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AL A X 3 MUK (soil organic carbon, SOC)
SRERT, MUK, 2P EREEAR e REm,
F AT K 370 2% 1) 80 H 25 7™ 0B, 06 B A B Al m] 4k
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GRS B AR TR A S A% SRR TR 5

LR EPIR,  DOR L RSG5 R AR e ) T AR AN ]
{EA% G R TBUBORE 5 300 10 M A 220 i R 73 J2 IO AR A 34 5t
SR S IO A AR R . R, RS
BRI AR 70 J2 572 o = A H AR, A
WFFELLAR AL R DX SRR e+ 39 D X 5, T R URE DL B
Iy AR JZ TR R DURR s S T B 6 T J2 AR -+
JE G, Onr B AR BT OR 2 o ) 1 45 R A A LA
EieR B o R N i R R & X 1 ST S | PRe U
JEDURR G = A AR A HE B L, DU 58
VU BRAEH E VPN R R PR E BRI S .

1 ARSI

1.1 HREXER

MEIRVT A WL S L R A RS JE /N ik (48°59'N~
49°03'N, 125°16'E~125°21'E) Hh kb i 784385 1]y e s 57
TN B DU BB =, B 1°~5°, MK
500~1 000 m'", %X J& T FEWE N KRR AR, B
TR RN, XFRKEA TR, 298 THRKEE
476~510 mm 2 [8), L 6—8 JT PR /K & 5 FFEK M &
11 65%~70%", F&SEgh e 10 H—IR4E 5 H BRKEK
Ay A BEARSRER 12%. 298 2~4C, G
FEW 115~120 d°Y, K PIHURHE 1.8~2 m. %X
TR O TR L, LR 4%~ 6%, FPRL 6.1%,
Wk 56.92%, Fiki 36.97%7, LR ISMETE, pHIHY
5.67. B AL/ WA R T AR 28 km?, S LR hoR
1 649.3 t/(km*-a), 4FE 13 AR MEE N 1.05 mm, K
AR MG KR S WOE SRUOR, CFR TR R,
1.1 kg/m?, JERGEA FE . HERERTIRIKE, P
JEREZ) 30 em,  fyLSEUE R 1/10 o4 . T 2021 4F 10
H RGBT DRI I AR LR 2 0~20 em ¥ 1 FF,
B E AT, ZERMRANAE, 5 mm &S
1.2 TEFNZREMREUR BRI

PR TT B L IR AR ok 40 3 5 1R 38 2 0 R ok R e iR
AARHETB R A, AR 2 Ay b U TR 4y 3
TR DR DG M REI% 3 AN il AT . Bk
ME, VIR ER A it woe gt (R (D) IHEA
[l A2 L e O PRI T S R (3R 1), K 400 g
TR B AR B L AT ERE (B 1) S TR
YUY e, BRI 1A KT 5 P00 45k AR+
HERALYER, A EEAR 6 MRk, L3ATREE,
FIRE, FMRERRIEN 400 g MIFVIR A B+, EPTRRA R
TORCE B I 10 em (A HLBCES 25 4 F TR
Tk, eI 1 TR UIR ], SRR A T
B R, 2 PiRE /e G T TR JE AN SE . Rk
SRR (L1~L6), & kg% G #
% 6 FRASAZ IR B DT g5 8 (S1~S6) (K] 1b) o &k
1T — IR DU FETE e —Fh TR 4, IR TE B 6 PR AR
gty (S1~S6), —HEH AT 6 YT, HLIHAEL,
TERC 18 AN LkE, BRI R % 2 BT
AR R S, ARG ENZ 2R, K% 0.1 em
(B 1b) o BT BUDTRR G5 R FH T 1E 0 35 % Rl = < pk

KA (K 1b) o DUFEATCA R0 A i it 2 v e
IR, ARAL G 4EFrAE 23~25 C.
R 1 IRFORITIRER B K SR )

Table 1 Settling velocity and settling time of soil particles
TIPSR e YURRH YRR/ TR ]
. /J'L}/\E . .
Soil aggregate Sediment layer Settling Settling or
particle size D/um Y velocity v/(m's™")  deposition time #/min
D=500 L1 v=0.23 t<0.089
250<D<500 L2 5.6x1072<1<0.23 0.089 < 1<0.366
125<D<250 L3 L5x107°<v<5.6x107  0.366<t<1.367
63<D<I125 L4 3.0x107° < v<1.5x107  1.367<t<6.833
32<D<63 L5 1.0x107° < v<3.0x10°  6.833<<r<20.500
D<32 L6 v<1.0x10"° £20.500
DR
Sclt‘:l:gsm
o 125 7di
.. WlFine —=--—---
Po¢ particles | Le
i | CO, |
o, (N0l

— B | S
VMR 9
Sedimentation  poc

and sorting a®
process 9@
TN &

o9

@ poN

® o fHCoarse AR
@@ particles T e o
soc i A
S e
Settling and bedding § i v B V0 0

S1]S2|S3|S4 S5/56
AN[F45#) Different structures |

b. BRI R IR 357

b. Settling and bedding and

constant temperature culture

emissions

a. YUFE G R

a. Sedimentation and sorting process

: S1=L1, S2=LI1+L2, LA,
Note: S1=L1, S2=L1+L2, and so on.

B 1 SRR 6 MR T AR T EE
Fig.1 6 structural characteristics of layer-by-layer deposition
process and schematic diagram of greenhouse gas emissions

AW R A, A PR, 4% 10 em,
FEK 105 cm (B 1a), HARPIRE ik i B LR D RS
DL AU IABEIY [15], 004 I B 5 5 e B I 1) 56 3R
ha (1D IR

2

R (LA W
b v TR, m/s; b W PTRREEES (RO K
s N B E 2R, my ¢ N UCBEREE], s
D & HHERIAR, mm; g TN, 29 9.81 N/kg;
n 20 C W RKARREE, 200 1x107° (N'sym®; D, -+
SRR, 40 2.65%10° kg/m®s D, Jg K AR
2124 1.0x10° kg/m®s A& P AR BT D04 R SF 5
SEBRYCRE IS T a6 1 frR .

AT 5 R FH 0 B 5 R AT - HE UK 43 3 R AR UL,
CEL R T ORI NG TR FLBG R LA K, 55 3 46 IR 25 )
SLIB A IS, AH DAL G0 T A0 0 1O 2R R ks 42
X B S e b B T b S Tk = B R A (2 T A i
TR ez s R AN, RN, TR I R R 7
IR FAR TR, AN EE SELAS [FRL 2+ 3 R0 328 J2 0T
R I TR ek D SR AR AT, e K B RS DR A T SR A4 58

%g‘ri[ls,ﬂ] .
S1~S6 tAAHH R RZBUK)G, Hild g - wEZ AL
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JEAR FH AR WK 24 h, BALEE] HARAHKE R, RAERIK
AN FEAT K T8, I8 B B DU AR g K S A ) FE K &
(35.7%~41.2%) . HAEIR % B8 TR A1, b7 ik
PR, A BRI T X B 2K il B A, AR s
WX RSP, WEE RS IREE A 25 °C, A
FUOR 4k )= BT 25 C B 74 (HWS-150,
[ 7 9 7 R A A PR A A ,  PRFFREFRAE A5
PESER 60%, ML BRI LLET FF 7 d 5 ik B A
R, TREHBEIRN R =S4 (CO,. N,O FlCH,)
Hepok %, BRfuEan ~: T4&H 06:00 F1 18 : 00, 4
KRBT 1 h, P RRERSIISRE G, Wi
T S ARG 2 25 8 20 mL VU MO, i 5 458 F A0 (03
1 (7890A-03030623, ZHEA) W5 H U [T AR I T SEAS
[ ARSI L, 13 1T SR A4S A N [R) SRR T % . B
FEMAMN], R D H RS AR AR A i ) L SN
WYk, s S KR AR L UK HR L) 2.1%) ,
B 1 d AT MR MK, AR Fe S TR S5 AR S 7K e e
PRFFAE S B R FEK
1.3 TIEFREMBIBAMERNE

ANTR)RE 2% A SRR T 23 AT S P 7K 38 i TR e 5
AP ML (dissolved organic carbon, DOC) i it
W5 B4 (TOC-L03030135, 5D #EATIE; mlwdE
HHLA (dissolved organic nitrogen, DON) i 1] £ 4h 43
JOCEETE (UV1900i, B3 WiE; ALK (soil organic
carbon, SOC) Fl14>%( (total nitrogen, TN) ] Thermo
Scientific™ FlashSmart™ NC SOIL TG 2 4 B3 52 »

MR F PR 45#) SOC. TN, DOC. DON % &
Z=5, M () WS FRARAEA R 2508 )5 25
DIRR G Fh g 4 ) BB i

N,:Zf_la,.c,-(i:1,2,---6;j:1,2,---6) 2)

N, b S1~S6 YIRS f e br i 4t BIE ¢
Bomg; o ARG LAR TR, g C N &IRPREA
MRS, g/kg B mg/kg.

YT ANFE DU G5 K, AR RE IR 45 K5 43 0l 4 %
TR N T AN B, S LR A AR
RS, BTk R

0, = (m,, —my) [my (3)

6, = p,0, (4)
A=®d-60,=1-p,/ps)—0, (5)
D,/D, =&"P|®* (e = A) (6)

X 0, B & JEFURSKE, Y% m, M m, K& T2 5
AT, g 2 A AERE A IR A Tl o 1 R 46
IR AU AT s 0, AT EIKE, % p, AR E,
glem®s A WFRSALBEE, %; @ NSRBI, % p, A
TR E, glem’s D/Dy NS RS T
THEGRZE, R REATE., FKE FLBRE SR br
i, HZEH D < 500 pum (KR4

A B R 4% SOC. TN. DOC. DON [#)ii
PAEDL, K 4 FhP) FARE T A v (9 i AR A SR i
KEM R, WU FHR:

R= (CO—Z:’leici)/cox 100%(=1,2,---6)  (7)

P R N EMRAIT R T, % o, 3SR
. %s GO & W TAEAS [ RL 1 % &, mg/kg B8R
g/kg: Co AR &P & &, g/kg Bl mg/kg.
1.4 BESEHREXITE

1) AR T A R B AR 5 2 VI B A SRS I ) R
X=M(C,—C))-V;-1/245x10°W; (j=1,2,---,6) (8
A X O H WAL IS A SRR SO %, pug/(gh)s G A
I BER SRR B, 107% C) I Bl SR AR 4,
10 M 5353 CO,w N,OL CH, 43 Fit: V) K4 1 hiss
FERM T A S WA, Ly A9 08 CO,v N,O.
CH, "' C. N [BE/R T aE T Ly W, o & DURR 45 4 L FE 1)
ThiE, ke

2) ESMTEIRBOER

F:Z;an (k=1,2,--.7) 9)

[ F o CO,v N,OL CH, 11 7 d PIURCHE R, ng/(g-h)
(LA g 1 CO-C ks FID s X A B BOR AWK,
ng/Ls Xy AHIIRTARIREL, pg/L.
3) hREER AR E
0=>" 24XW,/78.5X,(k=12.....7) (10)

X O H5fr CO,. N,O+ CH, [ HIAUE R, pg/em’;
78.5 M S UURREE MR A
1.5 HELEBSHH

KH Excel 2010 AT %45 b B 5 1155, FIH Origin
2021 A4, KA SPSS 22 JEAT HLIR K T 2 00T, IF
H 2 B LR 50 U7 5 0 /N @ # 75 (least significant
difference, LSD) #HATEMELLEL, P<0.05 FKxi.

2 GER55H

2.1 BEROTESERE B IR FIE

M 2 ok YRR U 43 3 I SR A5 R R A AT
2 PR, BMKRE, BALPREH R, Bk E
B2 mA PR m . Horb, =250 pm (1) BRI
24.5%, <32 pm R0 A7 23.1%, HARMRL (32 pm<
D<<250 um) [¥)Jis d7 LEYE o 14.0%~19.6%.

K UL oy 18 I (R RO 4 B B S BRI RS, R 2
. A N EBZDIRG, S1~S6 X 6 Myt 2k &k
ERURE AR 2 . TP B R TIR G B
J T S1~S6 ANFHUTRRE L, HAFMUTAR S5 H Rk
TR R, A ENERES (R 2, BARKAN
o, HERANEE R E 2ZER (P<0.05, £ 2),
Hr, D =500 um (1) L1 SRR RUTR - 2 i, B
12.0.20 em, L2~L5 YA 12 JE FEAE 0.40~0.80 cm i [H]
WAL, D<<32 um 1) L6 MR R T L2 5, R
h 1,50 eme AHIFFE SR TR 2 IR B 22 S 0 th 5 D B
KL i i e An o, AR TAGER F ksl A vl
FEIZ R g He, (RS R T AR5 I DR e o
2 F A RRL AR LB 22 S il = AR HE TR R
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Table 2 Mass distribution by grain level and cumulative mass of deposited structures layer by layer

TR Sedi
B VIRZ Sediment layer

B JZ IR 454 Layer-by-layer deposition of structures

Particlesine um 9 R Tt I G BB R
Label Thickness/cm Mass fraction/% Label Cumulative thickness/cm Cumulative mass/g

D=500 L1 0.20+0.23 d 3.5 S1 0.20+0.23 d 20254211 f
250<D<500 L2 0.40+0.14 cd 21.0 S2 0.60+0.09 d 93.14+16.21 ¢
125<D<250 L3 0.80+0.06 b 18.8 S3 1.40+0.08 ¢ 151.98+27.44 d
63<D<125 L4 0.60+0.06 bed 19.6 S4 2.00+£0.05 ¢ 204.08+14.68 ¢

32<D<63 L5 0.80+0.21 be 14.0 S5 2.80+0.23 b 246.85+3.96 b

D<32 L6 1.50+0.40 a 23.1 S6 4.30+0.61 a 37521197 a

T ARVNG PR R B R HO WE 2E 58, P<0.05.
Note: Different lowercase letters indicate differences as soil layers increase, P<0.05.
e SRR o Ve N T ) [P S G 2t I S R T i
PR SR a3, AR AT E O 0.80~1.68 g/lem® (£ 3) .
K F B R AR AR Il AR BN . N L2~L6
FKAEH 11.16% BN 2 41.02%, LS J2Fe &K i K
i5 68.78%, L2~ L6 L B J&% 22 4 A7 & =% 1k 22 5
(P<0.05), L2 }23.79%, L3 2 (125 um<D<250 um)
TR LB ek, A 44.27%, D<<125 um I, LB

B R b B AR e PR AR s D<32 pm A 0N
DR B L2 Lo, RIUGH HAERE, L LB
B, AN 1.00%, FET L2 BFAK 22.8%. AR
R HBE LR BE AR A AR 4k, L3 2 (125 pm <
D<<250 um) [WAHXT 5 R Em K, K 0.14; it
D<125 um J&i C(HJ L4~16 2D, SAMA G 1l R b
AR IR N T 0,

x3 BRARELEERYEMER
Table 3 Basic physical properties of each soil layer deposited layer by layer

FiAE oA HIE oS w3 FLBE S &S
Particle size distribution (pum) Soil bulk density / (g-cm™) Moisture content/% Porosity/% Relative diffusion coefficient of gas
D<32 (L6D 1.08+0.31 b 41.02+1.22 ab 1.00+2x107 d 7x107£1x10" b
32<D<63 (L5) 0.80+0.10 b 68.78+14.66 a 12.33+0.54 ¢ 2x107°+3x107° b
63<D<125 (L4 1.11+0.20 b 36.78+18.94 ab 19.54+0.18 b 0.01£5x107 b
125<D<250 (L3) 0.95£0.21b 31.26+19.91 ab 44.27+4.10 a 0.14+0.07 a
250<D<500 (L2) 1.68+0.34 a 11.16£7.33 b 23.79+0.52 b 0.08+0.06 ab

ARG - RER R B2 ) BEALPE SR 22 54, P<0.05. Rl

Note: Different lowercase letters indicate the difference in physical and chemical properties between particle sizes, P<0.05. Same below.

2.2 BLATRMTAERASEN T RRKEIFE

B RYA S R ATWER 4 PoR. AR
SOC FH TN 5t R4 oK F1) /N 52 58 3 K5 i XK 1)
AApER, L “S” B (R 4), £E 125 pm < D<<500 pm
If SOC Al TN &N, 2904 27 F12.3 g/kg: {E 32 pm<
D<63 um iy, SOC Ml TN & & i f&, XA 19.25 FI

1.59 g/kg; D<<32 um I}, SOC FI TN & 343l 4
23.27 F12.05 g/kgo K0 g+ HEW0RL K DOC 5 & KAk
HO4S” BARE, 125 pm <D<<250 pm Ik F 5 A,
H519.31 mg/kg: 24 32 pm<<D<<63 pm I 2 + JOki o (1)
DOC &k, 4 424.04 mg/kg. DON &5k dh % 7+
AR (R4, BRALEEIEHEN 12.16 ~19.69 mg/kg.

F4 BXERBTBEBRSEDHIHE

Table 4 Distribution characteristics of soil carbon and nitrogen content at various grain levels of black soil

KAz A ALK Eoe AV BB nEPEA LA
Particle size distribution/ Soil organic carbon (SOC)/ Total nitrogen (TN)/ Dissolved organic carbon (DOC)/ Dissolved organic nitrogen(DON)/
pm (gkg (gkgh (mgkg ) (mg-kg ")
D<32 (L6)) 23.27+0.46 ¢ 2.05+0.001 b 443.79+40.46 be 18.91£7.99 a
32<D<63 (L5 19.25+0.55 d 1.59+0.06 ¢ 424.04+11.83 ¢ 12.16+£3.17 a
63<D<125 (L4) 23.40+0.47 ¢ 1.95+0.03 b 493.96+20.91 ab 19.69+4.77 a
125<D<250 (L3) 26.88+0.75 a 2.29+0.05 a 519.31433.73 a 17.73+7.11a
250<D<500 (L2) 27.34+0.53 a 2.35+0.08 a 471.73+29.61 abc 13.54+5.43 a
D=500 (L1) 24.90+0.75 b 2.31+0.16 a 441.79+38.65 be 19.09+12.59 a
BB R AR A S RN 2R (P<0.05, WinE, MRS, BB ERARSZ, K,

% 5), S1~S6 YR &5y 4t 2 SOC. TN, DOC,
DON i 2 fifi O R 2 2508 n 52 2 5 18 nka #%,  H DOC Al
DON [ AL T SOC A1 TN, Hd, SOC M1 TN [r) i i
3 M ST 1) 0.73 F1 0.07 g 5 mF| S6 ¥ 9.08 1 0.79 g,
DOC 1 DON [ = & M S1 [ 12.92 FI 0.56 mg 14 fin 5]
S6 1] 174.44 F1 6.44 mg.

A2 B4y ik fG SOC. TN. DOC #il DON ¥
ANRFEBEMRLR, SAImAE g 6 fin. &

DON ¥i 2k 11 43 bb &35 75.93%, TN B 2% 1 20 tb oA
13.95%, SOC i KES INMEARK, WEAHSHLA
11.74%, DOC KT TN, N 6.75%. L5YIMHBAE
(6 B, TR R R R RN IR AT IA 93.5%,
T ALV AL 2R S i K PR = 2 Dt DR ] A U % 43 326 i L K
WK (L1451, Ml b B e H AU S 58
(<32 um FLANA 23.1% (3£ 2), iz gUmik WK &
Hr AT B S ECEHURBUR B Z .
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Table 5 Distribution of soil carbon and nitrogen content in layer-
by-layer sedimentary structure of black soil
BRI

Layer-by-layer SOC/g TN/g DOC/mg DON/mg
deposition structures
S1 0.73+£0.02 f 0.07£0.004 f 12.92+1.13 f 0.56+0.37 ¢
S2 2.47£0.05e¢ 0.22+0.01e 43.06t1.34¢ 1.42+0.69 ¢
S3 4.04+0.04d 0.35£0.01d  73.36+2.85d 2.46+1.08 bc
S4 5.27+0.03 ¢ 0.45+0.01 ¢ 99.34+3.94 ¢ 3.49+0.83 b
S5 6.10£0.04 b 0.52+0.01 b 117.48+3.57b 4.01+0.94 b
S6 9.0840.09a 0.79+0.01 a 174.44+8.32a 6.44+1.66 a

*o6 BImEMAENL

Table 6 Percentage of carbon and nitrogen loss in black soil

AR
Organic matter types SOC/% TN/% DOC/% DON/%
JR
Orici . 27.56+0.05 2.42+£0.04 506.63+49.07 68.98+1.30
riginal soil
M%E‘ 24.33+0.17 2.08+0.02 470.67+£23.73 16.64+3.52
After settling
hroy =
AR 3.23+0.16  0.34+£0.03  35.95432.73 52.3442.29
Loss of organic matter
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Percentage loss of  11.74+0.58 13.95+0.87 6.75£6.19  75.93+4.71

soil organic matter/%

A FVNG - REOR TR A M B R AT 22574, (P<0.05) .
Note: Different lowercase letters indicate differences in carbon and nitrogen
distribution characteristics between sedimentary structures, (P<0.05).
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Note: Different lowercase letters denote the difference in emissions with deposition, (P<0.05).
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Fig.2 Change of layer-by-layer deposition of CO,, N,O, CH, release rate with time and 7-day gas flux
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Heterogeneous settling and bedding of black soil particles and their
impacts on greenhouse gas emissions

WANG Xinyao', YUAN Xinhao!, HU Yaxian?, LI Fan', CHEN Junying®, LI Xianwen'*

(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Institute of Soil and
Water Conservation, State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau,
Northwest A&F University, Yangling 712100, China)

Abstract: Particle heterogeneity is one of the key indicators to estimate the variability in the soil properties and compositions.
This study aims to explore the effects of the soil particles settling and bedding on the greenhouse gas emissions from the
depositional area. The layer-specific physicochemical properties were also considered during this time. Specifically, one type of
Mollisol (local people named as the black soil) was sampled from a typical eroding slope in the northeastern China. Then six
classes were fractionated by their respective settling velocities. Six structures were obtained to bed the differently-sized soil
particles in sequence: S1 was the thinnest structure with only > 500 pm particles L1, whereas S6 was the thickest structure with
the six particle classes being layered in sequence from the coarsest particles L1 at the bottom to the finest particles L6 on top.
The emissions of greenhouse gases CO,, N,O and CH, were finally collected from the incubated structures on a daily basebasis.
The results showed that: 1) The coarse particles settled first (L1) on the bottom, whereas, the fine particles settled the last and
then covered on the top (L6). The porosity gradually decreased from 23.79% of coarse layer L1 to 1.0% of fine layer L6. By
contrast, the soil water content increased generally at the highest moisture content of 68.78%, as the soil particles were settled
with the L5. 2) Carbon and nitrogen were rich in the L2-1.4 layer, where the soil organic carbon and total nitrogen were peaked
in the L2 layer (with 27.34 and 2.35 g/kg, respectively), and the maximum dissolved organic carbon and nitrogen appeared in
the L3 and L4 layer (with 519.31, and 19.69 mg/kg, respectively). 3) The average greenhouse gas emission rates decreased
significantly during the seven incubation days, as the sedimentary layers were thicker (P<0.05). Correspondingly, there was no
increase in the gas flux with the thickening of the sedimentary soil layer. The layer-by-layer deposition process was separated
from the coarse and fine particles, where the coarse particles were preferentially deposited as the lower layers, while the fine
ones were stacked over forming upper layers. Consequently, there was a gradual decrease trend of the porosity and relative
diffusion coefficient of gas from the bottom to the top. As such, it is expected to effectively inhibit the transfer of greenhouse
gases via the depositional profile. Overall, the layer-by-layer settling and bedding can be used to reconstruct the deposition
process in the field, and then to effectively capture the potential impacts of depositional layer structure on greenhouse gas
emissions. The finding can overcome the limitations of traditional sampling, indicating the outstanding variations of small-scale
layers and bedding. The settling and bedding patterns can also be characterized to quantify the greenhouse gas emissions from
different depositional settings.

Keywords: greenhouse gas; emissions; soils; black soil particles grade; settling velocity; depositional layers; porosity
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