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I LB A ph 3 A HURR R A M LR R AR . CambardellafTENiot! 38 1 45
i 53 20 (1) 728 45 B REAR K 1753 um A ML 5T 4 43 8 R MRS A AL (Particulate
Organic Matter, POM) , HJ@IEVEIRE . 456 76 T3 B RARR I 1) - RS iR AR . HA
R 22 | F0L - FN S ERSE A WL FR e 25 BORE & G ML) (Free Particulate Organic Matter, fPOM) ,
TAFAE T 1438 [ R A N S0 AR 9 [ SR AR A 45 & R BDRLAS A AL (Intra-aggregate Particulate
Organic Matter, iPOMD "1, [X| 52 51| -+ 3 R AR A AR R E AR, 7EAR [ 3RS 451 R iPOM
1 I H 5 FPOMAN R 2 R g A e v, 5Bk S HUR AR, 59045 & 45 1A HL
Jii (Mineral-associated Soil Organic Matter, mSOM) Fif2if % /NF53 um, % HEHEAFEE
B AN BT, TR 52 31 SRR AR b () P B 22 A AR, &8 T A WUBK 15
P 1) 3 e Y AR A ) B R AR B X e I MUR L, BEAR b AE g S J5UIR 1358
A PRI AEIE TS R AR, SR 3 HURR B AR 25 7 &t [N, ARFAAHL
J5T 20 53 A e PR (B AL B R AR 22 5, R FH B A€ [R) A7 22 40 WRRRAAE W] LS YR ff b 40 A7 AN [
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DRIk, ASHIF S 70 BT 0 = A R R A AR RE B, i e L
JR B 53 H T VE AR 8 R R A ZR AR, i — 25 4 A VAT = A P IR e R A e th— 3
A R A — 5 e A T R SR S LT B B S AR S R R AR ARHIE , SRR
b XA [F] R O T R ML AR e AR, Al 5 B AR5 N RGBSl R2 e T R =
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BFFE XA T8 = M X, e iR KRG = Sk, D=0 0, R N11.9°C,
IR KES92 mm, FEFEKE N 944 mm, IR DL L ) 1oy 30,
F - BE 5T DA AR B R AR DU O 3 o BT = A N TR = A N i B AR T B T R T
X, FEBCRANE CE . S AR AT SE B AR FE RO B IESE N IS T, |
g 1) I T T TCAE IR AN SRR X . S AR MR AN R AR S R HEAR R . Hor,
b B RV E185%  (Suaeda heteropter Kitag) + #M) (Tamarix chinensis Lour.) « 7
% (phragmites communis Trin.) VAR NZFHHALKE (Spartina alterniflora) « HALKE 5
Ao F B ATAERTL = A PR X ) SR IR H AR 4, 201 2090 AR AR B3] — #1510 & 4
CO), LRI = A SRR X AL DO R — e M . R B RS R N R R OK,
LTAEY L E MG, P F RS04 .
12 #HmRE

2015510 H FERIE T IX SR A8 3300 i o e 138 v Ve T 0 e v 380 i 20 A1 (49 3 0 b R R 28,
RITCHE# e (BS) « AR (WS) AR (FS) . H, M EH AR H
WEVRANFRIA R s S HOARSE A AR 2 B . BEM. 7 B BARK gt 045
FRH . ZZHAEK . SRAE S0 A B ARG B R L, LI AN KRR Z
(0~20 cm) £, BEASKRAE SR A EAT RURERS N FE i, TR AT RSl s, — i FE b IR
TEEREH T AR 4, HRFEm RV SERRE, BE . EENNT, EZREDRR. 3)
WERAR. WA DIFEEE, 10 B RMGE (2 mm) , PRAF, FT AR5 (1) 23 b B8R
LOSEN

* 1 HERHSEXRER

Table 1 Basic information of the sampling locations

FIFH 27 FEfh g5 KR A5 ZE Ay s Ay T EYIR Y
Land use type  Sample code  Sampling location Longitude Latitude Soil type Vegetation type
ToAE B Tt BS1 RE AL 118°45'11.50"E  38°10"18.00"N  jifg#h+ e CRFI MR
Barren land BS2 TR AR 118°38'53.80"E  38°6/31.32"N &g+ T GERIRIR)
SRR B WSI REMAIEL 118°44'40.26"E  38°4728.60"N  ytifgifisisht W%
Saltmarsh wS2 RE TR AX 118°41'37.78"E 37°59'45.20"N AL 1 M
WS3 RE T AX 118°3022.01"E  37°55'50.68"N  JEifgipikth+ 7%
WS4 REWIAREA  119°6'11.08"E 37°51'10.69"N  JEHglEs £ HAEKEL
Eih FS1 KBTI 118°0'52.87"E 37°33'40.05"N V&gt Liivia
Upland FS2 I A B 118°3030.43"E  37°45'4.94"N ¥+ N
FS3 T TR 118°1'7.47"E 37°41'10.76"N  #hik#) 4 B
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1.3 TIEEARBUMRFABEMKREMARS T

R S L AER AL B I E 25 SRR v . JLrp a4 25 4 R F B gl e
FEASRAE SRR 3 IER, FRTE AR 2, 13 pH RABESEIE OKEL2.5:1D
IR AE R BT AT 2B HIEA WU AR IR L, 2 5 R FHBOERLEE 4 (Marlvern Mastersizer
2000F) 5, ZkARZTE R A<0.002 mm, F3H°A 0.002~0.02 mm, fbFiA 0.02~2 mm;
+IAE . ARG E T (Elementar Vario Micro cube) MI5E, Fell#b 5%k 1.724
REENLR E R TR ek [ A7 2 R H AL R 5T 2 #T{ (MAT253, Thermo Fisher)
M o FEA VLR ANER S YRR R 20 8 /Y, T RBROAUR, B 1 g A0 T B e 0%
F, AN 5 mL 0.5 mol-L' (R, [IWTPERIEED 8 h HELIELL R LTI, &
522 K, BB IS FEREAUKES QTR 2 IR ERFIR R, B2 BRI 50°C
WG, Rl SFabsrEill e nt, ¥ 3 UCPAT, MEFRHERZER/N T 0.5%.
14 TEFNSENRSE

HIEAWUTR S SR P s, EIEIR IR I e K B R AR A R
o BPAREL 20 g BRERMEMIMR R DI5E. MRS BAET 100 mL 808, 18 In/KR1E,
KL 2:1, BRI FERG b T R i K i AR FLBR N SUE AR, IR 2,
TR Ho R T o SRR B B O 3 B LAE 2 mm 6 (2 mm R JE MK BCE RS E 1) 250 pm A1 53 pm
) KMELLT, HEERREZEEVWARFS . ETRBHHE T, 3 em k", 25 Wemin'. EiT R
i 73 B AF BRIAR N 250~2 000 pm K B FEAR AN 53~250 pm [E RARRE S, FHidk—2 5 B
FEASANUR; <53 um A B OWEE R T a8 & SAURHAS (mSOMD , BLEFE
MZE 50°C MEF, REFH. BRASREE S TSRS 3 IRER, MEIAREMET 5 1 K A SR AR R
AR, W T IHERIRAE 75 b R Rk S A LR 7B b .

7E 35 [ B A 3 B (At b, SR 1.85 g-em™ ) Nal VAU K [ S8 44 A i [ 58 44
HHATH %, BB 5 g BIRAREEMS T 100 mL B0, FEGEL A 17, FTFEi5 1 min,
FHE 30 min J5, dESE LERAANE, TEMAGMER LRPE, HREEerBRHA
ML, 15 21 K AR (250~2 000 pwm) FIE A A& (53~250 pm) (137 25 0k 25 HLB (FPOMD .
TERERAGHIFRM 5 gL KIS 8 16 h J5IRH, 193 BB IK N5 & Bk E
HUSE GPOM) , &40 FE L FRICN: fPOM (250~2 000 pm) « iPOM (250~2 000 pm) + fPOM

(53~250 pm) + iPOM (53~250 pum) LLJ2 mSOM. 43515 3] ()X Le 20 43 15 FH #B 4l K e 2 1

ZE BT, 50°C T WAFEMPI SRS 3 REE, WEFRFRER TR AR
Wy B, e HAREZ .. IR ECE KT 97.5%.
15 HELE

Bk AT WU 2 e b 1500,

POM it = Z2m—ocrom

\ _ mSOM-0CXwysom%
mSOM 4L = TSOM=0C

AH, POM-OC 1l mSOM-OC 7 A Mk A G WL (fPOM Bi# iPOM) FI )45 G HL
FHENR S E, gkg's Wpom%FWmsom% 7 B 33 ik A A WU A 45 & 54
HURHIR RS 8 (EEH)  SOC NHIEANRIK & &, gkg's

AT A LT A B WURR L 451 () SRR 2 T WL R 35 0 — e o A P 4

s13¢,. . —613C,,
WA o i
= B 100%
—813C
fl it 4

613C
K, 0°C wwy 6°C MIHEMINE TCE, 6C wily 6°C HIBEARSG T, 0°C wa NEERTY 67C
fB. FEHELR Cy R 0"3C H AR H-32%0~-21%0, 6"°C i FI HCEHIE A-27%02Y: iifg
AR . KR A LR AR 0PC Ml ARIE N-21.6%0~-20.3%0, 0"°C
R ECP M, 9-20.9%0,
K Microsoft Excel 2003 # A1 Origin 9.0 FA4x) £ s 247 /b BEFIZ: 1 FH SPSS 20 4t
TR BE AT 2 3 B EH AR (LSD ¥, 0=0.05) FIAHZME 0 (AN ZE ANOVA
%, 0=0.05) .
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21 MEMRIAMGTIESRS RS BT AHE

MFE 2 FTBAE Y, ARE R 2R R R HUR SR Rk Mk L, TRt
SN A RS, BANT 3.5 gkl MIRGHUE, BEZIEIIBIEK, TEEIURS
BRI, SR NTEHAT L, (@ e KA A, AR AR, 1 ELAE b
TR G ET, A HUR &R S TR T A LR R B RN
BUR S BRE, BT 5 gkg', XA AL B TR K3 BERIAE M B G, S8
HURA 2RO ek By i H 3 MR & 8 ik 21.6 gkg'. [ 90 AR E ALK BN
(R = AN X P, AR IEIRE A K rE )y, E KB R K, T EARIA AR 1,
AT LA B K i A HUR Y. e I MR A R, AP 452 gkg!, X EER
H 2 2 AR K A i, K FAR /S, T LA R, R RE Y e ok,
[ e i 20200, L b b, R E A AL A A mﬁ69gkg,%ﬁmmw %
PN T oK M 3 LT & A B i, Ak 19.7 kg 1 26.4 gkg!, X ATRER T
15 RS E I R RS AT R DA S K M R T 39 L A 12,

ﬁnEi%pHE%f7&%SZ@,%ﬁ£Mﬁ TR W 75 R A o L
T 2R, SRR, 24 10gke UL, BEiA378 gke's SHHIE,
TKRHZRHAE. FEBN, ﬂ“$&%ﬁ:ﬁﬁ35g@ BLR.

=2 X IRAEARTB LM B I BB LA AR

Table 2 Basic physico-chemical properties and aggregate composition of the tested soils

o FIURLATUR A (PR FR L) B AR A R
B G Orga)r;ic 4% Total 4 Salt  Mechanical composition Aggregates content/ %
: w T .
Suvble PHORO) oy hECH - Somens BELHD PR gy mumes
Ngkg™ gxe ge Clay Silt Sand Macroaggregate Microaggregate
/%V %V /%V
BS1 8.7 33 0.3 11.9+0.0 0.11 4512 5476 0.11+0.04 11.58+0.62
BS2 8.5 2.9 0.2 37.8+0.1 021 6836 31.44 1.10+£0.23 18.060.89
WS1 8.7 2.9 0.3 22.240.1 171 8172 1657 0.42+0.03 33.23+4.14
Ws2 8.2 45 0.4 12.5+0.1 530 8621 8.49 2.31+0.18 28.61+3.10
WS3 7.6 452 2.3 5.8+0.0 549 8866  5.85 7.78+1.00 11.58+0.21
WS4 8.6 21.6 0.7 10.7+0.0 5.86 84.93 921 3.79+0.26 55.58+1.56
FS1 8.1 6.9 0.6 3.1+0.1 5.09 91.03 3.88 1.86+0.29 31.75€1.97
FS2 8.4 19.7 1.1 2.6+0.0 8.16 91.26 0.59 1.68+0.64 3.56+0.39
FS3 8.8 26.4 1.2 1.4+0.0 636  93.22 0.42 6.16+2.03 10.06+0.47

mﬁzTuﬁﬁiTﬂi%ﬂ%*iTi%ﬁl SRR A R AR & B AR R ESR .
SR, TR IR R AR S B, MR TR LA R R Ak, FRAER e
KRS ﬂﬁlwﬁ%%ﬁﬁmﬂm&hﬁiﬁﬁmﬂi%kl RARE B Bk,
%%mﬂi%ﬁl%WQE%m<7m% o HpHbZ RO B G TR B RS &K, M
3N 2 T 3 K B R IAR S =8N T 2%, (HE KM KFRASER R (6.16%) .
HHREFLRA, ﬁ%f%?ﬁﬂ A VLR Eﬂﬁl%%ﬁ&%ﬁﬁﬁ%%ﬁm 3 Fhtdth
FIFHZRAT M A RS B m T R RA S & THEgCH IR A Rk & &0 58
11.58%7#11 18.06%. & éﬁmmmmPET*Emmi%MI IR B PN 55.58%,

FLURCA B AR AR, 175 =5 38 L 3B SR R A B I o Vg 3 R B R T
Tﬂ%i%ﬁl BRI, SHRE R L3 b, 2 BN T K M - 334 A R A B W
K.

TR RA GRS ARG ELEEZE MR =091, P<0.05; B 1, Mm5HHE
N WW%ﬁTm%me)»mw>m%&x#”%ﬁml R e W AT f R
Mi%ﬁ%ﬁﬁ%kmm TEDTRARAE RBRIR, o 0h P24 2 B SR AT B ) 26 B e 5 90
TR SR A AR 5 K () JORE 25 WL 20~ AR B /N B JBRE A5 LB, T i T A 8 R AN AR 2
%#%@I TR B s BEAE AN T4, Rooe K TR ARG IR, S R s HE Al 11 5%
Mo PRI, KRR E Z AL, 15 R A b Bk & 2 3 e L 5B LR & &4
KRR EMEZEERA .,
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Fig. 1 Relationship between soil maroaggregates and organic carbon content in the soils of the Yellow River Delta
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BRLAA PR K Z RN 3. B =P, SRS, A LA
W77 A fE v, RIS A WU AT Y48 & S AP A IR S BAAERRER . A
[ b R FH 28 7 g b i S ROREL S B MU (FPOMD A LB & &80 (B 2A) , BiEH
162.5~410.0 g'kg's LA LR HRIAEL AT fPOM A LB S = 5P RIES &
[¥] fPOM HIAHUR & 2 AN R 2 AWM AR, AN FIRAR BIRA S5 51 fPOM 1)
AHUR SRR B 2R (R HEHAN) |, B ARG 38 5 SR Rk 45 5 1) fPOM
FREF T RERARLESH POM, 1M HALKE HIEHRARL S POM A HLAK & &
RS o 1K B B TR ARt 35 K A1 R AR S e AR, BUR I S A ik
SRR S LT 75 2 (I T BB NI BUTRRE 1, & SETE A R Ak Y, i B
KB A TRV, K IR R TR 2% 2 R I 5 22 (A LS A 50 ol A A o ) 2 b o
B, PRt EIRPIRARG S 1) fPOM A HLER & B2 PR IRAE S, /N - TR /Rt X 3R
ARG H AR L S 1 fPOM AN S R TiE, H-EMERLREER.

K 2B AT AL, fE 3 R 2R A G iPOM (A HLBR & B m K T 98.2 gkg's KRBIE
1 iPOM FIAA HLBK & 5 S 35 e T Gl B4, T HL 3k A 1 K [ 244 iPOML A HLBK &5 & ) (2
s ER AR AR ) R YR AR T, KRR iPOM B HURK & BRI
I ) B, TR AR iPOM (A HLER & & U 2 BB ETH Ik pa %S . X E 2R T 5
HF RGO 7ORE R AR AR 2 I, K BIRARBRE R RO B8 2 O B A .l A
iPOM H1 T2 H3ERKLY ORIV E TR A= IR IR 45 E T, 5 KRB R 4 iPOM A EE,  H
PGS £ AT LR R4 m] ) PR AR,

35
900 -
A K] fPOM (53~250 pm) 2008 XYY iPOM(53-250 ym)
fPOM (250~2000 pm) Y77 iPOM(250~2000 pm)
- b a
' 28
=720 | ay |
X | /
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Fig. 2 Organic carbon contents in the soil particulate organic matter (fPOM and iPOM) and mineral-associated
organic matter (mSOM) in the soils of the Yellow River Delta relative to land use
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RSB NURAR, 5045 65 BHUR A HUK S 25 8K . 5 e et I Af E,
MR A AR KN T mSOM A HLEK & &, JUHUZ M 25 A B4R K FLIE H 138 mSOM (1)
AU ER R, 298179 gkg! M 18.9 g-kgs I NFEHE, mSOM A HLIK & EAH
SRETE, HEHEANE-F R X 3% mSOM HIB KUK &8N 3.9~7.7 gkg! (B 20) .
23  MNEMBEIARGEHIERR ARG RS EHESTRE

WF 70X A WU A FRAS A 3 fis . 4R L, WX 2834 fPOM ekl & T
iPOM. 7E FH JCAE Y e b ) S M5 AR PR i R rh, J0RE A MLBE 2 I B S ik S B S
Jo FEAR B 35 o TOAR 5 X R 1) FH ¥ 3 0 97 B RS V6 P S0RE 25 B AL 20 E B 20 o 11.9% 4
12.8%, B ML ESHEIT L.

Eh A T IR S A WL BC B o5 35% AL, Herh T A6 K BT ) 20 i BL B
IEE) 75.2%. LIRS A HUT 3 ZRIE T A E o Y B s AR iR A, S A 7
R 2B AN PR EE R 28 I L R RE M o SR A 0 A K AR K2 Bom i e S E R
PAR AR BRI AR B AR IS e & . B, AR E KPS, Sy I g 5
PALT TR MRRIE, R T BIERIRRIE K. [FR, W IR AR S R G K K IR
T, AU EMNT S, HRTHEARGNREE. BEaSERREREK (k2) £
MRS B 5 22 1 fPOM, [N 13 A4 R AR 445 A 1) iPOM (AR B, X 5 3 3 4 BT gt
FEERAH—E Ak, AFRFEHAES RAEA VR IR0 e Z 2K 0. HEER
O, G, BRES AT BB R S B, KRR A e
EEREIIRAR, LB R Z KR RA (R 2) , FERHIEE R S 88K (1.71%) , ki
BRI (16.57%) , AFIT BRI N S BR A H HUR a2 2R, Bk S A L
Ji 5 B EL A

B 5 Vi i LA - R T B, 3R R A AU 43 BiC LB BRI o A 3 R R S
WUTCN 54%, 1 EKRHWANZE H RS A HURIITE 20%0LF . X FERETMER AN
BHETR SRR T 3 R AR g™, (il 3 Wk S A HUR 225 T BRI RS 1T 2 LT
BRAEEN, WESEMAEYT L. TR DNEER SR AL LIRS
HE B BRSO, KB B b, ke e I B R L& AP (% 2.,
DRI, 2 FHORT 5 A - 358 () ks 255 LR 29 e bE e (G T i 43
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Fig. 3 Proportions of various fractions of soil POM in the soils relative to sampling area

24 EIMEEAFGE IR E R IA B BRIRE MRREI RIS 8RR
T IX IR B R A AU 7 A @ VERR R AL SRR A 4 s . ANSFEA LS 2 1
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TALIE N AR e bR, PC mEMANLIRIL G BB, itk n], WF X @A
JEl#E RS, fPOM HA B AEMEN BRI, iPOM X2, mSOM HEw A . iX 5 SixP”
(P FE 45 SR — 5, R 30k A5 LT PR 25 A 1 5 AR B R R, e 2 5 5 52 B RHE S
NG RIS D4, BT TR AR R e S RaENURA S, M MEaSaIRZ
I RIRR e A VLA 5, AT R R [ B T

IR, FETCEMOEH . EhA R AN 23 3 BRI 7R, 33 K SR AR S0k 245 ML
JRZL 5 1 07 C BN T RAR BRI A H LT 41519 07°C 18 B 6" Cipom 250-2000 umy < 0" Cipom
(53250 um)> O CipoM (2502000 um) < 0> Cipomt (s3-250 e FI WL (0 SR AR 255 HLITR A0 247 A )
FIE AN T K BB A R 25 WL » Six 255 MRS 7 280045 51, BIBEE KLAR IR/, 61°C (oK,
AT R YRR . 5618 3 AFEA VLR A 2 o BCLLRRE /T LA, T gt 1%
WURH 7 D a5 SRS N, T8 TRE e G aEqd, #hAEE Y S IR & A
WUR o Be beise s, HANUR AT R YRS, 8 TA AR B PR 2 s T (E - Hh
RIS, TIEPOR S AR 2 BC L FRR, IR e ik e 1 LU AR X B
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25 | Jay
L ]
@)
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Fig. 4 Biplots of 6"*C of soil particulate organic matter and mineral-associated organic matter relative to land use
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Abstract [ Objective] Organic matter in soil aggregates (POM, particulate organic matter) is a
biologically and chemically active fraction of soil organic matter that plays an important role in
terrestrial carbon cycling. The objectives of this study were to characterize the fraction of organic
matter and to analyze stability and sources of the soil organic carbon pool in this study area. [Method]
Soil samples were collected from three tracts of land typical of the studied region in land use, that is,
barren land, saltmarsh and upland, for analysis of POM and stable organic carbon isotopes. [Result]
Results show that the content of soil organic carbon presented a curve of first rising from barren land to
saltmarsh and then declining from saltmarsh to upland, and was found in a significant positive
relationship with the content of soil macroaggregates. The organic matter in soil aggregates could be
fractionated into free particulate organic matter (fPOM) on the surface of macro- (micro-) aggregates,
intra-macro- (micro-) aggregate particulate organic matter (iPOM, 250~2 000 pm) and
mineral-associated soil organic matter. Contents of fPOM, iPOM and mSOM (Mineral-associated Soil
Organic Matter) were quite low in the barren land, but soil organic carbon content increased
significantly in the three types of SOM in the saltmarsh where some halophytes began to grow,
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reaching as high as 410.0 gkg', 98.8 g-kg' and 18.8 gkg' respectively. When saltmarsh was
reclaimed into upland, the rising trend of the three types of POMs leveled off. The POM (including
fPOM and iPOM) accounted for only 20% or below of the organic carbon in the barren land, for
41.8%~75.2% in the saltmarsh that had some halophytes growing, and for 54% in the upland. In terms
of 0"°C, the three types of POM exhibited an order of fPOM < iPOM < mSOM, and the three tracts of
lands did an order of saltmarsh < upland < barren land. [Conclusion] All the findings in this study
demonstrate that although the content of total soil organic carbon is relatively lower in the barren land
in the Yellow River Delta, it has a relatively stable carbon pool consisting mainly of mineral-associated
organic matter, which is highly affected by marine originated organic carbon. The growth of halophytes
in the saltmarsh (wetland) increases the content of total organic matter in the soil and its relative
proportion in the active carbon pool, too. Soil organic carbon pool is very sensitive to changes in
environment. Cultivation of corn and wheat lowers the relative proportion of active carbon pool, but
enhances stability of the so carbon pool.

Key words Yellow River Delta; Coastal soils; Soil aggregate; Particulate organic matter; Carbon
stability; Carbon source
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