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Abstract: [ Objectives ] Aggregates provide important physical protection for soil organic carbon. Organic

amendments strongly influence aggregate formation and its organic carbon stability, quantifying the relationships

between organic manure addition rate and stability of organic carbon in aggregates could provide valuable
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information for better understanding in soil organic carbon sequestration mechanism. [ Methods ] This
experiment was carried out based on a 10-year field experiment in National Observation Station of Hailun
Agroecology System. Soils were selected from four treatments amended with different rate of organic manure [0,
7.5,15,22.5¢/ (hm2~a)] plus mineral fertilizer. Aggregate fractionation and humic acids extraction was used to
analyze the distribution of soil organic carbon and content and optical characteristics of humic acid in different
size of aggregate fractions. [ Results ] 1) Compared with application of mineral fertilizer alone, addition of
mineral fertilizers plus organic manure increased the proportion of macroaggregates ( > 0.25 mm) and mean
weight diameter which was gradually increased with the addition rate of organic manure. Significant linear
correlation between the value of mean weight diameter and organic manure addition rate was observed (P = 0.03).
2) Soil organic carbon was mainly distributed in 2—0.25 mm aggregates, accounting for about 64.8%—68.8%.
Organic carbon content and stock in macroaggregates increased with the increasing organic manure rate.
However, no significant differences were showed both in organic carbon content and stock in small
microaggregates among treatments. 3) Humic carbon content in microaggregate (0.25—0.053 mm) was higher
than other aggregates, but no significant difference in the percentage of humic carbon was found among
different aggregate fractions. The content of humic carbon in each aggregate fraction increased significantly
after application of organic manure plus mineral fertilizer, thus its capacity in organic C retention increased.
The humic carbon content gradually increased with the increasing addition rate of organic manure. 4)
Application of organic manure plus mineral fertilizer increased the E4/E6 ratio of humic acid in each aggregate
fraction, particularly in the aggregate of > 2 mm and 0.25-0.053 mm, which indicated that the structure of
humic acid tended to become simpler. [ Conclusions ] In black soil, continuous application of organic manure
plus mineral fertilizers is effective to improve surface soil structure through promoting the formation of
aggregates, increase carbon sequestration in aggregates, and simplify the structure of humic acid in aggregates,
these beneficial effects are greater in soil amended with high rate of organic manure. Therefore, the addition rate
of organic manure could be properly increased in order to improve soil fertility and carbon sequestration.

Key words: Mollisol; aggregates; binding agent; organic carbon; humic acid
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Table 1 Physical and chemical properties of the tested soils

IS8 R A ;

e BB o e oH
TOC Total N Total P

Treatment (H,0)
(g/kg) (g/kg) (g/kg)

OMO 27.50+0.20 2.05+£0.05 0.80+£0.01 5.84+0.09
OM1 29.23+0.24 2.23+£0.09 1.07+£0.01 5.94+0.10
OM2 30.00+0.52 2.34+0.08 1.01+£0.02 6.03+0.11
OM3 31.91+0.70 2.50+£0.12 1.10£0.03 6.13+0.12
¥ (Note ) : FAPEHE A FIIE + brUk2E Values are the mean

+ standard deviation.

T3P R AR PR Six@ Fl Puget!™ Y157 15
IR, BAARTEEANR . 100 g KT+ 221870
5min, FHRAZEMKFMIE S min, SRR H
(5. 2.1, 0.5F1025mm) I, #RiF3.8cm, 321/min,
YR 10min, K> 5 mm Fl 2~5 mm 41535 4535 > 2 mm
IR, ¥ 1~2 mm F1 1~0.25 mm 4535453
2~0.25 mm FIERAE, <0.25 mm FRAET 0.053
mm 7, Z3E549%] 0.053~0.25 mm F1 < 0.053 mm [
RAK. B A AR IR 535578 31 50 mL /NEEFR, 50C
BT PR . ARG IR A B 1 e E A T R S AT
Y (Elementar, Germany) i€, +IEFRKFEHE
BEHARAUT AR

MWD=YWi x M,

Ao, Wi b8 SRR RAR R AR, Mi ol
i M LRI A 5

JE 0 5 %) 4 2R RS B o 2 BB Ak, T
i 1) R FH 4 TR B AU T 22 . E4/E6 LB M
FEFR VAR B 465 m Al 665 m Y62 B (1 LU AH .

14 Zitoth

Fr A 156 8085 K% F Excel 1 Origin 8.5 #4174
BT 2 EIEIE, R SPSS17.0 #i4dE41 05 24
BT (AVOVA), Hlf/Ng #2500 (LSD) 17 &M

K56 o

2 R 500r
2.1 BRRECHEAR R EAVIAE T TIEF R AR
G it

A NS T i AS ) 790 2 A LS X 457 2% T SR 4 1) 4
i % BEH (% 2). >2 mm il 2~0.25 mm K2
VAT SR A4 1) 43 i B B8] 35 it 2 A ML 590 %) 448 o 5% o T

%



6 141 B8, A ANERCHEAS [R50t A LA X 8 L A SRR o ML 55 T SR A1 FY 5200 1589

B MR, 0.25~0.053 mm F KT IS A
HUIE ) & B3 T 2 8RR, 5 OMO AL, OMI .
OM2 Fil OM3 AbSH A AR L 73 310 2% . 18% Fil 24%;
< 0.053 mm AR & L 5151 A Bt 25 A HLAE 5 Y
O kA B E A, BIAE R, HIERIRALE D
SPATE 2~0.25 mm Rig, HIRH 0.25~0.053 mm Fl
>2 mm ik, <0.053 mm BiZPT EBlERAR, #&4b

PR AN [R)RE G A AR 43 Bie He A9 22 (] 22 55 o 2
¥y H AR (MWD) 2 A 1 58 R AR F e M 48
Fro MWD {EFE % A HLUIEF Az #i e, 5
OMO AbFEAH L, OM1 AbBE T MWD {EHAS LA i 3
{H OM2 F1 OM3 4b B fdi MWD {5 5. 32554 fm . w1048
GRY, AP & 5 E R A& MWD {8 2 7] 2 3
WERIEMELR (r=0.9706, P=0.03),

* 2 WIBECHEAEIE A AELE HIRFARBIRZE S HEESI(%) REFHIEEEE (MWD)
Table 2 Percentage of aggregates in different size and their mean weight diameters (MWD) in soils amended with different
rates of organic manure plus mineral fertilizer

K3 AR IARI Aggregate size distribution (mm) MWD
Treatment ) 2~0.25 0.25~0.053 <0.053 (mm)
OMO 8.08 +0.50 bC 65.6+3.93 cA 14.5+2.40 aB 5.12+0.91 aD 1.04b
OM1 8.28 +1.82bC 66.4 +1.80 cA 14.1 £2.40 aB 5.18+0.63 aD 1.06 b
OoM2 9.11+1.54 aC 70.1 £2.10 bA 11.9+1.30 bB 4.83£0.69 aD 1.13a
oM3 8.99+0.93 aC 72.8 +3.04 aA 11.0+£2.98 bB 4.95+1.20aD l.15a

F (Note ) : FHEHE N EIE + bR Values are the mean =+ standard deviation; [RlFEUE G A [Rl/ING FbEFR R Rl — R A Rl b 3 E] 22
S B3 (P < 0.05) Values followed by different small letters in one column indicate significant difference among treatments in the same size of
aggregate at 0.05 level; [RIFTAUHE G AN W] K5 137K ) — Ab BEAS [ i 45 11 3R k] 25 5 1 2 (P < 0.05) Values followed by different capital letters
in one row indicate significant difference among aggregates in the same treatment at 0.05 level.
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Fig. 1 Content of organic carbon in different size of
aggregates in soils amended with different rates of
organic manure plus mineral fertilizer
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Table 3 Organic carbon storage in different size of aggregates and the proportion in total organic carbon of soils amended
with different rates of organic manure plus mineral fertilizer

>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm

JhEL]
Treatment AHLBRAA G (g/ke)  HiEE (%)

Organic C storage Proportion

AR (g/ke) i H (%)

Organic C storage Proportion

FHLBAE R (e/ke)  HH (%)

Organic C storage Proportion

AR (g/kg) i H (%)

Organic C storage Proportion

OMO 2.16 £0.03 bC 7.86 17.8 £0.54 dA 64.81 4.03+0.17 aB 14.66 0.93 +0.06 aD 3.36
OM1 2.34+0.08 bC 8.00 18.3+0.75 cA 64.88 4.19+0.35aB 14.32 0.98 +0.08 aD 3.36
OoM2 2.85+0.14 aC 9.51 19.7+0.70 bA 65.71 3.86+0.13 aB 12.88 0.88+0.03 aD 2.92
OM3 2.98+0.29 aC 9.35 21.9+1.54 aA 68.75 3.90+0.18 aB 12.22 0.94 +0.06 aD 2.95

7E (Note ) : FHEHE N EMHE + b2 Values are the mean + standard deviation; [R5 EUE G A [Rl/INEG FAEF R [R]— RIS [Rl AL FH E] 22
535 (P < 0.05) Values followed by different small letters in one column indicate significant difference among treatments in the same size of
aggregate at 0.05 level; [RIFTAUHE 5 A W K5 -1 7R [ — AL BEAS [R5 141 3 1k ] 25 5 B 2P < 0.05) Values followed by different capital letters

in one row indicate significant difference among aggregates in the same treatment at 0.05 level.
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Fig. 2 Humic carbon content in different size of aggregates
of soils amended with different rates of organic manure
plus mineral fertilizer
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(P < 0.05) Different small letters above the bars indicate significant
difference among treatments in the same size of aggregate at 0.05 level;
FE B IRIR S TRk (7] — b LA [R] A 25 P 3R A i) 25 5 8 3 (P <
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0.05 level.]
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* 4 WHRECTE R 2B H B IR F Rk b FE SR RR IR S A HLIRAYEE B (%)

Table 4 Proportion of humic carbon in organic carbon of different size of aggregates in soils amended with different rates of

organic manure plus mineral fertilizer

2~0.25 mm

0.25~~0.053 mm

<0.053 mm

Qb3
>2 mm
Treatment
OMO 35.52+0.87 aA
OM1 38.12+ 1.25 aA
OM2 35.66 £ 1.61 aA
OM3 35.01 £3.35aA

36.06 £ 0.55 aA
37.12+1.25aA
37.00 £ 1.61 aA

39.74 £3.35 aA

3793 £1.29aA
37.77 £2.83 abA
36.87 £ 1.62 abA

34.02+2.16 bA

36.26 £3.35 bA
37.77 £3.52 bA
40.25+2.72 aA

41.21 £2.54 aA

7E (Note ) : FHEHE N FMH + b2 Values are the mean + standard deviation; [R5 EUE G A [Rl/INEG FAEF R [R]— RIS [Rl AL FH a] 22
535 (P < 0.05) Values followed by different small letters in one column indicate significant difference among treatments in the same size of
aggregate at 0.05 level; [RIFTAUHE 5 AN W K5 137K [ — AL BEAS[R) b7 5 141 3 1k 1] 25 5 B 2P < 0.05) Values followed by different capital letters
in one row indicate significant difference among aggregates in the same treatment at 0.05 level.
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Fig. 3 E4/E6 ratio in different size of aggregate in soils
amended with different rates of organic manure plus
mineral fertilizer
[E(Note): k1R [N 5k 7% Tl — R S 7 b B ) 02 5 1 %
(P < 0.05) Different small letters above the bars indicate significant
difference among treatments in the same size of aggregate at 0.05 level;
AR E B3R ] — Ak BN [RDARLZR A1 B 1 18] 22 57 1.2 (P < 0.05)
Different capital letters above the bars indicate significant difference

among aggregates in the same treatment at 0.05 level.]
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[50 t/(hm?-a)] J8/0 T > 2 mm FIEARI /M AR0, Lk
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PEES, 7 A R TR A DR R R REAE T A MLIE A
AR T R4 BT R gL mE, SRk
Prid PEXG m, T R AR A HLAR 1Y 53
A Hvite FH A ATLIE 1) 50t s it A A PR A I I
WS, PG, IR S BE A LR B0 i O A 3R A4
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KM A g pF s 3R W, AR IE EC it A FLIE AL
AT DAY I AT SR AR gk, O ELUAE B b3 i T A5 R
AR R A HLAR Y B 12, ABFSESR . > 2 mm,
2~0.25 mm Fl 0.25~0.053 mm ki 2% A HLRR & &
il 2 A AL 750 f 388 i B 7, fH < 0.053 mm
KL A HLRR 1 & = A R, EARIF AR B3
Gulde 4567 F1 Stewart 2508 3 - i U042 H + 568 HLak
MY EE AR AL, R 4 e LR A Mk B2 5 i A £
RARLREMIOG, RfE R A SR BEN, /INVRE g A
RARE MM, SRR A RIS, 2 %
BB R AT, ABFFEH < 0.053 mm HRIA A HL
e B i AERFAE B KO, BE B T/ VR A R
PR 3K B B AR AR T S 30, R B — 4
P ST KR B 38 R R A SR A2 v AT 2R A3 ok A7
BLST 58 B, PR e A ML & it 1l A 2R
M, EEAERE AR, AR5 i T R DLk
B GRS ECR 4 0.25~0.053 mm H R 4K
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A (> 0.25 mm) HA PR A B L E TR, AT R A
(<0.25 mm) HAPUBR Y ff i OF R LA AR A, B
AH 3% e A AL AE O 2F T T e A R T 3R AR rh i R
o WA, XFREME, 2~0.25 mm FRMEE L
BEA PRI EZIW AT, of TR PR S B Y
55.6%~72.7%, X 5ZMEH A RFFRAE R 2,
X AR 8 AR 0.25~0.053 mm A1 3R {4
R YL EEAL T, 5 A DL A
40%~54%, 7oHX— 22 R R R A RETE T IR A L
R Sl 5 T AN

i3 5 ) o 2 A 8 AT SRR O ol 1 e A )
VLB THIRIE X AAAE e 2 HAA R s e 1k, HE
T R WUR A R A R R ) . AT
€ P A Tt AT ATLIE B 0 T 45 b 2% AT SR 4 v i T
AR, L A MLAE T 1 3R A e85 5 7 e ) 42
TR Ry g i, UGB A LI £ = T 1A SR Mot
AP EHERE ) o AR Z AR RIS e, R
A ML) PGB 5 45 A Ok A T R A R A, T
G (RS 2R FECH) FBRmHEA B R R R
Gy U KA A R A B AR A R A R AR
Mo SZMR, —ERRERH gD, KA
AR TR R 1 B L A LR I L T
AR, D@ T2 G, TR N
SERPAR B L AT DA AROR — i A 1 AT SR AR i 2
YRR AR A R T X —ig s, B <
0.053 mm AT SR 1A v Jif B s 11 5 i dob 81K T LAt bz
G, IR £ LR A 3 v T A I e o A LR B 5 22
=325 7 N T

I3 5 40 I e 25 A ) R AN B A G,
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Jit JES A B P 84, 3k 6y Jo — 6 4 3 o A Ak 1T 45
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(AN R, W E4/E6 HH S B F IR Y7 18
I AL TR B H, B E4/E6 H(E MG, JETERR Y
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1) #E4E 10 FAAEECHEA HLAE R N T 438 v KA
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AEAL AR D A HLARHE N T > 2 mm A1 2~0.25 mm
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TR N S B T R

3) L 10 AL RCHE A ALIEEE B 1 48R A R
PR T R B () i, AR IR AT A BB 1Y
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il 5 A7 ATLAE 300) S %) 184 T aze i T o A 2 1A SR
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BEFPAR 100 B AR R O A TR B A SR A ) 2
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