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Abstract: [ Objective] Normal alkanes (n-alkanes) are relatively stable components of soil organic matter.
Identifying the composition and occurrence mechanisms of n-alkanes in black soil is of great significance, as it can
reveal the source of organic matter and the changes in the soil-forming environment. The purpose of this study was
to evaluate the influence of soil-forming processes on the n-alkane index of black soil and to explore the indicative
significance of n-alkanes in black soil. [ Method] In this study, samples from three typical soil formation processes
of Isohumosols in the Songnen Plain were collected, including the HL profile naturally developed under relatively
stable terrain conditions, the YA profile affected by erosion and accumulation under unstable terrain conditions and
the SH profile with evident animal disturbance processes. The ultrasonic extraction method was utilized to extract
free n-alkanes from the soil. The distribution characteristics and compound-specific carbon isotopes were analyzed.

[ Result] The results showed that the HL and YA profiles were unimodal, with the main peak being C31 and the
odd-even predominance, while the SH profiles were bimodal, with the main peak being C23 and Cs1. The Y Cas-3s
and CPI values of HL and SH sections decreased with the depth of the section, while the Y C2s-35 and CPI values of
the YA section increased in the buried layer. The mean 8'3Caik values of HL and YA profiles ranged from -29.30 to -
30.27%o and -29.79 to -32.60%o, respectively. Our results indicate that the buried layer is found to enhance the
retention of n-alkanes, while disturbance may disrupt other indicators of n-alkanes in situ records. Furthermore, the
analysis of n-alkanes and their carbon isotopes suggests that soil organic matter primarily originates from terrestrial
higher plants, particularly C3 plants. Since the Holocene period, herbaceous plants dominate the black soil area of
the Songnen Plain, with the proportion of woody plants gradually increasing during the development of black soil.
Combining the data from “C dating, it is inferred that the climatic conditions during the last deglaciation likely
played a role in the initial development of black soil, while the warm and wet climate of the Middle Holocene
contributed to the maturity of black soil. [ Conclusion] These results confirm that n-alkanes in black soil can reflect
the impact of soil erosion-deposition and disturbance on n-alkanes. Thus, this study will provide a basis for revealing
the changes in organic matter sources during the formation of black soil and reflect the soil-forming environment of
black soil.

Key words: n-Alkanes; Black soil; Songnen Plain; Compound-specific carbon isotope; Pedogenesis
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1. TF. Note: Ap is the cultivation layer, Ah is the humus layer, AB is the transitional layer of the humus layer
and illuvial layer, Ab is the burial layer of humus, Br is the redox layer, BC is the transitional layer of illuvial layer
and parent material, C is the parent material layer. HL, YA, and SH are located in Hailun, Yi’an, and Suihua,
respectively. The same as below.
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Fig. 1 Sampling sites and profile layers
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Table 1 Basic physicochemical properties of profiles
i ﬁi)? Vi %E‘Wé’ﬂﬁk Panﬂi:,(/];}l;ﬁcomposition/ﬁ'ﬁ)*i +%(7)ﬁl\i)})ﬁ on o
Profile  Horizon  Depth/cm Clay Silt Sand (2ke)
HL Ap 0~23 12,0 72.1 159 36.2 122 6.0
AB 23~61 12.0 78.7 9.4 16.4 11.6 6.4
Br 61~127 12.7 78.9 85 9.5 9.2 6.4
C 127~160 13.5 76.0 10.5 7.4 8.1 6.5
YA Ap 0~20 18.4 68.1 135 31.0 12.1 6.4
AB 20~240 18.7 70.6 10.7 24.7 12.1 72
Ab 240~290 18.5 72.6 8.9 28.3 11.9 7.1
BC 290~310 15.7 76.4 7.9 14.3 9.4 7.1
SH Ah 0~60 13.4 71.8 14.9 28.4 11.7 6.8
AB 60~130 12.2 71.5 10.3 12.8 11.1 72
Br 130~200 11.5 81.1 7.4 6.0 8.0 7.1
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4 a) AB 12t d) AB g) Ah
10 5
3 3
2 6
4 ﬂ !
' 2 A e
0 0 mmmnnﬂﬂﬂ[’lﬂﬂ F l*l’-}‘ﬁ-.rh o Lrmmm ﬂﬂﬁmm e,
~ 6 20 3
§=: b) Br 161 © Ab B h) AB
T 4 2
® 5 12
®F 3
§ 2 H 1 m
2 4
=
S 0 0 a.r—n—u—mmf’inﬂl‘lﬂrl [ ﬂﬂl’ﬂ 0 —Jh mmﬁﬁﬁﬁmmrh
4 12 — 3
, ¢)C 1o} ) BC i) Br
8 2
2 6
4 1
' : ] il
0 0 eyt 1 4 e N v*| mmf’lf{]m[}lmﬁm_’_
17 19 21 23 25 27 29 3l 33 35 17 19 21 23 25 27 29 31 33 35 17 19 21 23 25 27 29 31 33
Eftieitk

n-alkane chain length

B 2 S8 IR e R B E o A R AE

Fig. 2 Carbon number distribution characteristics of n-alkanes in black soil
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Fig. 3 Concentration and parameter distribution of n-alkanes in black soil profiles
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Fig. 4 Compound-specific carbon isotope characteristics of n-alkanes in black soil profiles
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Fig. 5 The parameters of n-alkanes reflect the environmental changes during the formation of black soil
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Y Cosas HA RN, H C/N A CPIE AL, =B HE A A ik 0 [ A7 A 58 Ak T30 35 1A
RAS, AFEE WA NS AR AE , X 54 HLS AE S 580 (1 T8 0 MR A 7L — B
431,

K ZHFL R B e A bR B TR, BT i IR e itk N TRR ) Bl e
BUBT G HA RN 2 R A B3 X — ik R, A — 2 N R AE LI b i1k
FIFEARIEFE, B Xm oA A, F RO B 35 R VA Y0 AI R b K BE IR f e
ECAZ SR AR B 20 A0 DA S 7E R A 44, RAbs X B AW &&=, e EFRE
WREEEE, AR SN, AMEES R M T AR XA L it
TR AR AR, A PR R A AR Ao BRI, FERIFH RR R IR A e
AR AR A NUTURIEIN , 06 Z0{H =128 18 [ ] BE 7 R I 24 B AR AL

A SH TR 2B ah IR, RILAY Cas-as (B BEHI THIR BE XSG Inm i sh P (B 30D,
EEAHEIEIRZR 40cm. 90cm Al 120 cm Ab IF A4 F ke 25 T &5 B i 2l i i 24 S & 19
F U IEAL Bt ot IS TP 20 (e SO BUR, I IR bR AT AE S HUNFR R B T R
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AHER -
3.2 B EMERRE R EREN RN B BRIRETE R

BT DA B AR HLUTORIE IS R, g5 A B KRR IE AR o A R BURRAE, W]
DA 3 AN LA o R IFFIESE, T3 B b Ty B A
IT 31, EAMYITTENERS, EMRR IR KT 27, &M TR AREEAR DTk 22 14149),
BK[ It ACL 1 ratio Al FT 45/~ BB I IAS AL, . 3 b I\ ACL Al ratio B IR ¥ A1k a8 2%
B, ATt DLR A BT B 28 O E (I R AR A ) L BB . X — 25 R 5 @A X
- 35 5 TH A AP LS R AW A, R A i (8200~4200a B.P.)  Z M 4 KT i
(4200~aB.P) FHA, HEBRALIEE . HEHEN N, HAAEDEE IR, L
JEAVE R A, HEE R,

PR 813Cancfl, = PP RN L C3 YN E . Hh HL A YA #[f] Cor & Caz a3 5
A=, HEARE Cop>Co>C3>Cis, KI Co~Cas SRR I [F] I HaZHh X B ARE Y K
24, XHEMFES ACL M ratio R/~ 45 R —3. HL HHRE 5°Cor M 5°Cao 4 Hifi
1E, WRESZEURBER IR . ROARET C4 MM K, H §3Cy Fl §3Ca0 43931 4-19.1%0
F1-18.4%0, it 143 FORFMANMIIEIN, §3C27 5 §'3Cao 2H HiL 1B i 1EL0,

3.3 B+ IEMERE REREN R R T IERIER

a5 RIAFEARTER, WO B IR e S FURR [F) A 3 AR AREAE R e s 3 SGEAT
P8 ACLAH AL 3225 B S35 SEMiT), Zhou 25148150 4% b Ml X I JE Ve 2 1E M e it S 1
SRR AN, TEMGEE R ACL 3 ImT G815 R & iR s 23 0. Liu SB05@ 7y
Br A BR AR IR AR = ) 81 Can BB MR FHIX KRG/ H, C3 MWK §3Ca HE
MAP 2 & fiFH¢ (R?=0.30; P<0.05), H5 MAT 255 14H5¢ (R?=0.09; P<0.05). HHtA]
DAHENI VKV AR A BT, BEROKE 2, LR R AR SR B A )
MELBIIE . TRl AR FAE R, SR TS, BEREBRNEE. 25 hAEt,
W BT, HEBKMZ, LR EYER I EARAEY W EEm, R ERE
AL RGE B 44 . HL HITH 90 & 80cm At CPI FA{K. 83C i/l (& 3f, K 5a), AlfE
JERA Bolling-Allerod B3, SEAXHRIRIEN, SaEMAERK, MELEERETRL
M HLTRIR R UK A FT B 2 B P Aa R 8 I o A, T 5 mp A thE A T B 1)
AN EE I R T R PR F .

445 i

AR SCIE TR T JEAS (R s A5 R T A AR A e ke S LRI R 0 #r, AR R IR
el PAid sk A R 5 BRI AR B . S, BGBUE AR T IEM R R B AR, T
PN AT e TP IR ek A 10 SR i Fefh Fi R & SRR R IE M el S FLRR (R 3R 45 SR 48R
TIEANUR T ZORIFE TR =AY, DL CI T . At DORFAMOT IR 3R L X E DL
A GRS, EAER LR E R PARAREY LGLEEE . 858 C FEREE, HElr
VI B AR 5 AF AT REAT B T R AP R R i - v e AR X 2 A A U B 1 R
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