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Distribution characteristics of organic carbon in aggregates of soils of three

ecosystems in typical Mollisols of Northeast China
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Abstract: Using fractionation of aggregate and occluded microaggregate techniques, the present study was performed to
determine the organic carbon (C) content in aggregates and subfractions within aggregates of three ecosystems, including
the grassland, farmland, and bare land in a long-term (27-year) trial in typical Mollisols of Northeast China. We aimed to
analyze the links between aggregation and aggregate-protected C, and to reveal the physical protection mechanism of organic
C stabilization of Mollisols. We found that, as compared with the farmland, the grassland showed significantly increased soil
organic C (SOC) content by 7.6% 3 in contrast, the bare land showed greatly decreased SOC content by 14.1%. The
grassland promoted the formation of macroaggregates (> 250 pm), especially the large macroaggregates ( > 2000 pwm)
and significantly increased the mean weight diameters (MWD) of aggregates and thus aggregate stability. However, the

proportions of macroaggregates and microaggregates decreased, while the proportion of silt and clay particles increased
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accordingly in the bare land, indicating a deaggregation effect. As compared with the farmland, the C contents in
microaggregates and silt and clay particles decreased, but increased the C contents in macroaggregates and all subfractions
within macroaggregates in the grassland. Compared with the farmland, the C contents in coarse particulate organic matter
(cPOM_M) , occluded microaggregates (mM) , and silt and clay particles (S&C_M) in the grassland increased by 600% ,
54% and 65%, respectively. In the bare land, the C contents increased in silt and clay particles, but decreased in
macroaggregates, microaggregates, and in all subfractions within them. Carbon associated with silt and clay particles as
passive C pool represents a major part of the total C stock of Mollisols of the three ecosystems, which accounted for 52%—
79% of the total SOC. The accumulation or loss of Mollisols in Northeast China was mainly due to the intra-aggregate
particulate organic matter (iPOM) fraction as relatively active C pool. The increment of organic C in the grassland relative
to the farmland was primarily located in total coarse particulate matter (total cPOM) in macroaggregates, which was three
times of the total increases in bulk SOC in the grassland as compared with that of the farmland. The loss of organic C in the
bare land relative to the farmland was primarily located in total fine particulate matter (total fPOM) in microaggregates,
which contributed to 60% of the total loss in bulk SOC in the bare land relative to the farmland.

Key Words; water-stable aggregate ; occluded microaggregate ; organic carbon fraction; long-term experiment; black soil
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X3k, AR 240 mo, %X IUE Tl KB 2= RS, AR AR 1.5°C AE 4 BE 7K 3 550 mm, 80% 4 1 7E 5—9
A fEWAERCERKZER 120—130 d, K FE=10CHRAE N 2450—2500°C , 24 H B4 2600—2800 h, TG
FEID 120 d Zoth . FERERIZ L B I NEAE 10 H R IR, oRER 2 & B IREE R 185—227 em, 4F 3 A JF
RRELVR, B2 7 A AR IR 240 d 247, RS D020 i 1 ARWR - R B TR R L PR IXA
100 4ELL bRy BAE g 5, FF B AT A SR A 2 AL R Ak Ffa)
1.2 R SR

KA RLER IR T 1985 4F I HE 3 FiAE SRS (1) FHA B R SE (Grassland ) , IBFHKRIN 24 A LA
FH e AL R A Bk B AR R, A 9 M B W ( Leymus chinesis) | & ¥ ( Cares sp.) | [0 3] ( Equisetum
arvense) %5 ; (2) BRHIA: S RS0 (Bare land ) , BHAFETEAEY) A KA I01E WIRAE ) N T4 BR R4 DI ER IR
(3)KHAB RS (Farmland)  MEDIFIE 7 M /INEE - B K-KRGEAE , —4FE—2H | R LGB E =, 1k
K AT 4—6 WHHE , IHEIREE N 20 em , BRWGR S VEY b EI2M R R . FEVIGILE /M & 120.0 kg N/
hm* .55.0 kg P,0,/hm*; £k 150.0 kg N/hm* 75.0 kg P,0,/hm’; K& 32.3 kg N/hm* .82.4 kg P,0,/hm*, 4
HAES R E 3 MRE/NXH) 3 EE /NN 224 m®; FHEFERHB IR 20514 10000 m® F1 6670 m?,
FH TP 3 T AR R, 23 I BEAI LA 4% 3 e VRN S T3 i TR 5 R SRR R E Sl 0—20
em, SRAEIRE A 53R T AR B FIAL NGB BR B/ INX/RE DT BEPLEERE 5 N BURE B, SRR R AR S 1 )
BEN 1MNRE T, RACERNS E e M S2 80 %, FEh BRIk A R AR IHA A, 2 18K ik 29
FELEE , IR Bl A SRR BT, R 2 TR, A& FH . 1985 AR B0 1 1R BB )2 - S JIE gtk
T :pH 6.2, ALK 31.3 g/kg, A 3.0 g/kg, AW 25.8 mg/kg, B 191 mg/kg, MR B ILRHFIL I B
k1,

F1 KT ENERER

Table 1 Selected soil characteristics of different ecosystems

HA R G £ H L5 RHE HUIZH BY, Mechanical composition/%
E ‘m‘jVin Total N/ ( P ) EC/ Bulk density/

cosystem type (/kg) 2 (m$/m)  (g/em®)  >100pm  50—100wm  20—0um  2—20pm  <2um
B S RL Grassland 2.9 5.92 10.7 1.08 0.31 12.39 22.86 29.10 35.34
WIS RS Bare land 2.1 5.75 10.1 1.14 0.05 12.59 22.88 33.28 31.20
RHAERZRS Farmland 2.0 5.55 13.4 1.06 0.18 12.49 22.87 31.19 33.27

1.3 +HERHIT

T HERE SR PR L B2 LRI R R v, 45 510> 2000 wm HRR(ILM)
250—2000 wm HIRMA(SM) AR (m, 53—250 wm) FIHPKGRL(S&C, <53 wm) ;55 4 ¥4 1 71>2000
wm FRE (LM) H1250—2000 wm A (SM) 5 H 28 EARBUK TR (M, >250 wm) 15 g, R A
By B e B AT A5 RHLIUR A ML (cPOM_M) | A1 25 25 68 B A (M) RS Kl A7 (S&C_M) 3 55 =48
SR 0.5% 7S B TR B T 43 B S P SR A4 (m) |, AR 3 40 J00RE A5 LT (FPOM _m ) FUBY Kl bE ( S&C_m ) 5 5 U4 . R
FH 0.5% 75 i B TR A A W 4 B P 35 5 0 3R A (ML), 53 3 40 UKL AT ML (FPOM_mM ) FDE AR ( S&C_mM)
FiAa 50 F 60°CHETFRE . KE45 25 0 435 45 2 B 41 A Fiehi A2 K /INBEA T I 28 83T, 15 BBV HLIBURE AT HILIR ( >250
pm, total cPOM) 3400k A AL (53—250 pm, total fPOM ) FLEKI KR (<53 wm, total S&C) .
1.4 Mk SEdRAL P

t3Ee+ AR K A R AR N A A HLEK SR H 9T R BT 30 € ( Heraeus Elementar Vario EL, Hanau,
Germany) , A2 A P OR & i R £, 1 38 B BI A HLAK 5 1 SRR RS R M 48 b >Rk A2 & B 48 ( Mean Weight
Diameters, MWD) ZEATHEIR o S [ AL FEIR] 9 22 57 0 Mk 8 i SPSS 16.0 SR LSD kAT 44007, i bk
K65 P<0.05,
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Fig.1 Fractionation scheme to isolate aggregate and aggregate associated C fractions
total cPOM ; BAHBURIA HLIT , total coarse particulate organic matter;total fPOM ; BRI A L , total fine particulate organic matter;total S&C ; &

MIZEHL, total silt and clay particles
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Table 2 Weight proportion of aggregates and subfractions within aggregates of different ecosystems

ARG Ecosystem type

+ e 4y
Soil fraction HHIAES RS HHAS RS RHEEZRG
Grassland Bare land Farmland
224 Bulk soil LM 359 a 0.2b 2.4b
SM 41.0 a 33.0 b 353b
m 122 ¢ 38.2 b 40.2 a
S&C 10.8 ¢ 28.6 a 22.1b
KATEAE M cPOM_M 162 a I.1b L5b
Macroaggregate mM 40.6 a 215 ¢ 25.1b
S&C_M 20.2 a 10.5 b 11.2b
P& S AR IR mM fPOM_mM 12.1a 43D 5.1b
Microaggregate within macroaggregate S&C_mM 28.5 a 172 ¢ 199 b
AR m fPOM_m 49b 7.7 a 9.5a
Microaggregate S&C_m 7.4 b 305 a 30.7 a

M: KR (>250 um) macroaggregate; LM >2000 wm [ 214 large macroaggregate; SM; 250—2000 pm #1514 small macroaggregate; m: i
15K (53—250 wm) microaggregate; S&C : ¥3EEFL (<53 wm) free silt and clay particles; cPOM_M: K SAHHIBUR A HLE (5250 um) coarse
particulate organic matter (POM) within macroaggregate; mM ; P48 25 A 2R {A& (53—250 um) microaggregate within macroaggregate; S&C_M: ¥y ZlhL
(<53 pm) silt and clay particles within macroaggregate; fPOM_mM . [4]%5 25 A1 5 A v 41 UKL AT HLJTT (53—250 um) fine POM within mM; S&C_
mM: &AM B EERL (<53 wm) silt and clay particles within mM; fPOM_m 8P 5 A b 40 R AT HLBE (53—250 wm) fine POM within
microaggregate; S&C_m: (A BAKFH KL (<53 wm) silt and clay particles within microaggregate. [R147 7 [/ 578k Fe 7 ] b ¥ 7] [7]— 4 43 3. 25 2%

5#(P<0.05) Different letters in the same column mean significant difference among treatments at 0.05 level
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(M, >250 pm) K FEAEEIER, >2000 um FZE4A (LM) Al 250—2000 wm I ZEAK (SM) 2 F13k 77% , i i A
FIR(m) RS FRL(S&C) BT & ELBIAIRT RN, 5 - BE TR 1Y 10%—12% ; 4% F R4 b 45k 40+ 1 141 SR A F
B R/ NEFEARE 248 m> SM > S&C> LM,

S5 HAH EG , R H  HER AT SR R i i EHn, JE U > 2000 m PR S 36 A &, 240 4% B ALY
15 15, TR0 B AR RS B & i B ARG, 20 S R 70% 11 51% , # 1R AT SR AR PN 3 4 43454k T 1404 (i 3 44
Jn, Hirh cPOM_M .mM F S&C_M Z3 51 A4 I+ 369 10.8 4% 1.6 f5H1 1.8 £ ; mM N #B4 50 fPOM_mM FI
S&C_mM 73 A ) 2.4 A5 1.4 45, THATRARNTFLL 5 (POM_m Fl S&C_m & #3410 2 N, 4300 BE AR
48% 1 76% , #H1 + HE K AT R R T A1 R PR e B 344G T 1 g, R et 7 i i S8 3 . 4 oth - K A SR Ak 25
T B R BN KA R AR mM B0, Ao 2k (S&C_mM) T80 B 2.

ARAESRGE T 5K ER RN EEE 50
AR SR B E o b A B A SR A (1 - 24 T

e

o
T

R AN, 4 A FALTE 3.2 £, W T L

RIRIORGE e MU IR IR PR TR BRI T o2 |

AW HGH E2E IR RE (1 2), =k

22 LHCEATOLB EHER KRR AT B 5 00 ]

A LRI 5311 : , b
= 04

AFEBRSG T HELSA YLK (TOC) FH AT
AEF I . R > A > BR A (3R 3) , HACHAH L, B
TR B ER NS 32.7 g C/kg +, B0 7.6% ; 4 iy i A

o e o AR Z i %A Ecosystem type
M IEA RS E THZE 261 g Ckg -, FFIE N
14.1% , ANFAEBRG T A LK EAS [FURLAR A R 4K rh B2 FRRAESESETHEKEEARGHINERER
)40 A 7E B ﬁ%ﬁ(;ﬁz 3), B T HEA ML 2N, Fig.2  The mean weight diameters (MWD) of water-stable
ﬁﬂ:j([ﬂ % Mi( =250 M m) , Fﬁ 5 Hﬁ fﬂ% Jj_i 0% , ﬁﬁ 1’%&@ aggregates of soils of different ecosystems
RRFRD B A BB L BIARXT /IS, 4390 R 13% F1 7% 5 4% T FNAR- b -+ 3 BLAK 32 2201 T3 AT SR A F R
AR, P35 BT o5 LU AR Y, ol 35%—42% .,

TR A R R A AU & B TR E R R 2.1 1%, H R4 450 A WLk & w3595 B
i, For cPOM_M .mM il S&C_M A LK &t 34 1 73591 600% 54% F 65% ; 1 A1 SRAARFAR FA AT LA % 134
TR, 7 BRI 66% 1 54% ; i A1 B IR N ERZH 4 fPOM_m HI S&C_m A HLER > BIFEAE 45%F1 79% ., 54k H
AHLE , BRH A SFEAR FRL (S&C ) FHAT LA 38 I, A TSR AR LI SR A4 S FE 45 20 o A WL IS A BT R %

F3 FAEESRETLEEZENR TEARGCRARGHNBAS FANBRND M/ (g C/kg L)
Table 3 Organic C content of bulk soil, aggregates and subfractions within aggregates of different ecosystems

HEBRGFT Ecosystem type

Ry

Soil fraction WA SRS A SRS RHEAEBRS
Grassland Bare land Farmland
4+ Bulk soil TOC 32.7 a 26.1 ¢ 30.4 b
M 255 a 93¢ 12.2 b
m 43¢ 113 b 12.8 a
S&C 2.1¢ 5.7 a 4.6 b
KIARE M cPOM_M 7.8 a 0.5b 1.1 b
mM 134 a 7.0 ¢ 8.7bhb
S&C_M 43 a 2.1¢ 2.6 b
P25 A A 2R A mM fPOM_mM 51a 2.1b 2.4b
S&C_mM 8.1a 49 ¢ 59b
PR A m fPOM_m 2.1¢ 32b 38a
S&C_m 1.9 ¢ 8.1b 9.0 a
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2.3 L HESCRSORAT LT | S AR AT AILBT AR R R i A HA ML B

WK 3 fis , AR R G IR LLERBBEL (otal S&C) & 5 . total S&C &5 K /NG H Ty B > 4
> 25 5543 E003 9 h 87% 84% H1 67% 3 5 total S&C 5 FHaFKH I, S 4R A LT (total POM ) F/ NI
FF 9 B > A T S 5 05000 00 17% 15% F1 129% 5 SRR A ML (total cPOM ) B Ml &5 e 5, 24005
16% , A< R & AR/ AN 1% 7440,

AR R G A AL TE + 34 2 3 i o0 A (B 4) o kb R HH AR LA HLERTE total ¢cPOM | total
fPOM F1l total S&C 43 it Fe 91435 °h 25% : 23% : 52% 3% : 23%: T3%F1 2% : 19%: 79% ., #ALBRHILL total
S&C A MUK & B d5e i, T i LUl R 529%—79% ., Sk AR G, HE b5 AL total fPOM A AILAK &5 &, )R /1N
W BEFRAR T total S&C A HLER & i (H B F 5 T total cPOM A HLER &, HAHLER AN M 6.8 g C/kg +, 2
RS A B SR AL R 3 A%, B, EVARE | B A PR ) BAR FEEH KT total cPOM A HL
BRI, #H 4% B 135 total cPOM Al total S&C A3 HLEK 25 22 5 AN 53, 1M total fPOM A5 HILAK 7 il (1%
T M, Al WL, #Hb - A HLER A E EEIH R T total POM BYB/D | X BUA HLBRF 2% 0 TTRkR h 60%

or i B SR [ AR [ ERARL
] #ih a 35 HR HHL5
Ll b
gl Ok oL .
£ c £ a
= = 925 1
= gﬂ\g 20
0 & e
2 a0 255p L2
£ 4@.2
ﬁ §n 10 - a a
g% 20 a a b 3 . b
C 5+
0 LL' .:|—_—‘ 0 b &
BORBRAALT AR A AL BB LS B A&
He 25 F 45 F ) Ecosystem type

AL 4y Soil organic C fraction

B3 AREESRETESEATNAEINR. SEFRENRNE
Fig.3  Weight proportion of total coarse particulate organic

matter, total fine particulate organic matter and total silt and clay

B4 TEESFGTESATMEIR, S HEBE AR E
MR P AR E
Fig.4 Carbon amount in total coarse particulate organic matter,

total fine particulate organic matter and total silt and clay

particles in soils of different ecosystems particles in soils of different ecosystems

3 Wit

B BB K- BT - 6 ML) T i A 5 e 2 ) A sl AP, OGS () A 2 R e 2 A Ay i 1,
W, 2t 27 4 3 AR S RGA A AR S kA BB A S M R B SRR I b AR S R Gt e, AR HAE
BRGE D, AP 5 R AR S RG AL, WA BE & HES RGEMEDIOR G RS2 ke
BERG ACE T RAIAH R HAE N B RS RG ARG KI5 IR SR R IH 6 T | P fii A &
(6872 kg C/hm®) i35 i TACH (242 kg C/hm*) ") 5 IBRSG HY BER, w0 i AE 25 RS0 44T e HE s 2 (4786
kg C/hm?®) B &R TAR M ARG (4224 kg C/hm*) P K0 B A 25 R G0k AR (BRI A S 2
Z)ETRHABRG, HIEA TR RN R, #bA S R GRS 248 SR H SR 3 F S RS i
i (2025 kg C/hm*) "™ (HHH TR IWITCAMEA PR A, L, AL TaRit it #2 . Ak I 58 B HLIR =
THRHARIL T ARG M ERFSFFREBRAY 55 1 T U TVEMIAR 58 SR 28 43100 e e iy AT A L S8 1L 1) £
Rl B EEEH,

AFASRGET T HEAYURES Y5 A2 A UK Bl - e SRR AL e 2R 73 5, BE TS W) SOC AEAN Rl KA ]
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BRI AL, A 25 27 4ERIBE A ARIKE N RIS , A MU S AN R 32.7 g/kg, HIEAIRILFLE
KRB, T R ARIR 1,74 mm (B 2) o SUEEHAE ' 3403 b bR 0 22 7 IR 56 i 45 S R, TEfE 50
BEHESMT , KNG DLICHLUBC G AR B 28 A WL 55 R 39.4 o/ke, 112 B AR 0.74 mm, Xt L4
Brae i R EBRVER 2R 38 A SR AR 1 v A A A LS 1 I A LI 285 390 9 28 A0 TS 2 A5 AL 11
Bk, MRS SRR R B | R ZR R A A 222 K AT SRR 1 2 B e 48 791, 7 i A WL 2 Fl A SR AR 1Y
JReatF ) A DR A AR A XY, JEH> 2000 wm BRI S A R M X
VIR 2 DOV B ARG VBN HARE S RS AL 28 R SR S 5 B8 TR, 29 g iy 23 4350
P PR R AL SE TR FR 3 i 4 S RN 2 ORI R o, AR T MR A R AR I S e A
J2, A% FST B HBE DL 8 — & ELEE R T KRR, R TR R K LT, W2 m T KRk,
e HIE>2000 wm FRARAIE SANER A2 5 1M JCAR 2R AR A 4 LF AT >2000 wm BRI, 51U 7E A2 0 49
Bk A AT SR ARTE B A SRR [l Bst, ( 5 22 119 SOC ) K AT R B 4, fif K AT SR A A B A7 1 R, b
- HE R TR A AR BT R A e A oA B R RE AR 3 P R A LT AR o BE
T 1 3 HLS 9 40t , T AR Ay S P SR A 1) = 8 e 445 00 S g ik 1) A 45 5 | b AR 5 0 s M AR )
A ZE WA PR SR AR 1) s e , S T A AIC T e oA ML 5 2, 30 T R o 4 43 S A WL 5 1

AR RS T A HUBRAE SRR A DL S 40506 A HLRL S BB b 5 20 B B R A [ 35 M Bl
B P 3 BRI L BN [R] 52 mm 1 SR ML R iR e M, 5524k TR L, R i - SRR O A 1Y) SR R R4S G
7 HLBG 5 1 R L R ATR, 15 A i 1 S RO A LS ) 5 2 R L 0 386 o, 3985 WL I 1% e e T A1 5 A
R, R 38 SORLASURE A AL SR A0SR AT AL A BILRR 5 2 R AIG, BB KR 25 5 A AL B A XT3
7, R e AR P A A MEAR X 3580 . JCIe I Fh AR 2 R Ge 2l + HEs8 LU ROR Bk 45 &8 ML 7 2 B i
o B LR 529%0—T79% (P 4) , XSEHR T ARICE R SRR Bl 2.1 B e Yo £, T
11 BIREH9,2:1 BZEH9) CEC &b m, Fe R mAUKR, il A HLTR A W R A AL g i3 e IR,
Kk Je S A LB A AT 1 A LA R 1 B 2 2 7 MILRR 0 T B4 AR 0, SR HTRA EL , 0t - A HL
e A48 o = A PR R T SR A PR BUR AT AL AR & BE R3S I, RIS A SR R MR T % S 1 8 4R )
A HURR 0, A LA A AR R T DA R M e R LR AR N SR, AR A SCIF R R, B
T REFR LT 8 AR YL A ARVKT , 13 SORLSURLAG HILBT | S R AL LR R R A 2 B e X S PR
WM TTRRE AT 50 40% 41% F1 19% % 0 i FRrRS R 2 1 BUA BR |, HE 458 DL A7 72— A e K 7
T RIARME > T AR T R KRR AT BIURR T 0T s B0 AR R, DR B 22 R B AT DR 1) 4%
KA AR T B | [ 70 6 P A G 5 1 A8 HIL i JE — TR A HIL T ( intra-aggregate POM, iPOM) Z B -
A HLB YT B S 20 PR A SR A b S A OB A AL A LR PR % . 25 1 mT DA Hh Bt 5 4 A AL 1Y
SR F2 I TP AR A WL P — P SR A P R A ML 3 I ks ORA LR X A S R G
AN AS AR i 7 L A 3 A LR SR R A, AT AN AR S R ST R HEA R AR TR A — AU ds R IR

4 #ig

(1) Zead 27 47 3 FiAE S RS A EHEA MU R & A B4 53 . S EAH HE, 50+ 30H PR % & 0 3%
PEIR 7.6% ; B H A MUK & 2 03 TR 14.1%

(2) B E T R R (5250 pm) , L H>2000 wm FRARATE AL, #2557 13 B B Fa e v i
A T 33 0 A SR AL AR B A e 1, KA SRR R AT SR A 35 12 I, Bk b S AR D 386, ol - B HL
e AT TR ATRAK, (5 ik 80% 5 A H AR M 4 38 F2 B2 00 A T A1 R AR5 K AT R A, B3 5 LA 24, o
35%—42% .,

(3) HUH R AR AR b A AR 5 o 025 8 AR L, ELHC 4% 21 00 WL 7 35 S 4 v, R ABOR A L
T A ST A R AR Bk A HLER 25 8 5 40531 8 600% . 54% 1 65% ; #RHIE I T Mk kL A HLER & &, 1%
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8 A E = 38 &

R T R PTRARFI G AT SRR rp oA LA &5 i, B SR PRI R P SR A PN 78 2% AL A L & B 14047 BT R IR

(4)3 MEBRGRI TR LLB B RRLES SA DL N T, 5 RIS BB 52%—T79% , AR 1 P
J R A DU A E B G . AR IR LE , et A MR A4 R AR 32 2 R T R R R o LBOREAT BIL
ARSI, D A LRI 8 19 3 A s R S BILAR A 40 2k S DA DA T Bl AT SR A o B A BOREAT ML A8l 36 8
ALK Y TTHRA 60% , KW, 8 A7 Lo A SR AR i 2 3 8 3 3 O 35 M 50 14 A5 ML Bk R — A SR A4 v
URLA LI A3 sl
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