecular composition, characterized by a 43.9% reduction in the relative contribution
of short-chain aliphatic acids to SOC and a concurrent 30.2% increase in long-chain aliphatic acids, resulting in a
significant increase in average chain length (ACL). After 100 years of cultivation, unsaturated aliphatic acids in
black soils declined by 80.2%, accompanied by a significant decrease of 17.7% in the carbon preference index (CPI),
indicating intensified decomposition losses of plant-derived aliphatic acids. Collectively, these molecular-level
changes demonstrate a progressive enhancement of soil organic matter decomposition under conventional straw
removal management in the Mollisols. Correlation analysis and random forest modeling further demonstrated that
the rapid depletion of short-chain aliphatic acids was mainly driven by reduced availability of labile carbon substrates
and enhanced microbial decomposition, whereas long-chain aliphatic acids were preferentially preserved due to their
higher chemical recalcitrance and association with clay minerals. [Conclusion] Enhancing external organic matter
inputs, such as through straw return, may help replenish labile carbon pools and mitigate the progressive loss of
stable soil organic matter fractions. Overall, this study provides new molecular-level insights into cultivation-
induced soil organic matter degradation and offers a scientific basis for the sustainable management and conservation
of black soils.
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SRS o RS S A O RN IR IR BE 0 AR IE AT AT AR — R A4 AR, BT
HEWT T AU FRIR L R, EEAFEAMANENIRRAE (CleantCisis)s T
TEE K (Average chain length, ACL). KBEAR 1RG5 50 55 AR I BR i LUAE . Bl 348 4L
(Carbon preference index, CPD) 5. ANHIFIIRIIMR & ZRVE T W EEE AN, ] i
PR, DRI AR G 5 200 5 o 70 A A S 14 SR T PRI e ACL T 3R AE T 107 R B AR B K 40 AT
FRIEs —MONR, BEE TN IR, 2 BEfR s AR I iR /b, T AR X A2 e K
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R, R YERHE S R D T A G i R pR B, v] R R R IR R R AR RO
FEARIR B R PE A S, IR IR () AR AZ IS ()75 2 25 A8 KB, k22 254 b i PEARFAE A8 75 15 105
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1.1 FAR XA

MAXERRITAFEELENZ (46°20N, 132°12'E), fi T =ILFEEH, %R
i KBRS E, WAER, 5 4.6 °C, FBIFFKE 508 mm, FFKEHT 6-8 H.
LB DY AR BEUR B AL, 7EEE USDA 353K R4 18 Mollisols (IRt
P, LIERAESFAE L, KEWNREANER, FEEVAEK (Zea mays L), &
YEFIRE (7R 65 em. #RER 20 cm), 7E 5 BN, 10 H FAWGE: BERETEMIFREAT 45
BHARH, AEEMEZE. ERUEAERNE, FYHEZN N 200 kg-hm?, P0s 75
kg-hm?2, K20 60 kg-hm?,

FEIFBAAAT, X RREH, AN (Phragmites australis) FI/NiH 2

(Deyeuxia angustifolia) %5 C3H¥). R KIGTZ 100 57, FLE 20 tH4 50 F£485 90
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SERTE R T B . T IF RAERR BN, WA AR T3 RE A & 2L it
B, %X ERIER T BRI 0~100 SR8, AT B S i K
EEERIA T, BAEAYUTGE R T H AR R IR,

1.2 HIEMRMRES ST

WEFCEREHIFEIR A 5. 204 30. 65, 85 F1 100 FRH, 7 HIEHE LB 2
TARHFE, BB ERER 2 ok H, FImIEE 12 MR EENTE . P A TE
I8 10 km PR — SR IC, HERIEEDN 40~60 m, HUETIH, HhSURROE R BHE R B
it —5 NI HEAE R RIS, T 2019 4E 5 A T KB MG AL AT RS L3RRS . AR
FHFEHBEE . 4 1> 50 mX 10 m FERFEX R, AN XEBEHLIESE 15 4> sfr, HEAEA S em [
THEIRERZE (0~20 cm) LIEFEG, RN —DEERES. FERAEISRSERE, ZRHE
VIR G Gt 2 mm 0 J5 40 =4, —EB o TR T R S, — R AT 4 °C
T L3EAEA B (DOC) R AR (MBC) WlE. thah, 7EHEHH TR
ERZEFNE LEAE (BD).

358 pH I ) 45 1:5 oKW E . BIEAPLR (SOC) Fa% (TND & & A
43HT4X (Vario Max CN, Elementar) M. B (C/N) A SOC 5 TN F&EE .
B FREREEIE. IR ET 0.45 um JEME, FBRE 2 HT4C (Multi N/C 3100,
Analytik Jena) #ll5€ DOC & . H 2mol- L' &ALHF LA 1:10 TR LLR IR PEB i 3%, A
)54 (Sant++ System, Skalar Analytical BV) M@ &RMMESE S E, ~HMNEL
BIHA (SIN) Fi&. FEEDAY) RS BB PENE . T35 HOs R 4
M 5E -

1.3 FERAERRYEREN SIME

JE 0 B T - 498 v (1) B DGR AR ADUAH V35 B U], R34 HE AR PR SsB 3E IT , A A P — U e
AR HEE AR 11D gl B EE T RS0, AR R . BRI 60 H I AR
F T TR BERORA, A& R, B E S0, W RER, BRI B R
Ho o PR S BRSO AR b/ RER A TSN, EE FIASE. B 3K
U BIBWAE G, IMAEERIEMTIURER (Cio) 1EANR, FIER 2 RACKE IR
FEEZEKR. MG, HIECK-FEORA oA 2B FAk R I, FR e i e 2
2mL s, 7E 20 °CHMF FRER . fEEESITHT, FARERARTE, 5=HE
TR = O W (BSTFAD FIMLREIRA, 1 70 °C FHATATA, WEIEHHrE .

JE W7 R 1 7 = 0 B K F S € 1% — B B FH 4. (Trace 1310, Thermo Fisher Scientific),
# F§ DB-5MS 6 ik CHEK 30 m. 942 0.25 mm. )2 025 um) 70 EATAEY . i THE
FER A WIRIRE 65 °C 1HE 2 min, A5 LA 6 °C-min"! FHEZE 300 °CIRHF 15 min. A
FEATZS, WIEA 1.2 mLminte FUERMZERAH ELE TR, T/EHRENR 70V, JEFH
Y6 50~650 Da. NI FREREE KB 3 AR UG RHE 7 75 Tl (m/z) RIAEFR RDTH
H R AR AT S e, ARARIR R m/z ZE{E R 281200, [R] I &h A SRR ot (R B B ) EA T
BOAE, BERREEIEA, WA ILE AR EAE b OR B I TR PRI 0 o A 8 0d i 5 b v i &
NIST Jst it 22 i B LU e AT AN, A SRR AE B8 1 DT IC B AN DR B I (8] — 350, 7N 28
SHT. REWIERIE LA CrofENE RN bR T 2 & .

JEEANEITE & B A Crers Cisa 5 Ciso BB LA NEITER T30k FE KA ACL #
WAl 8% CPT HIH A U R

ACL =X (D
Xxn
A, x B EAn MR, nBUETEHE 16~32.
CPI = 1 x % Ca0+22+24+26+28+30 + 2 Ca0+22+24+26+28+30 (2)
2 Y. Cro421423+25+27+29 % C21423+25+427+29+31
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1, Caosa224426428+30 T CootCantCastCastCastCaoo
1.4 RS

HAEIHAE RIET vA452 T, MBI ERTTZ0 T (ANOVA, P<0.05) WA
BIAEIR LI RRITIR & & SR 2 e BV B Pearson AHKME (P<0.05) 73#r
IR & E ANV S LB R T R . AT BREUE R 22 7150, R scale B
BOAS R B i 7 R 7 /2 e SOC #HATAREALALEE (AME N 0 HZEN 1), TESLEER BT
AFETREENENITR S SOC Z ALk B3 73047 o L BEHLARM (Random Forest £, P<0.05,
W EMPIEEY 100021 PPAL & HR A0 R 750 T BE NG IDT IR H0 8 R 1D BR AN -3 B B K FE A
LA BB (7R %, %IneMSE). ATrE 2 KM “ggplot2 7 5E .

245 B

2.1 HIEBUMHRAT

BEE AR, SOC 2R FREH (R D. #HFh 100 SR H SOC & &5
Fh SEERKT 20.1 g'kg!s FRIEIE 47.6%, FHTFRFEF N 021 gkg'a's HAp, A730FETF
Ff o NitaE, ERIBEEN 0.5 gkglaly 10 30~100 EHAE] T BEEA IR, EXFEN
0.11 g'kg'-ale 3% DOC [FIFE 2RI E TRES, HTREEERT SOC (& D. #HFh 100
)5, DOC &R T 37.5mgkg!, FFlRX 48.8%. 5 DOC A, +3E MBC & = Ff#
FEPRZEEERN (R 1), HEFF 100 /530 T 180 mg-kg !, MRl 5 4 HIFEIIFIE 170%.
Hodr, B 30 AERGIE SRR S, A 90.2%, EXIINEZRN 3.72 mgkg!l-al; 30~100 4E W]
HTRTHER R 44.3%, FIHIEINEZEN 1.24 mgkg'-a's

& | TEHMERELIBUMR
Table 1 Physicochemical properties of Mollisols under different cultivation years

FHAnAEIR 7 & Bulk density

Cultivation year/a pH fg-cm™) Fiki Clay/% Bk Silt/% Tbki Sand/%
5 7.31+£0.06a 1.00+0.02¢ 38.4+0.7¢ 43.2+0.9a 18.5+1.3a
20 6.17+0.06¢cd 1.09+0.02ab 51.0+0.9a 39.8+0.8ab 9.2+0.4¢
30 6.42 +£0.06bc 1.04+0.02bc 44.5+1.4b 38.5+1.6b 17.0£1.1a
65 6.2340.10bcd 1.06+0.02bc 47.4+0.4b 39.7+0.2ab 12.9+0.6bc
85 6.00+0.03d 1.16+0.02a 47.24+0.5b 38.2+0.8b 14.6+1.3ab
100 6.53+0.10b 1.03+0.01bc 46.1+0.6b 41.24+0.6ab 12.7+0.7bc
BRI A )Rk VAR LB TFEH K soc TIETHUA SIN
Cultivation year/a MBC /(mg-kg™) DOC /(mg-kg™) N(g'kgh) CN /(mg-kg™)
5 103+14c 76.8+2.4a 42.3+1.6a 12.8+0.1bc 7.60+1.2¢
20 158+5bc 60.8+1.9b 31.1+1.0b 12.7+£0.2¢ 41.842.7a
30 196+5b 56.6+£2.1b 29.8+0.5b 14.8+0.2a 31.5+1.4b
65 257+18a 35.51.9¢ 25.4+0.7¢c 14.2+0.2ab 25.8+1.9b
85 257+11a 34.4+1.6¢ 21.6+0.3d 14.2+0.5ab 23.9+£2.5b
100 283+24a 39.3£2.6¢ 22.240.3cd 14.7+0.6a 23.0+2.3b

e CPIMEEARE R B F R AR NS T RN SRR IR ] 2 2 3% (P <0.05). Note: Mean+SE; Different lowercase
letters in the same column indicate significant difference among cultivation years (P <0.05).
2.2 KHARH I TN TIEBERER S E SHHIET K

MBI KEEMRIIEE (Ca0~Cx) HHFENENITR (Cie~Cis) fE LI EELR N INE
la—& 1c iR, =HZALIEE 58 5.07~12.2 mg-kg ', 2.24~3.74 mg-kg! F12.51~8.5 mg-kg"
L SBERR IR K R R T RS DR S RN, EEME, ZE SRR
e EH = BMRAR O R BERE R (70.3%) SRRIER (58.4%). KBENRIIIR (31.6%), Ji%E
RERTBR PR T i K. SR, Ml SOC MUAHNT & ERAE, — 3 3R B H AN [R] 148 A
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(B 1d-K 1D, iR SOC MIAEN & &2 Sk TS, HHfh 100 45 Rt FBFL
21.3%. FEENRINIER & SOC HIAX & &2 F I AR, BRilFEiRiE 43.9%, HAHT 65 41
B IR (FRIE N 39.8%, 48 RN 1.34 pg-g'-a' C), Mg 35 Fitase (FFIRICA
6.78%), FEMk R AL IAFE. M, KEERRWIEL & SOC MHXT & & 2 R E T mas (3
& 30.2%), BAFEFERS) CUnPbFh 20 SERTREFw, 2 30 FREEHVD, {H 30~100
FERFLE BT RSN 036 pg-g! ©), ZEHFN 100 Fix e mE (116 ugg!' C ).

a) b)

[

B NG TR
Short—chain aliphatic acids/(mg-kg")

=y
Total aliphatic acids/(mg-kg™)

0.0

KA MR I R
Long—chain aliphatic acids/(mg-kg")

5 20 30 65 8 100 5 20 30 65 8 100 5 20 30 65 85 100
AR IR PHAPAEIR BERPEERR

Cultivation year/a Cultivation year/a Cultivation year/a

d) €) Ry

)
G
S

v
S
S
)
S
1=

@
S

SRR
g

Short—chain aliphatic acids/(ug-g'C)

>
3

Sty
Total aliphatic acids/(ug:g'C)
w
g
2

o

5 20 30 65 85 100 5 20 30 65 85 100

BEFIAE R BERhEE IR BERhAE R

Cultivation year/a Cultivation year/a Cultivation year/a

5 20 30 65 85 100

Il R Iy
Long—chain aliphatic acids/(ng:g'C)

Ve BIRREARAER: RN FER R BRI R 8% (P <0.05). FIi. Note: Error bars represent the
standard error. Different lowercase letters indicate significant difference among cultivation ages (P < 0.05). The same below.
B 1SRRI B SRR . CBEIR IR AL BE IR TR & 8 (a—c) DAL I HUBR A &5 &

(d-f
Fig. 1 Contents (a—c) and relative proportions to soil organic carbon (d—f) of total, long-chain, and short-chain aliphatic acids in
the Mollisols under different cultivation years

KA i TR 5 I M P ) LU BB P S BRG n  S22% THim (J&1 22), R ALV
N 0.44~1.02, BEFF 100 SEEBEHR 5 FIGIREIT 130%. ACL JRBEBHFEF RGN 5 2 4 i
(I 2b), FEBFRR 100 4 RHER 5 ML 8.77%. SUbAHR, CPI 2ZW T (18
2¢), EHHF 100 FEIFFEIRIL 17.7%. IRMANIRITIR & 2 BEE B A IR I 22 225 T i
o BERD 100 SEEBERR 5 TR T 80.2% (18 2d).
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MRS & (d)
Fig. 2 Ratios of long- to short-chain aliphatic acids (a), average chain length (b), carbon preference index (c), and unsaturated
aliphatic acid contents (d) in the Mollisols under different cultivation years
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c) d)
= 21+ ° ° »=-0.0616x +21.86 5 35 F el
‘5'0 !a [} R*=0.48, P <0.001 g - ®
Bs Y 5 A « 2
ég 207.9 g £530r ‘et ®
2 3 ~
&S ° ’ ) ° t@& s o5 g Y=0.025x+2.15
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19 ° g 25¢ °
"2 ® 2 °
< °® o‘e °
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IR PR T ALK
Soil organic carbon/(g-kg™") Soil organic carbon/(g-kg™)

K3 B BIEIRAN SR (). KEEMRRAEIEIIRILE (o). FHBmEKE (o SmIHm
(d) 5 SOC & HEMHKF
Fig. 3 Relationships between SOC content and total aliphatic acids content (a), the ratio of long- to short-chain aliphatic acids
(b), average chain length (c), carbon preference index (d) in the Mollisols
itk — 2B B AN [FIBR B K P P IR I R S A ST A I 30 (i | 22 57, AR IE TEAE RS 25 Bk B
KB ARITR & 8 X SOC & BREAT IR AL BERER b, S = Z A A RIHR R, FFL
(] V=1 3 A1 Dl 12 g R X A A sl i SRR E (9 E B AR (I 4ad o SARRHT, [RIARER

http://pedologica.issas.ac.cn



+ 8 R

Acta Pedologica Sinica

SREMim KRB E AR (B 4b), WA EEKERM, RS 26
SOC &5 N R/ R BB s, R W AR W KA Rt sh i SRR AR, T
JREL I 17 R A T B v A LR

a)
Cy C, Cis Cy G, C Cy
3 L R'=073 I‘<U(‘:I 3 'R :U“ P<0.001 3 7R =0.59 /'<ugm 3 R =0.66 I’<.(H:H 3 FR =0.15 .I’:(HHW 4 7/(":(!48 P<0.001 ° 4 R'=026 P<0.001 °
2t P 2t o
2r ° ° 2r .. 2 ° * o 4 ° S e, ° [ 2 s ©
= gl o ° . ) % b @ N i o ‘ 2 e ° P KD
r L] L] a
g0 ¥ 0 Sk JREING. A 0‘{-.4 03 }‘ “olpad Of‘:.: s
"B [ L " _ \J “liog 880 q ° *®
I 1 &€ L8 1NY Sl oy s 2b . L
ﬁHE Ca Cy Cy C, C. C., STo 1 2 3
}fé g R =050 P<0.001 LR =033 P<0.001 LR 231 P<0.001 4 FR =002 P=0407 4 -R: OJ() P =0.005 6 '[(<U‘)I P=0.745
o 4 e 3 ° o 4 . 3l
-8 L N 3 . 4l
g,ﬁ:" 2k L4 2 O.o ° 2k ° o 2 ° 27 ° o
(=9 1r [ o - . 1+ ¢ 3 2k .
SRS R 1 SIS PO S > S NP (.
L . r °
. 1 %1 oty R Ol gt . . i ¢ 0 ‘ P (X
I R S - ﬁ'. . -1 ‘ P 4 . ‘ -1 % 0. .
e e T e R M T e = e e S e e e e e
R Sy iIN T
Soil organic carbon
b)
0.8531
038121
5 075 o~ o705 y=-0.0399x + 1.4415
2 — 0.6960 . R*=0.488
_— —
< — 0.5734
° il S .57 0.5566
M @ r==0.3130
g 050 04652 ~
B e i~
58 03836 0.4027
Eo =
°© -
g 025 ~
g
%‘) 0.1225
A 0.0483
0.00 16 17 18 20 21 b7) 2 24 25 26 27 28 30
JIE 17 8 T A 2

Carbon chain length of aliphatic acids

K4 BEAFRBREKZOIENKRS SOC SR KR (a) DURXHKHIIBH I NAERE (b)
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