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Abstract: [ Objective ] To explore the characteristics of soil aggregates, their organic carbon content and structural
distribution under the long-term organic substitution model. [ Methods] Through 10 consecutive years of field
positioning experiments, the effects of organic fertilizer replacing part of chemical fertilizer on the water stability of
soil aggregates, the content of organic carbon and the distribution of functional group structures at different particle
sizes were studied. [ Results] 1) The results show that, long-term organic substitution can significantly increase
the average mass diameter and geometric average diameter of soil aggregates, as well as the content of soil
aggregates =>0.25 mm, and increase the proportion of particle sizes ranging from 2 to 0.25 mm. 2) Compared with
the conventional single application of chemical fertilizers, the organic replacement treatment increased the soil
organic carbon content in aggregates of larger than 2 mm by 14.49% —61.84%, 2—0.25 mm by 21.85% —41.32%,
0.25 — 0.053 mm by 13.51% — 36.86%, and <<0.053 mm by 15.51% — 38.47%. Organic substitution can
significantly increase the content of organic carbon in micro-aggregate particles and mineral-bound organic carbon,

which is 11.67% —13.87% and 77.24 % — 101.01% respectively compared with the conventional single application

s B #8:2025-08-11 &= B #8:2025-09-18 FF B H:2025-09-26 [ 4 & % HH# (www.cnki.net) : 2025-12-23
BETE : }RE LGB A TR E (2023YFD1902900)

F—EHE AT HEA9IT6—) WA MIBFT 6L, 322N A A ML AR AR B AR B 5T . E-mail: sunwc@zaas.ac.cn
BEIEE AT PIC1973—) B 4 WFo B, E SN AR - e AU 21 5 R B R F 5 . E-mail: yuqg@zaas.ac.cn

http. // stbexb.alljournal.com.cn



340 KRR

840 %

of chemical fertilizers. 3) In addition, organic substitution also promotes the structural diversification of organic

carbon functional groups in aggregates at different particle sizes, optimizes the uniform distribution and increases

the quantity of aromatic carbon and polysaccharides. [ Conclusion] Long-term organic substitution can effectively

increase the water stability of soil aggregates and the organic carbon content in different particle sizes, promote the

diversification of the structural distribution and quantity increase of organic carbon functional groups, and help

enhance the soil structural stability, water retention and erosion resistance.
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Table 1 Analysis on water stability of soil aggregates

SFHRCRE B LR R >0.25 mm R K

B WD) /mm (GMD)Y/mm A8 Ro )/ %
CK 2.10+0.02b 0.88+0.04a 77.57+0.39b
CF 2.024+0.02¢ 0.7740.05b 74.53+1.93c

LOF 2.18+0.03a 0.96+0.02a 79.36+1.04ab

MOF 2.18+0.03a 0.934+0.06a 78.65+0.69ab

HOF 2.20+0.06a 0.9440.02a 80.284+0.28a

VE + 2 7RO R Al 2 5 AR )N R R
22 ANEBERXLBEARGHES D

TR R SE M VAT R B R A A o B e M T AR e
AE 7 A BRCR B PO T 2S5 R AR, 4% A 2
9 - 9 A AR E 1 AT SR A R A 0 A R AR — L

2 B0 9o A R B N I T R R R 2~0.25, >2,
0.25~0.053,<0.053 mm FI R (E D R HAHLAE
A AL 34 b, HORE A2 43 A HEAE SE A A, 4
S 0.25~0.053 mm F1<20.25 mm [ 5 14 #4967 42 43
A REE . AT =2 mm R AR & A0 A
J3 LOF>CK>HOF>MOF>CF, %k % & w154
HLEE 1R Ak 2 45 A AT b B A BT 38 . 2~0.25 mm H1
A B4R S o AL HOF >MOF >1LOF >CK >
CF, H A R A MUAC ER A A B 1 32207 G 3 B 45 5 LG
JEA Fris A, 0.25~0.053 mm B4R k2 & & 5 A
Mk CF>CK>LOF>MOF>HOF, <<0.053 mm
ARk AR S &40 A LAY CF>CK>LOF>
MOF>HOF , H o % J A HUIE & AR b 37 i 3% kL 9
Sy, BE AR EI M, SRR
2~0.25 mm KL g% A R AR F 3, 0.25~0.053 mm .

<C0.053 mm 7% A B & B2 .
100 -

= ol

]

4

& 60}

jm

*®

e 40 |-

e

ﬁ 20

0
CK CF LOF MOF HOF
by

m>2mm m2~0.25 mm m0.25~0.053 mm »<<0.053 mm
E1 TEBARGNESHIHFLE

Fig. 1 Particle size distribution characteristics of soil
aggregates

23 ANMEBERWNIELRARNZBAREENBRS AW

=AU

2 BT AN ) A A AR R SOC 5 & 11 43
i 5B 25 5 IR — kb B A 05 1A R AR HILAR B o
g LN R N AR N O R AN (R S e AW O
PSR R B B A B AR O 1 g . >2
mm KR AK R A HLE L LOF \MOF #1 HOF 4b
B SOC & # 4> Wtk CF Ab # 2 & 14.49% .
38.96 % .61.84 % , & M Ry iz ki 42 1 1 A1 R Ak SOC &%
It B AT HLAE B AR K B i s o e Ko &
ALK HOF &b ¥ SOC i 2 4> ik 34.52 ¢/
kg, b CK F1 CF 4b 3 43 5] $& % 12.50.13.19 g/kg.
2~0.25 mm K R A& R A HLE LR LOF .MOF
M HOF 4k # SOC % Kl 73 £ e CF 4b 38 73 ] 4 5
21.85%.25.62% .41.32% . H o, @& A PR
HOF kb SOC 3% 29.62 g/kg, Ht CK #1 CF 4b 3 43 5]
#2785 8.24 .8.66 g/kg. 0.25~0.053 mm Kl & &, %

http. // stbexb.alljournal.com.cn



o5 2 1

PNTT A4 < AT WU X S P SR A4 S AT BBk 20 A1 A 343

A PLE R LOF .MOF F1 HOF 4t ¥ SOC H. CF 4b
PRy 4R 5 13.63% .13.51% .36.86% . H:vh ,HOF
4k B SOC ik 23.80 g/kg, CK I CF 4b 2 43 51 #2 &
5.89.6.41 g/kg. <<0.053 mm HI R AIK b, R A HLE
% LOF \MOF fil HOF 4k #f SOC [ CF 4b # 43 1]
P 15.51% .17.33% . 38.47% ., H vh , HOF At 3
SOC 4 16.7 g/kg, b CK Fl CF &k # 43 51 $2 7 3.80.

4.64 g/kg.
451

(%]
[=)}

[\
~

YU R B (g kg )
© >

(=]

>2 2~0.25
3R 2 /mm
sCK =CF = LOF MOF = HOF
B LT AR F/ING B R AN ) b 3 ) 25 53 25 (p<<0. 05) 6
T
B2 TEHARGARHNEEIHRRESH

Fig.2 The content of organic carbon at different particle

0.25~0.053 <0.053

sizes in soil aggregates
24 TEBEARKBMBANGT MESTHNK
Dok AT 2R T A - SRR %R 1 Jo) B R 30 v AT 3 AR
BRI, S I SOC F& E 1 A1 3l 25 722 fh iy 56 i X
o i E 3L B R AR F POCIE KT MAOC, %
FIA FLIEA HLE AR RE A8 42 T L 3T R AR v POC Al

MAOC, 5 & 5 MAOC B9 38 hn i Ji 0 532
20.0-

2 ab gap

—_ —_
e b
=) =}

THLBRAR 5 80 ke )
2

POC MAOC
sCK =CF =LOF =MOF =HOF

3 0.25~0.053 mm i F £ POC F1MAOC RE 5 &
Fig.3 POC and MAOC content of soil microaggregates in
0.25-0.053 mm

5 CK # It , MOF #l HOF &b 3 POC % % & &
2 LOF ) 5 2 5 25,0 CF A1 i 2 k. 5 CF &b
A L, A LS LOF \MOF #l HOF 4t ¥ POC 43
) R 16.80% . 11.67% .13.87% . 5 CK kb ¥f
A, LOF \MOF fil HOF 4t B MAOC ¥4 i 2 # &,
HACK5CFA#M2ER AR, 5CFAMMLL,f
LB AL LOF \MOF Il HOF 4t 3 (9 MAOC 43 5142 =

77.24% .115.80% .101.01% , 2 5 W% . KA HLE
FRRE o 35 1 - 5 AT SR AR i POC AT MAOC, H
HXF MAOC Y520 5500 WY 5 o IR, 78 ol A= 7= 42
F AR Ty SE b W E LG A HUIE S5 A E B
A A AL R AR 2, DA i SOC Y B BORN £ 1 ] 15
LR
25 TEARGKANKRESESHEHEEEXR

M 40T LLE 58 LAk (SOC) F- 3 i it
HAEMWD) JU #4542 (GMD) FI>>0.25 mm Y
SRR T 5t [0 (R 000 Z R4 A7 AE 1 2 IE AR OC , R W] 1
B ML TE 4 BRI 055 4 25 0 v i S R PE VR T .
M PR 22 5Ok E 30 B R AR K B P46 A Z Tl #F
e 25 IEAH 56 (p<<0.001) , P HH X S48 bR 0] 4 %5 5%
VI S BEE . 4551 & SOC 5 MWD K R, 22 [8] 5 #2
IR A 2K (p<<0.001) , 5 GMD 2 Ja] £ 8 # 1E A 5%
(p=<<0.05) , F WA HLAK 7 2 1Y e 1 AT A Sk Fo0 ) - g
P 2R R ) B A R 1 1A A U A o 3 R DG PR 4
7N ALY T A - S ORE E] AV 9 A P Hb BR Ak 24 B
il T B 3E I 4 o UKL (8] 1) 25 A T, 4 R A R A
(T8 BRI AR AE |, 33K 28 T] 1 1Y B K AT SR AR 7 ff 45 0
SR D R il K AR AR K A3 R 3R 43 5 TR R R OR
EEEN

JHI-:?&?%E%(

0.8
0.7
0.5

0.38 MWD 0
0.2

0

GMD b
03

S0C A * e

0.28 0.76
0.5
0.37 0.83 0.92 Ry 07
. -0.8

-1.0

T 38R p<70. 05 K - 25 5 ik 35 5 ++ R IR p<<0. 01 K - 22 53 W
oo RR p<0. 001 K F-22 5t %
B4 SOCHLIERAREMKIEEMT S EMEXEHRE
Fig.4 Heat map of correlation between SOC and soil
aggregate stability variables

26 TEARGEIBREEAEMSHENSESHT

Hi 5 0], A AL ARG AR AT I i Y s
JE HL S A B R AR A B i A i 0 5 R G 0
3400~3 200 cm ™'Y BEAF J2 O — H 45 IR 3h , B 1
FUIK 2 T-45H99 52 920~2 850 em ™ 'HY WAL & C—H il
ik g, E R R G EE E BB . 1 700 em 'BRIE 2R
Bl JE C=0 i 4k 30 , 48 75 B 52 5 5 5 Be A 09 47
TE 5 7E 1 600~1 580 em 'Y I J2& 55 & BR A C=C i 45
P& 3 a2 R R £ 5 1 040~1 150 em I8 5 C—O

http. // stbexb.alljournal.com.cn



344 KRR

840 %

ARSI AHOC , Z 0 BE ik sl Z W45/ B RE T . CF
FE I 06 v 2 B A R A 1) W WA e (BT ), A LR AR
40 ¥ HOF #1 LOF #f £ 3 1 5 CF &b A 4 (Y W i
FRAE , 3¢ BT A BILER A8 4 B> 2 mm 3 1 B AR b i A
HLIEH A B 23X T RE ] . # B AL IR CF 4b 28
FE 1 000 em "B 3T H 30 B S AR 0 i A AILAE AT HL AR
Ab 3R T 85 9% T W I AR U (IR 5b) , 3% BH R PR it

(a)

11701 148

E

1 6601 580
1 546~1 520

3 010-2 300

Intensity/a.u.
Intensity/a.u.

EE

3500 3000 2500 2000 1500 1000
H/em !

—
Ll
—

010-2 B0g

11701 148

1 660~ 580
1 5461 520

Intensity/a.u.

3500 3000 2500 2000 1500 1000
% H/em !

~—HOF —MOF

—LOF —CF

ABHE CF 4 BEAE 2~0.25 mm + 58 F 5 4K b A5 HLBR 45
A A 7 B, T A LR AR Ak B A4 A ML S R A A R B
B B 2 M AN 2 AR . T A Ak B B R AE B A
L, ZE B 7E 0.25~0.053 mm H1 B & b A5 Bk B RE
GE AL ELA A TR CHE 500 o A ML AR A B R g e )
JE BE BRI fR IR CCF ) Ak BE 5 L 26 WA HL S H 1 BE
P 1) 43 A 25 v CJB BdD

(b)

010~2 300

Sd6-1 320
11701 148

1 6601 380

E

3500 3000 2500 2000 1500 1000
HH/em!

L
010-2 800

1701 148

1 5461 520

1 6i0~1 580

Intensity/a.u

3500 3000 2500 2000 1500 1000
HHem?
—CK

H:ab.e.d 4 B3R >2.2~0. 25.0. 25~0. 053 ,<C0. 053 mm ki 2% 1+ 3 A B 1k
5 AEMNETEABEEIREHLRZFTIR Xt &

Fig.5 FTIR spectra of organic carbon functional groups of soil aggregates at different particle sizes in soil aggregates
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Table 2 Analysis on the relative content of organic carbon
functional groups in soil aggregates

WRER Ik SR MIES
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