AEE VR A BN LEARGE
DB 73 IR
XFEY AN M 5

(1 EBFA BB A A ST, PR 110016)
(2 HERBFEREHFA AR, bR 100049)

W OE LHOREBENENE, HRUNE AT RS R KR COMKR KPR AL 7. LR
of L3 HURR AT PR AR AR F - A HLBE AR (i N BE mT LA e 3 ML & i, SOnT DA i L 398 A1 SR Ak 1)
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— E DR 3 T A WAL 18 o K2 BN DR R 33 HUBR AN ZME
BN B2t R, I FAR 20 0 4 RS Rrx — R0, AR, AR R 2 1
ORI, T HEAHUR & 8 A B BB N R RN — BN T 2% . Campbell %1 i Kok
304 (¥ 5E AL 0 R I, FEA BB & = 3 1 L33 ey, R HUBR & & A Bl B s N i 3
iR S A i B Chung®F 0 5o I SRR N AL, AR T B HURR KT 58 i
S - e SR IEATHLBRI R A o T2 7 A SRR B A HUB R A, SR AE— 2 1
RSO TR T, RO BUBRPEAZTE— MR P 2. Gulde5 It — B4R,
AU A [ E A AE— MEAIE, — EIAZIE, B A 2 10, LAl
S R A EEIN . £ H AT T S BT ST SE PR L, A SR I BT S AN A AL
Lt P 250 - 38 P SR AR LB A1 (R 520, 32 T I AT LD S5 s A 33 LB AR R 2 1)
MISCZR, Dy H 3R B Tt A 22 St e (it — R O BB AR AR AN AR ST 4

1 MRS T

1.1 B Rt
WIGAEH E R Pk P ARSI 3T, WIS XA Tdbgha1° 327 . R&122° 23' ,
JEE R R W - MR T KB RS, DUZRAT I, WA, EPIRIET-8C, mmH (7
HO F¥SRE24°C, S&H (LA) “FAIE-13C, KT10°CiEshF1iE3 300~3 400°C, KFH
JAEE S 5 410~5 600 MI m2 at, TCREHI147~164 d, FFENIEZI700 mm. T3EYIGART 1A
AP WK L.
#1 R IR TR

Table 1 Main physical and chemical properties of tested soil

be: ER A £ s e T e
Soil Total C Total N Total P Total K Avail. P Avail. K pH
(9 kg™ (9 kg™ (9 kg™ (9 kg?) (kg (gkg")
7
11.55 1.00 0.50 17.57 10.39 103.0 6.4
Aquic brown soil
1.2 Ryt

AWFFRBANEFE: (1) AWEE (CK) 3 (2) H{REEHURIE (MDD ; (3) hER
BUBAE (M2) ;  (4) EEAIUEIE (M3 . “FRBEGHIERHE (FRE) 25150,
10, 20. 50 t hm2, RIS I 44 LKA HLIE SR 107340 2 843 9 A HLAR191.8 g kg™, 42%(13.28
gkg', 441033 gkg", 411391 gkg'. MEFF LT U . R T20024E, 3
WEHE, XA, MXERNI62 M, BETRNRE-EKR-F X,

1.3 BFRF &

1.3.1 FERCRE FEACRE20094E10 H FKINZ J5 o SREER)Z0~15 cm1-AF, AL EEFEH L
INMFERRE N—A R HIRRE R R, R RS .

1.3.2 HIBHEIRAR BRI 43 R PR IR, g R SEIT 10 mmi, HARRT
J&, Mkkid2 000, 250F153 umifi, EAAERIER: FRECKZ100 gL B T2 000 pmH i1
b, HERAE R T AIZEEK S5 min, AAJE7E2 miny B TRERI500K, $#EE N3 cm, S ETE
5 b A R 28 K Pe E R b, @ T RUKEEAT N — R R B, AR
Fo BRI NI RE L REES0C LT, e, &,

1.3.3 FHUERIEE AN B4 (free LF) « BIRAEANMBRAG YR (iPOM) 1
WIS A RARR (MSOC) 4385 R HISix& 77k, 43 B Hh i 1 38 1 B T-60°C HL AR it
T B, BATERSEPANEER. BARER: RIL0.0 g F50 mIELEH, A



35 ml i 91.85 g om P[0T - LW, 7o A7 SEBI10VK, T 107K AN BE A2 o v A8 ol
W, SN SEEhRE, WA RN S shE s aR g O 78 AR AR MaR) , REH10mI
TR - LRV I (P BE R IE AR e N b, B T 138 kPal LA N (HEH &P 7E
AN BZS0D 10 min, “P4720 min, Z 585060 min, F0.45 umJEE AT B g, I
H 2B R AR 7, KR LR T ke, T E e .. SOE T E
YA e BB, B2 B TR0k, IIN0.5% N i E4h10 ml, 7648 R
L EIRF18 h, 4353250 um. 53 umffi s BEPOM, K BT B LETH T L RIRE S P NBEAR,
60°C T, FRE, HEATENUBME .
1.3.4 FHWME I USRS B B 20 0 MUK & B R G R A G
(Elementar Il, fEE) , HJRHEE HE PRI MR TR HCO,, FEHTCDMM
AR S B
1.4 BRI EEGIH

S35 T R AR

MWD =" x; xm, (D
1

L, i NI F LR P ER, mo S B0 E 4 H.
1 81k 45 & ML (Aggregate-associated organic C) = [FIE KA KL% (Aggregate organic

C) — W B i 4 A M (free LF-C) (2)
WG BENE (Mineral-associated organic C) = FIERIRLZE AN (Aggregate-
associated organic C) — [ 544 Py ki A MLk (iPOM-C) (3

TG D e 45 R H Excel AT B BRI A0 404, FISPSSHEAT 77 2404, Z HLLECRALSD
4, ©EKFE (p<<0.05) .

2 ZR 55

2.1 KI5 A A LB BEXT 1338 A 4k 43 A I B

SIMTEE R, AN E A HUBE AL B AR A SR AR 2 R I AR [F] 43, 250~53 pm
RSB, 58S ER54%~61%; <53 pmA B K ., &R ER19%~22%; >2 000 um
FRAE S ERAL, R ERI4%~T%; 2 000~250 pmF B4R & IR R AL 2 lEek, &
SE11%~23%. JrA>53 umA1 544 & R B 78%~81%, HHM3>M2>M1>CK,
Lt S Ak FEERT A A A 22 S 2, U K e FH A WL RS R T S A SR AR R (H 2 =
FAVUBEAEAL N A 54 (553 pm) S EZERIFRBRNRZKE, HHLTIEGIRSE
EFR E AP, 4RSina AR AL X 358 R AR 10 7 A 2L A I B e AR

&2 LAE H, AR B R0 118 2R g A A & & . HoA X >2 000 pm A1 SRR T B
MR, SAMREALEARLE, . (REAYUBEAE T LBH B2 HE>2 000 pm A ERAR I B
e e LR JES U B 2 FEAES T >2 000 pm A1 SRAA 1) 25 &« it v« (K& A HLBEIE X2 000~250 pm
SRR B A SR E R, SEAVUBRREEIERICAEE (p<0.05), FEAL
JEENEXT2 000~250 pmlA] SRARTE BN Ve A 2 2 50 o AN[R] AL BE R RATSR & (250~63 pm) & &
A —w 20, s AREA LI IR AL 2 A 2R A B W AR T AN IR A 2

Hil, MIZRHATHREER (MWD) 1ERTRMG BRI L R, MWD
ETAFBEARFRAENEREACNMIER, fTHX (D RS, MWDK/ AL BT
TR A FORGL, MWDAE O S0 I R B LR G . AFTEAEALEE T, T8 H R Ak



MWD % 7 i, CK. M1, M2. M34EMWDZ; 528562, 705, 721, 581 pm. Hi AT L,
A UL F AN T LA B 5 A A, b IREA HUBEIE AV A B 82K, mE AL
JEREAE P AN B SR BB NI HTLBT AR N S 7T DA vy 3 A R AR 2 i s L i 2
gi), (R TIANEE —E S8 )G, REENMANEN, xf 3% E R L BEE
g, HESEREREN S 2.

F2 FEITEARALIE TIRARFREN S 8

Table 2 The relative content of aggregates in soils different in fertilization treatments

W ERAR S Bk A%} 5B Composition of aggregates (%)
MWD (pm)
Treatment code >2 000 pm 2 000~250 pm 250~53 um <53 um
CK 5.2740.41b 13.23+1.56¢ 59.9343.92a 21.5745.38a 561.5b
M1 6.9940.44a 17.4342.54b 55.7845.08b 19.8047.17b 705.0a
M2 7.53#4).72a 15.8042.07c 57.13+2.65ab 19.5443.26b 721.1a
M3 3.9440.20c 22.8945.35a 53.9542.23b 19.2243.06b 581.0a

VE: F— PR AN A R R 2 FIA B B 2 /K7 (p<0.05) . F[A Note: Different letters affixed to the data
in the same column mean significant difference at p <0.05. The same below
2.2 K1 F A HUBE AL R AAH DUk & R

37t A DB IE A A T A NI R, AEAS [R5 A0S B S REAN R o 2
Rortrarkn, LHEERAKA IR S B BAAAELL TR [2 000~250 pmZE44]>[>2 000
um A5 AA]>[250~53 pm A ZEAK]>[<53 pum A1 ERAK] o (EAE i I ey B A HLEE I 1 0 0 230 L
EAFEFRAE, HA[>2 000 pmH R 4]>[2 000~250 um[A 4], BHRIFTLIEH, =FHEHL
JEE FES A 3R 5 it S 8 ) 8 398 b 2 A SR AR LR & B X BT . S5 AN X FEAR B
AR AT HUBE AL & 4L % R A WU & A & 24k, b s HLUBEAE U 3 35>2 000
umA2 000~250 um[A AR HLAK & R, BRitz 4b, s E A HUBE ARG 580 250~53
umPBURAEG IR S B R E . FERHAZ, <53 umd RAAEA VLK & &AL IE A
IS RE R

3 T EIHEAELIE ARG EHRE E

Table 3 Organic carbon content of aggregates in different treatments

WA H B4 HLEk & & Organic carbon content of aggregates (g kg™)
Treatment code >2 000 pm 2 000~250 pm 250~53 um <53 um
CK 14.6740.15c 16.214.21c 9.88+1.24b 9.74+1.76a
M1 16.97+1.59¢ 18.36+1.31c 10.8940.24b 10.47+.83a
M2 20.6940.59b 24.5642.51b 11.8340.22ab 11.0840.72a
M3 34.2740.82a 27.93#4).20a 12.3640.53a 11.6010.86a
2.3 RIREEHLHK

TE IR R 7 B R b 88 7 — L 5 [ R AR K/ INAH ] (1030 28 0K AT L0 7 23 1) %% 2%
A B A B E AT, FRATTREX 4 WO A HLER A 2 B R ARG MUk —&8 7 T
AN 7 5 530 SR AR 1 Jsz 225490 o B A R S FE AN TR, 5 T SR AR & (10 A WL 52 380 ) P 3 R R A
ANTR], S b b B A SR A L e LB IO R 1 S R DK LR R WLt — 2540 5,
BREHFR A YL (cPOC). 4ifikifT MLk (fPOC). W BB A AN (LF-C) FIl #1145 &
AN (MOM) M2, fy T 135 chok VA A HLBR I & BARAK, KRR LIS B
0.15%~0.19%2, P& b 78 [ 3R (A5 LB ZEL 20 () 73 B 1 AR ep AT AR T %5 78 . BRI, 733050 (2)
=k (3) B,
231 HIRMEEHICE g RTUE N, NEEELET, 5GPk EAE A
250~53 pmA2 000~250 pmA| AR, P FHINZ) 5 A HLEK S E 1K 73.7%~78.5%, “F3h



75.1%, HrEE A YR 54 B 1078.5%. HE IR AT LUE I, i A HUE AE>2 000
um P ARG HUR 2N 2 FEES, XEZER B T>2 000 pmPRA S SRS, M2
000~250 pm [ A4 HUBRIE & 5 2 1 00 (p<0.05) , 43l He Al 3Fh AL BE (K] 2.5243% . 2% A11.65
Ui s A AR 1332 000~250 pm A SRR 2 A HLBRIE A 2 Tz —, 2 T3k A
A B BHE AR - X 5 Chung 2 VR RITE 78 45 e A — B 1 o 18 HLIBE AL i\ & 2 e 454k, 250~53
pmAI<53 pm ] S A HLBR I & 1 T i 2 AR Ak
4 TEIRR AR GFH IR E
Table 4 Organic carbon storages in aggregates of different size fractions

WEAS EARHHUBRI & Storage of organic carbon in aggregates (C g kg™ soil)
Treatment 2 000~250
>2000 pm % 5%  250~53um % <53 um 4%
code pum
CK 0.78c 7.13 2.14c 19.56 5.92a 54.11 2.10a 19.20
M1 1.19b 9.49 3.20b 25.52 6.08a 48.48 2.07a 16.51
M2 1.56a 10.86 3.88b 27.02 6.76a 47.08 2.16a 15.04
M3 1.35ab 8.11 6.39a 38.40 6.67a 40.08 2.23a 13.40
T
1.22 8.90 3.90 27.63 6.36 47.44 2.14 16.04
Average

2.3.2 [ AR H WK 5 H i T>2 000 pm [ AR TE 4 A B o5 1 E 9 & ERAK
(3.94%~7.53%) , XX 5 B R T R H A 3 (10 7 B LA A 7EX250~53 pmlA] 2% A&
HATHREH oy B R ORI, HE B2 A & BIRAK, REAESNE . A S 2
000~250 pm A 51 1 25 4 20 406 WL AT 53 #7 o

w1, >2 000 pmH RAAA WK EZ D DL S/ G P (MOM) IR AXTFE, S
A HEKTI50%LA -, BEEAHUBE AL E A S 3G, FBRA YL (cPOM) B2 &&=
FHHN, MOMIEZ P, 400k (FPOM) A HLER B A B ARML, AR 8] 745 57 &R
AU NA34%. H2Z A, 2000~250pm A 54k P cPOMAITPOMA MUK 7 43 Fr & U BH S5 A,
LFA LA E 7 & 2N S E S, MOMANLIRE 70 & EEF A VU F A S KmE. 2
P50 B A e 5 30>2 000 pm A2 000~250 um [ ARG WAL & 70 & B W B 25
FIBR A . 250~53 pm RARH LR 34> 4 : fPOMAIMOM, B & 15 AL ARt N\ & 1)
B IfPOMA HUER 1 73 & 2P 51, MOMEPE 2 1K

(a) >2 000 pm[# F4Ak >2 000 um aggregates
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S
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(b) 2 000~250 um[#] %A 2 000~250 pum aggregates
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Fig. 1 Organic carbon fractions in aggregates
A ANE/NG FREROR A — B AR R O At R AL B 2 TR 22 e B35 (p<0.05) , A[FIKRE FRER /R | — i
Ak B AN [ [ T b 2 [) 22 5 56k 2% (p<0.05) .« "R[A] Note: Different small letters indicate significant
difference among treatments at p<0.05; different capital letters indicate significant difference among aggregates at
p<0.05. The same below

2.3.3 FIEAEAPOMICPOM  Six25P3A Jy -+ 39 [ 58 & Py FPOM/CPOM 2 15 1 [ SR A B 3
ORI E AR bR BTN, BEAVURALEAN =130, >2 000 um# 244 P fPOM/cPOM
B FEIK, 2 000~250 um A5 A% P FPOM/CPOMAZ AL AN I .

B LM OSsM
b
bc
0 10 25 50
A HLUIE Manure(t/hm?)

P2 PS4 Py 4R A HLAR AL AT HLASE 1 EEAE



Fig. 2 Ratio of organic carbon in fine particles (250~53 jum) and coarse particles (>250 pm) within soil
aggregates
i LM=HRBIR AR (52 000 pmF FAAR) 5 SM=41KFE A (2 000~250 um# 1 FAE)  Note: LM=Large
macro-aggregates (>2 000 um aggregates), SM=Small macro-aggregates (2 000~250 pum aggregate)

39 it

IR PRI S A U & B 35 D) gt R . A5 LI I At PR B T LA 9
Pem BRI A&, TR EYAE K. AR, AR RER (nk), K
it FA AN [F) 2 A HUBEAE T 1358 A SRAR I B B W IR I E o S A MEAEARLE, b, K&
A HUBAE AT DL B3 KA R AR ScE, R HIERMWD, ARIT RS EE. L
BEAREN 35, NSRS S B, Btk Rk s ', 4+
BRKFRAR S BB R — e tBl)s, AU A Rl m K SRR s, KER i
BHUERM S BRI S BT DA REE AU RN, ST 0 1 3Rk 15 5 i v A S AR
Ji PR SR R HURR I B e E R KT b e P A LB FIE 3 AN BE B B A2 i3E>2 000 pm ]
TARMITE AR X T A8 B AT LI 24 7 P P BRI 7 -3 s s A 77 g gL s 1,
SHEMCEMIEVERS SR, (R4 2 A L RS, E15>2 000 wm [ 3R (AT HLER BT 1
P, 2 000~250 pm[A AR ER &, AR T>2 000 pmF SRR . AT T8 K I,
WK1 R 250~53 pum A AR T AN ) FEAE I, SRR & MM%%%Mﬂé
It FLBE A B AL bt FH & 0934 0, 2 000~250 wm 1 ERARA AR I 2 B0 B3 I, S 2 A HUE
AEFER 5 A HUBRIE B )38.40%.  Chen 2P0 1k BiF 9 AN ] it JIE 1 728 o 4% A B 4= [ 5% ww&m
S I, 2 000~250 pm B ERARAHLRK L s 5 152.69%~62.11%. i W 7E e A BT 3%
2 000~250 pmlA] ZEAA XA ALK B0 A7 AR B 2R .

T HEPOME L IEA HUBK I ZAH B 5y, Rl e/ N TR i R4k, KT 445

BSAENEREY, FEICPOMIT) /3 il % L 4 i T IR B E B R . HIRB R L
M%%%ﬂﬁ?%%%%%ﬂﬁﬂmm%ﬁ?i IRZWFTEERY, BIRAPNPOMB FEHE
W AR T30 B POMIY, RT3 ik [ 3R A M 4R v [ R Ak I POMIA B, ¢ 35843 WLBSR ()
ERAHEEZ L AWK CGnELD , B TIERR AR, TEANPOME &=
R 3EN, 2 W - POM & 5 ()38 I 2 L 3B R R DR KR 1) B 20 428 o {H 238 X$ 2 000~250
um PR T R B A 5 BRI, BN RN A S BRI EHPOM (R A& POM)
IR N, T S B3 B R LA MU S B BT, TR 200 A WA S8 28 5 W 43 fi
Al LR FEPOMAIRE I A IR, IXHAE— AR il B e m v AN E R R mT ek

Sixih A H1 % WH%ﬂﬁm%mlmﬁ%EEmﬁﬁ B A 5 %ﬂ%%m?l 2N
POM I 85 45 LA (4 K 00, 3R [ SR Ak FE 12, A1 SR Ak P ML POMIY 23 3t — 25 4 fiR 9 4
POMIL, it LASixik 4] %W%%M%@%M%%EAMI %ﬂ%ﬁ$m¢ﬁﬂm,ﬁ
W HAE T E A5 %ﬂ%ﬁimhﬁw MR RER (nE2) , BEEEHURIERA R
Hm, >2 000 umA]Z Ak P fPOM L cPOMM U A BH 5 FEAIK,  ZREARG A BB, ek 1+
1>2 000 um A BRI W o T ARTT ISP LE R FEAS (7]t A Ak B 6F 5 Hb 21 498 [ S A o st L)
RIAE BBt N B 7 K A1 SR A 1) J ik 26 45 tH DAL P A SR A e 24518 1) S5 R Pl g 5 -
B A S A VRKTA K.

Kool *3I7E [ B 4 45 2 e o AR VP10 mb 1, R HE RIS WUBR (K S5 AR R, 45 1
TR S AN R ARZRVEA O, BE A B\ PRI I g /N R 2 ) [ SR AR et A, B kL
Y I A AR B JE AT, B IR RV . GuideZE M — B IE S T IX—Fip . AWFITLE R



&i%?ﬁﬁ@ﬁﬂﬁ HRITLUEH, BEAPUEIEHAZRIEI, <53 pmARAAA PLox

HIRCH WEAM, 250~53 pm B RAAE LIRS BRI BN, M2 000~250 pmAI>2 000 pmlA
w&wﬂ% W B 1 SRR BB 2 52 Bl A N B 19 0 2 e /S BB TR I I S Bkt
24, BIREA N R 2 SRS (k) « <53 umHl% Wﬁ%oapmaﬁ
A HURRE 2 B A N\ 2 PR3 N3 A W AR Ak, TT>250 pm [T SR A4 BB -5 A5 HH
e AER TR R AR (N85 , vhE Bl LA m A YIRIIEMILS, &MR%
SEOR R P A A AT

4 75

I RS AN R B A MU ARG I, I E AU R SRR, AFERRIEF
W% . It B A YUK R A TE I 2 IS R , /INRLZR ) [ SR AR S v, K SR A 5 T A
& B A HUBE AL P] DA 2t s LR A A, B LI LS = 2 A A LB AE B
EPEAC>2 000 pmPI RS &, FEMWDREE, AR Hggb et AREELET,
AU B AR AE250~53 um A2 000~250 um 1 Bk, P AHINZ) A HLBR A& 1)
73.7%~78.5%. F HLBHEA MBI AR, A PR 3 Z 47752 000~250 pm 413 4
b, LG R e N B SR T >2 000 pum B SR T B 2, g A A WL S B
Ehn, AFF A YRR E . Fik, OSSR EVURIEAGEE Biln, NG
172 o A S A WU AL JS , %éﬂﬂ¢ﬂﬁﬁﬁﬁﬁ@ PRI R fe e b B
%X.%% AR SCAEGE T A MR e FE X 38 P SR A B i 4 43 R 5 B A F RS, sl AT 58 1

%&E%EAﬁm%$%m¢ﬁLmﬁm%mmFﬁm%%B AL TR E
%ﬁ*/ﬁm XPFE IR, 5 BB IR A 75
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EFFECT OF APPLICATION RATE OF BARNYARD MANURE ON

ORGANIC CARBON FRACTION OF SOIL AGGREGATES

Liu Zhongliang*? Yu Wantai*® Zhou Hua' Ma Qiang"
(1 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Soil is an important organic carbon pool, of which any small change may lead to great
variation of CO, concentration in the atmosphere. Soil aggregates have the function of physical
protection of soil organic carbon. Application of barnyard manure can not only increase the content of
soil organic carbon, but also promote formation of soil aggregates, which is of great significance to
sequestrating and maintaining soil organic carbon. In this experiment the wet sieving method was used
to isolate and fractionate aggregates. It was found after a 8-year stationary field experiment on
application rate of manure that application of an appropriate amount of manure significantly increased
soil mean weight diameter (MWD), and improved soil structure, but excessive application of manure
significantly reduced the content of >2 000 pm aggregates while increased that of 2 000~250 pm
aggregates. In Aquic-brown soil, soil organic carbon was mainly distributed in 250~53 pm and 2
000~250 pm fractions of aggregates, accounting for about 73.7%~78.5% of the total soil organic
carbon content. With increased input of organic carbon, soil organic carbon was mainly stored in the 2
000~250 um fraction of aggregates. Manure application significantly sped up renewal of the >2 000
pm fraction of aggregates. The content of light fraction organic carbon in the soil increased with
increased manure input, and accounted for 22.1% of the total soil organic carbon in the soil applied
with a high rate of manure. The ability of the soil to sequestrate organic carbon is limited, and apparent
phenomena of hierarchical saturation are observed. It is, therefore, concluded that in soils deficient in
organic matter, it is of great significance to apply organic manure, whereas in soils high in organic
matter it is advisable to put in less organic carbon.

Key words Aggregate; Organic carbon fraction; Light fraction organic carbon; Carbon
saturation



