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Effects of long-term different nitrogen application rates coupled with short-term
maize||legume crop intercropping on soil aggregate composition and
carbon-nitrogen distribution

LI Yannan"’, ZHANG Zhenyu“, QIN Shupingz, LI Xiaoxin" , LI Hongjunz, ZHANG Yumingz**, HU Chunshengz,
ZHANG Lijuan'", DONG Wenxu’, LIU Xiuping’, ZHENG Pushan’
(1. College of Resources and Environmental Sciences, Hebei Agricultural University, Baoding 071001, China; 2. Center for Agricultural Re-
sources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences / Hebei Key Laboratory of Soil Ecology,
Shijiazhuang 050022, China; 3. College of Life Sciences, Hebei University, Baoding 071002, China; 4. College of Resources and Environ-
ment, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract: The North China Plain faces a series of topsoil degradation issues, including reduced soil biodiversity, impeded nutrient
transformation, decreased organic carbon and nitrogen contents, and deteriorated soil structure, owing to the high multiple cropping
index, monoculture cropping, lack of fallow periods, and long-term emphasis on production over conservation in agricultural prac-
tices. Based on a long-term fertilization experiment initiated in 2003 in a wheat-maize rotation system at the Luancheng Agro-Ecosys-
tem Experimental Station, Chinese Academy of Sciences, a split-plot design was implemented from the 2022 maize season to com-
pare monoculture maize with maize intercropped with a legume (‘Fendoumulv No. 2°, a dual-purpose soybean variety for forage and
green manure). This study investigated the effects of long-term nitrogen application combined with maize||soybean intercropping on
soil aggregate composition, stability, and distribution of organic carbon (SOC) and total nitrogen (TN) within aggregates. This study
aimed to clarify how interspecific and root-soil interactions in an intercropping system contribute to the physical protection of soil
carbon and nitrogen, thereby supporting the development of green technologies that integrate land use with soil conservation. The ex-
periment included six nitrogen application rates: 0 (NO), 100 (N100), 200 (N200), 300 (N300), 400 (N400), and 600 kg(N)-hmf2
(N600). During the maize grain-filling stage in September 2024, rhizosphere and non-rhizosphere soil samples were collected to ana-
lyze the aggregate composition and SOC and TN contents. The results showed that fertilization had a weaker influence on aggregate
composition and stability than the cropping pattern. Significant changes in the fragmentation and stability rates of coarse macroag-
gregates (=2 mm) were observed only in the rhizosphere soil of intercropped maize (FM). No significant differences were detected
across the nitrogen application rates in the rhizosphere soils of the intercropped soybean (F) and monocropped maize (M), or bulk soil
(B). Across all nitrogen application rates, rhizosphere soils (FM, F, and M) showed reduced fragmentation and increased stability of
coarse macroaggregates (=2 mm) compared to non-rhizosphere soils. Intercropping reduced the fragmentation rate in the maize
rhizosphere soil, with the highest stability (39.3%) occurring under the N400 treatment, indicating that appropriate nitrogen applica-
tion improved aggregate stability in intercropping systems. Nitrogen application enhanced the soil SOC and TN contents, but the ex-
tent of the increase differed between intercropping and monoculture under high nitrogen inputs. Intercropping was more beneficial for
increasing soil carbon and nitrogen contents under low nitrogen conditions. SOC and TN were mainly stored in macroaggregates, par-
ticularly in fine macroaggregates (0.25—2 mm), which contributed 54.8%—80.0% of SOC and 60.6%—69.3% of TN. Intercropping in-
creased the SOC and TN contents within macroaggregates, particularly in coarse macroaggregates, suggesting that changes in crop-
ping practices primarily affect the distribution of carbon and nitrogen in larger aggregates. In conclusion, maize|[legume intercrop-
ping enhanced the content and stability of macroaggregates, increased SOC and TN sequestration, and promoted the physical protec-
tion of soil organic matter.

Keywords: maize; leguminous crops; intercropping; soil organic carbon; soil total nitrogen; soil aggregate
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Effects of nitrogen fertilization rate and planting pattern on the composition of soil mechanically stable aggregates
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Pl 2 SR A A [ it 2 A A5 0 6 K| K S TRl
T HHOKRR A R AR AR O . S5 R, b3
AR R A B K AR AR AR A 4 2L 0.25~2 mm (1)
PR R E, 5 R ER 57.0%~72.1%, A
JIES Ak 380y 7K R PAT SR AR 3 5 AL R M 141 2R A4 A
Fe, =2 mm A9 K A 3 A 5 f BH S s /b, s/ e
R 43.7%~91.4%, ikl /i i K 3R WY A28 2 1A R AR 7K
FREPERRZE . PUERIR] 2 RN 1 RHET I, A [l it A Ak
L] ol /0 R 22 S O W 2, T [R) — it A Ak PR AN 1]
R A7 B U R 25 5 R (P<0.05), FERR PR 1Y
I/ R B 2 e T4 AR PR £ (P<0.05). REIEY
MR ZR A AT = A 1 43 W L R e R I 4 B
A A I R R B R T AR PR 3 =2 mm R K A R AR
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VEAR Z b R AR BR 1+ (FM) S 8] 5t6 JIE 420 38 i MWD,
TEAE 3% 22 5 (P<0.05), N200 1 N300 Ab 3 5 F Hif
JENE AR PR, H 5 N400 kb ¥H 2% 5 i 2 (P<0.05) (& 3a)
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H A2 (MWD,) f1 8 Z 51 (P<0.05), F# 5 2 VEY MR bR

.0 5
i

3~0.2 o

<0.053

m

mm

—Io
— .

5
O
|

B o
Z Z

=)
S
=
Z

N200
N300
N400
N600
N100
— N200
N300
N400
N600

FM

AR AL BEAISR £ ¥ Fertilization treatment and soil sampling location

NO. N100. N200. N300. N400 Fl N600 4b ¥ &5 4% iy fti U4k 43 5k 0. 100, 200. 300. 400 1 600 kg'hm*; B, M. FM I F 43 5 3R AEAR R
+ . BAETCRARBR L . TR T R AR PR A E AR K G ARBR £ . NO, N100, N200, N300, N400 and N600 are nitrogen fertilization treatments, whose annual
fertilization rates are 0, 100, 200, 300, 400 and 600 kg-hm °, respectively. B, M, FM and F represent the non-rhizosphere soil, rhizosphere soil of monocropped

maize, rhizosphere soil of intercropped maize and rhizosphere soil of intercropped soybean, respectively.
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Fig. 2 Effects of nitrogen fertilization rate and planting pattern on the composition of soil water-stable aggregates
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FM
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+ . EFERGARPRL . HEERIRPR £ ARIE ERRER £ o RIE/NG 83 5% [F] — it AE Ak BOR [5) 28 R 143 B 1] 22 573 . 3% (P<0.05), NRIRE
FAEF R [l 2 TR+ 7 B A ] it AR A 3 ] 25 53 2 3 (P<0.05). NO, N100, N200, N300, N400 and N600 are treatments of annual fertilization rates of 0,

100, 200, 300, 400 and 600 kg-hm >

, respectively. B, F, M and FM represent the non-rhizosphere soil, rhizosphere soil of intercropped soybean, rhizosphere soil

of monocropped maize and rhizosphere soil of intercropped maize, respectively. Different lowercase letters indicate significant differences among different loca-

tions of soil samples under the same fertilization treatment at P<0.05 level. Different capital letters indicate significant differences among different fertilization

treatments under the same location of soil sample at P<0.05 level.

B3 MRESHEARTENMIEENS (a: MWD,) 17k (b: MWD,) ARG EHEEEZNE M

Fig. 3 Effects of nitrogen fertilization rate and planting pattern on the mean weight diameters of soil mechanically stable (a: MWD,)
and water-stable (b: MWD,) aggregates

+ MWD, 32 it I 7t 52 Wi 5 K, H G AR fb R HEAS H: B
i, B RICAED R BR 1 NO F1 N60O Jiti /T b 2
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Fig. 4 Relationships between mean weight diameter of soil aggregates (MWD) and contents of mechanically stable (a) and water-
stable (b) soil aggregates with =0.25 mm size (R, s)
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Table 1 Fragmentation rates and stability rates of soil aggregates with different sizes under different nitrogen fertilization rates and
planting patterns

St b3 T 25 E R Fragmentation rate /% FaE % Stability rate /%
Fertilization treatment Location of soil sample >2 mm 0.25~2 mm >2 mm 0.25~2 mm
NO B 83.1+46.6aA —180.7£57.1bA 8.6+3.4aA 142.5+28.8aA
F 57.0+13.8aA —67.1£16.7aA 21.2+£6.9aA 82.4+8.1bA
M 56.0+17.1aA —13.5+1.7aA 31.2+7.0aA 57.8+1.7bA
FM 57.9+2.2aAB —7.2£2.8aA 22.0+1.2aAB 56.2+1.5bA
N100 B 82.9+5.2aA —309.8+82.2bA 8.6+2.7bA 202.7+40.8aA
F 75.4+10.0aA —61.5+16.7aA 12.8+5.0bA 83.4+6.4bA
M 71.4+2.4aA —16.6+3.4aA 14.1£1.2bA 57.4£1.7bA
FM 13.0+4.2bB —7.2£2.8aA 29.9+2.2aAB 56.2+1.5bA
N200 B 87.2+5.2aA —505.9+84.1bA 6.3+2.6aA 297.9+40.4aA
F 80.6+5.7aA —70.5+9.8aA 10.2+£2.4aA 92.5+4.7bA
M 67.3+7.6aA —20.5+0.3aA 16.1£3.7aA 59.3+4.8bA
M 76.3+3.9aA —10.0+1.8aA 14.3+4.0aB 63.9+5.4bA
N300 B 87.9+4.7aA —376.7+88.8bA 7.9£2.1aA 234.2+71.8aA
F 76.5£11.9aA —67.4£9.9aA 13.3£7.2aA 90.2+4.2bA
M 70.4+14.0aA —25.8+10.1aA 14.8+6.6aA 64.8+10.4bA
FM 71.2£7.7aA —15.5+1.5aA 16.8+4.4aB 66.8+5.0bA
N400 B 91.2+1.8aA —190.5+48.1bA 4.6+£0.9bA 142.6+23.5aA
F 73.5+£6.9aA —48.248.2aA 14.2+4.5abA 76.9+0.4bA
M 65.4£11.2abA —31.5+£0.6aA 18.0+5.8abA 68.6+4.9bA
FM 36.1+1.4bB —2.4+0.1aA 39.3£3.9aA 58.8+2.3bA
N600 B 85.8+2.0aA —146.7+12.6bA 7.0+1.0bA 121.3+6.1aA
F 71.3+7.6abA —51.4£11.9aA 15.0+3.2abA 83.5+5.9bA
M 66.6+3.3bA —24.6+0.7aA 19.4+3.8aA 70.8+5.9bA
FM 55.9+7.0bAB —22.7+2.3aA 22.7+3.7aAB 63.0+7.5bA

NO. N100, N200, N300, N40OFIN6OOK:HLFH4F i U1t 53550, 100, 200, 300, 400F1600 kg'hm*; B, F, MAIFM 5 FmdEibrt | [
PERGARBR L . S FORMRBR L ARIEFRMBR Lo ARRVNG F RN 7 — AL AR BN [RIZE AR 4 10 892 5 .25 (P<0.05), ANFIR'E F-RER /R[] 2658
SR AV B A ] AT A R ] 22 5 8.3 (P<0.05). NO, N100, N200, N300, N400 and N600 are treatments of annual nitrogen fertilization rates of 0, 100, 200, 300,
400 and 600 kg-hm’, respectively. B, F, M and FM represent the non-rhizosphere soil, rhizosphere soil of intercropped soybean, rhizosphere soil of
monocropped maize and rhizosphere soil of intercropped maize, respectively. Different lowercase letters indicate significant differences among different
locations of soil samples under the same fertilization treatment at P<0.05 level. Different capital letters indicate significant differences among different

fertilization treatments in the same location of soil sample at P<0.05 level.

BN TR A L N R AR RS E RN HET H, 0.25~
2 mm [ 4K A R AR FR e M I & T =2 mm B9 R A
AR Mt AR P AR 26T A 3R AR 45 F s SR R A
FeE Mk A S i R A, it R B SR 55 T AE AR
R Is2 ), e 2 Hg | R B AR R AR PR (FM) + =2
mm A A [ 5 A 23 4 ol e S N e R = A 2 AR Ak
(P<0.05), H At AR PR A AR B 4 59 A [ it A Ak 2 [a]
KR EE2ZR, ARG, EYWRREK
AR T =2 mm R K 1A 2R 485 4 il e 3 0 8 v 1 L
e e, RS R R Z& b FOR AR 5 76 K 2 850t e
b B rp oG FL PR AR T I 2 S R X T 0.25~2 mm A 2
KA R, FEDIR R 35 AR T e R F 4
T H AR R BIMEYI IR &R A KRR KRR
R AR R R o 28 WG AE 5 1 9 F s Jr =X A
B RN, LA N40O Jife AE A B FML AR R [ 3R A
Foae R i, 15 39.3%, 1t W3 ‘F it A A T 42 5 7]

VEMR 2 1A R ARG e
24 KBAREEETEXRAEERMEDXLES

RAE ARG R ERN

P15 S AN [ it 260 o -5 26 0 A Jr =l A8 Xof
YEYIAR IR SER IR LI R S B A, 455K,
B 5 it 2 ek 14 A R0 R S o, F L R
Wi 2 A0 it P 1 S [ 17 A7 A 25 5 i A 2R R AR
bR+ A AE AR B 4 A 3 DL N600 it /5 . NO A%, H
1, B. M Al FM i N600 i 3% & T N300 (P<0.05),
H M. FM I F i N600 5 N400 [A] JC g & 25 =5 4 1
K A ) N400 5 N300 8] JF G i % 2 5%, B Al M
FE N200. NI100 Fl NO [8] £F 7€ i & 2% 5 (P<0.05);
F 1 N600 1 N400 &8 2 & T NO (P<0.05), {H 5 HAth
Jiti AT A LA G . 22 5, H B 2 IR B 2R
XTI S B FOK BRAETT S, 5 NO AH E, £ IE
Ab PR AEAR B (B) 13 4 0 & 21 10.8%~36.1%,
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NO N100

N200

N300 N400 N600

Jiti IEALFE Fertilization treatment

NO. N100, N200. N300, N400 FI N600 &b &4 (it A 433124 0, 100, 200, 300, 400 F1 600 kg'hm * B, M, FM Al F 43 5| %R AR R
A BAETFORARBR L TRIE FORARBR L REAE R AR PR - o ST /NG T2 R385 (6] — it Ak A [ 28 8 R 1 7 8 i) 22 57 b 3 (P<0.05), Al K5
TR R () ST SR A A0 B A [i) it A Ak 3 ] 22 5 8 38 (P<0.05)., N0, N100, N200, N300, N400 and N600 are treatments of annual nitrogen fertilization rates
of 0, 100, 200, 300, 400 and 600 kg-hm °, respectively. B, M, FM and F represent the non-rhizosphere soil, rhizosphere soil of monocropped maize, rhizosphere

soil of intercropped maize and rhizosphere soil of intercropped soybean, respectively. Different lowercase letters indicate significant differences among different

sampling locations under the same fertilization treatment at P<0.05 level. Different capital letters indicate significant differences among different fertilization

treatments in the same sampling location at P<0.05 level.

Bs5 HEESHEARXNIRELESENIIT

Fig. 5 Effect of nitrogen fertilization rate and planting pattern on the contents of soil total nitrogen

KRR FR (M) B0 17.1%~39.0% (P<0.05); Xt F H &
KHAEMC KRR GIRET S, AEYAR bR L3R
o H it il 280 A 10 ) B WA ITRRAIR, 5 NO A LR, A%
Jite AT Ak B () T K AR PR (FM) 4 & 38 0 5.9%~
34.5%, REGARFE L (F) #90 7.8%~26.2%. X M 75—
AT B, FORIA R T A GRMEY), ZEARIE T 1
8 i TR e HE L BRI Y 1 RO O, NI SS T 4
A AU P G 2R I A R

FEAH R Tt AE AL BN, PEI AR B - 4 U s
THEARPR (NO ZL R M BRAL), ixX R WITEY AR 2 WOl
FRAr I AR g T S R B, R 2 A
RERETHRIX; TRHMEY A IR S8 @il b 54
RAoE. Wbrt5IEMRPR 2 B % & a1 22 b
Jita JE 2 B AN RIS [/ SRR BR £ (B) #H L, AL NO
F N600, M 1 2 A 3G KK N -1.4%. 4.3%. 6.6%.
2.4%. 4.1% F1 0.8%, NO A FEE) MK T B, FEZEK
A it S 3 - BT AR, R AR AR R T O I
3B e i A1 B A 1 20 28 18 B B 3 e T 3 ¢ 7 1Y) 445
Jo FM BB 4 A & a4 2 e 0 &= A2 AR AR
153%. 10.2%. 12.1%. 17.8%. 24.1% Fl 13.9%, FM
HBMEAGRIES T M, RWTEHEYIIAE
KRR RS T ERRPr LA R S5, TR
TEPIR R P BEAEM 250 . F 5 B 922 i A NO
F| N600 KK M 13.7%. 10.7%. 6.4%. 4.5%. 8.5%
1 5.5%, 1 i A A S5 i it 2 fm 7T PR AR R Y, X
o it — 20 U] R E AR 2R [ RUSCR A B T = 4
I REAR A

it B 55 oy 0 45 G R R AR s
SRR (36 2), &40 B YA Rk g%+ HE A R 4k
A P ik ER e B R AR AR R P SR A >4 R T 2R k>
K FhoR> i A R AR, BT A Ak BEAS () 7 2 4 38 (A1 SR Ak 4
Ao P EE A KA RER 151 gkg ' 40K AR
K 1.41 gkg. By Bk 132 gkg ' A B AR 118
gkg |, HFREH RIKH LR T EAEREET
(P<0.05), M it JEL it = 458 141 208 4 4 4R 5 = 1) 52 i o
B, WA it 2 38 0 25 R A R AR 4 A AR
SRk, % T =2 mm O B, bR TG
JE &b B 4 5 B E M B 6.7%~31.9%. F 13.1%~
25.5%. M 19.5%~37.2%. FM 7.5%~36.6%, H:3F- 144
BRI N 19.7% . 18.1%. 29.5% Fll 21.0%; ¥tF 0.25~
2 mm F 4K A R 1A, i FIE A TG A Ak P 4 4R e 3 i
HB15.6%~36.7%. F12.9%~26.4%. M15.0%~36.7%.
FM 7.0%~35.2%, H V-3 5 AR 23.5% . 18.4%.
24.4% Fl 23.0%; % T 0.053~0.25 mm () {3 A B 14, it
JE 45 TG AR Kb B 4> 50 BB R O B 14.9%~35.1%., F
11.2%~23.4%. M 20.7%~34.8%. FM 9.1%~31.8%, H
SR EAR N 22.1% . 16.4% ., 26.3% FI 18.2%:; X}
T°<0.053 mm BYA BB, Jiti A A JC A Ak 34 4 2R 1 4
M B8.5%~16.9% . F6.6%~21.3%. M12.7%~39.2%.
FM 6.6%~23.0%, H 5 ¥4 8 AR IK H 12.9%., 12.5%.
27.6% 1 15.7%. FH UL AT UL, A ARG AT 3R Ak 4 &
S 359 27 it AR AR R S s, e IR 4R R T T R A
A G, (RUHR TR R PR R AR = AN [ T A A 22
S WVERPRE T (F L FEM) R, e A0 -5 250 1 32 1 3¢
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Table 2 Effects of nitrogen fertilization rate and planting pattern on total nitrogen contents in soil aggregates with different sizes (C))
and their relative contribution rates to total soil nitrogen (CR,)

TEACARRE SRy

=2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
Fertilization Location of
ireatment  soil sample  C/(@ke ) CR, /% Cl(gkg") CR, /% C /(gkg") CR, /% Cil(gkg" CR, /%
NO B 1.19+0.01bC 7.0£0.5¢cBC  1.09£0.03cC 65.9+1.0aA  0.94+0.01bC 9.9+0.18bA  1.18+0.07aB 6.7+0.1bB
F 1.37+0.02aC 12.440.2aA 1.25+£0.05abB  60.6+£0.4bB  1.07+0.01aB 9.4+0.8bC 1.2240.03aB 13.0£1.0aA
M 1.18+0.06bC 9.24+0.5bA 1.13£0.05bcC  61.3+1.0bB  0.92+0.03bB 13.3+0.3aAB  1.024+0.05bD 7.2+1.1bABC
M 1.34+0.02aD 12.6+0.3aB 1.28+0.05aB 66.0+1.4aA  1.10+0.02aB 14.5+0.3aB 1.2240.01aC 7.4+0.2bA
N100 B 1.27+0.04bBC  7.9+£0.6bcAB 1.26+0.03bB 64.0£1.3aA  1.08+0.05aB 10.0+0.2bA 1.2840.04aA 8.0+0.7bAB
F 1.56+0.06aAB  10.4+1.4bAB 1.41+0.07aA 64.3+1.1aB  1.19+0.06aAB 12.1£1.3abBC 1.30+0.09aAB 12.740.9aA
M 1.41+0.08abB 7.1£20.3cBC  1.30+0.05abB  63.4+2.1aB  1.11+0.01aA  16.0+1.4aA 1.15+0.03aC 8.5+0.8bAB
M 1.44+0.04abCD 15.3£1.0aA 1.37+0.01abB  64.1+1.3aAB 1.20+0.02aB 13.8+1.8abB  1.30+0.06aBC 5.120.5¢BC
N200 B 1.40+0.06bABC  5.3£0.6cC 1.30+0.02bB 64.843.9aA  1.12+0.02aB 11.6+£0.6aA 1.3140.04aA 9.3+1.1abAB
F 1.55+0.05aAB  9.4+0.5aB 1.46+0.06aA 60.7£0.4aB  1.23+0.06aAB 14.6+1.4aB 1.33+0.30aAB 12.6+£2.0aA
M 1.52+0.03abAB  6.0+0.7bcC  1.40+0.02abAB 62.2+1.2aB  1.16+0.04aA 15.6£1.6aA 1.31+0.01aB 9.1+1.2abA
M 1.60+0.03aBC 7.0+0.5bC 1.54+0.09aAB  67.0+1.0aA  1.22+0.06aB 16.7+1.9aAB  1.37+0.06aABC  4.8+0.4bBC
N300 B 1.36+0.01bAB  8.7+0.3bAB  1.33+0.40bABC 64.3£2.5aA  1.12+0.03aB 11.4+0.6bA 1.3240.05aA 9.3+0.5bAB
F 1.58+0.08aAB  9.6+0.5bB 1.42+£0.01abA  64.7+1.3aA  1.21£0.02aAB 12.8+1.1abB  1.35+0.03aAB 11.5£1.2aA
M 1.52+0.02abAB  8.5£0.4bAB  1.39+0.05abB  61.7£0.7aB  1.13+0.03aA 11.3£1.6bC 1.294+0.04aB 7.6+1.0cAB
M 1.57+£0.06aBC  12.2+0.4aB 1.53+0.09aAB  67.2+2.1aA  1.22+0.07aB 15.6+2.4aB 1.41+0.08aAB 5.6+0.5dB
N400 B 1.52+0.05bA 7.3+0.6bB 1.35+0.02bB 69.3+2.2aA  1.15+0.02bB 12.0+0.8bA 1.38+0.04bcA 9.3+0.3abAB
F 1.68+0.01abAB 10.2+0.5abAB 1.53+0.09abA  63.2+1.3bB  1.284+0.08abAB 15.2+1.7bA 1.40+0.02bAB 12.1£0.8aA
M 1.57+0.03bA 9.6+£0.3abA  1.40+0.07bAB  69.0+£1.0aA  1.24+0.06abA 12.3+0.8bAB 1.34+0.05cAB 4.2+0.4cC
M 1.83+0.11aAB  11.8+0.7aB 1.73£0.07aA 61.542.6bB  1.45+0.07aA  20.4+0.3aA 1.50+£0.02aA 5.440.9bcBC
N600 B 1.57+£0.05bAB  9.2+0.5aA 1.49+0.03bA 63.9+1.0bcB  1.27+0.03aA 12.3+1.1bA 1.374+0.06aA 9.8+0.8aA
F 1.72+0.04aA 10.3£0.5aAB  1.58+0.02bA 61.0+£0.3cB  1.32+0.11aA 17.6£1.2aA 1.484+0.12aA 10.6+0.2aA
M 1.62+0.07abA 9.84+0.5aA 1.54+0.02bA 68.7+1.1aA  1.17+0.05aA  11.1+£0.6bB 1.42+0.04aA 5.3+1.0bBC
M 1.67+0.30abA  11.0+0.3aB 1.70+£0.04aA 66.6+1.7abA  1.41+0.10aAB 13.3+0.5bB 1.484+0.03aA 4.2+0.5bC

NO. N100, N200, N300, N400FIN60OLHEAFAEE A 433150, 100, 200, 300, 400F1600 kg-hm*; B, F, MAIFMS HIFRRAARPR L . [H]
PERTMBR L B I RAR PR LRI E EARAMRER o AFE/NEG TR [ — AL AR BEAN RIS BR 107 0] 22 53 {2 35 (P<0.05), ARl RS FRERIR A2
HU SR A=AV B A [R] i AT AL B ] 22 57 8. 3% (P<0.05) . N0, N100, N200, N300, N400 and N600 are treatments of annual nitrogen fertilization rates of 0, 100, 200,
300, 400 and 600 kg-hm >, respectively. B, F, M and FM represent the non-rhizosphere soil, rhizosphere soil of intercropped soybean, rhizosphere soil of
monocropped maize and rhizosphere soil of intercropped maize, respectively. Different lowercase letters indicate significant differences among different
locations of soil samples under the same fertilization treatment at P<0.05 level. Different capital letters indicate significant differences among different
fertilization treatments in the same location of soil sample at P<0.05 level.
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T (I DL NO Ab B AR K, SR VERIE T,
SRHEY B A DR S T RKRIMTALHE N HIEAR
B WY 2 (8 B A P R AR 9 R BN R
AN, 2B R U SE A TR T R R A R AR
(5, HR IS AR, X Fhk B FE b i, %%
JitiIEALFE FM 5 M ) 22 (H R AERIFER R b TAEY
R PP BAES R 0 ERAR bR £ R F ARk, 4t
JEARFE FM H M (1 3 i 40 11 3R A4 9% ph 2R 310 /MIR IR
H2.1%~16.6% . 5.4%~23.6%. 5.2%~20.5% Fll 4.6%~

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 9 1]

AN 5 - U RN £ 0 K R SR o - S DA SRR AL A B 2R A 952 )

1841

19.6%, HEHMKIK N 7.3%. 12.1%. 13.0% Fl 10.4%,
FW B VE PR 2 Hp fl TR IR) AR AN G RME ) [ /A S
T KRB A R T, AR TR B R R
HH I it A S R AT SR AR 7 Ak i) B R A, 24K
AL AT L NO &b B B g, A8 AA R LA N400 Hx
o TR VK, 2 I I R 0T RE S IR AR AR R A Fh
) B ARV o PRIAS R 5 S5 it (] 7 o A 4 IR R 1, it
JE £ 55 ] V44 22 i ] BAR 2400 AR 5 O R i o it —
B 5T RS IE

-4 4 AU IAT TR A BT R 3 R KRR P A SR AR A A B
A 05 1 0 oR B, A2 it E S R R T X R e 4
2R, AR HE A HE A RIR A R ST R R A
0.25~2 mm [ 41 K AR AR, FLTTHkE N 60.6%~69.3%;
H K A 0.053~0.25 mm K 3 A A&, HsT kR R
9.4%~20.4%; Fi- X A =2 mm (1R K A B 44, L BT ik
N 5.3%~15.3%; <0.053 mm A5 Bl kE XF 4 A Y Bt
HREC G, TR AN 4.2%~13.0%. it AT X 4 43 4>
AT SRR BT R 5 09 5 e A 2R B W AR AL A DA
FiAE 7 AR A, RAERZ =2 mm PR AT R
PRI R TR R T 504, At hr 2R 22 B W e iy
FUARE P, 3 3R W1 SRR W) [ 2000 52 i 2500 P 352 i)
) THIK IR,
25 KPAREAREETEXEAETRMEDX LIER

MRS B B B A Bk e Y B2 Tl

16 S+ AN [ it 280 i -5 0 0 e 7 VR
MBS AR A PR & A5 .+ 3R HLk
Wi it 220 114 78 b B 3 5 4 UM B, R 2 B A i it 4

20

S 1G0T B I ) AL F S S S B ARG 0
A, Y AR 200 kg'hm Ca ! JE, HIEA PLIR
() 348 R AR 2% (FMBR A1) 38 HL Ak i it 20 & 185
T 38800 = R TR AT AR H A 30, 5 NO A, A
N100 £ N600 4b3 B 34 MLk & ARG 4.1% .
12.0%. 10.0%. 10.0% #1 20.7%, M #3811 16.7% .
24.2%. 22.6%. 19.6% H 30.4%, FM # I HI1 6.3%
15.0%. 18.3%. 28.0% Al 31.4%, F &K Y/ 34 i 5.9% .
14.1%. 5.1%. 13.4% il 23.8%., H A 0L, VEWIR
B - A B 5 e Bt ot I 348 o 7 48 P A i B o T
JEAR PR 35
T [t B A BT, AR AR B = A BLak & =
BT ARARBR 13, R ER IR TEYAR R 45 W FR
PRUUERR . 5 B M EL, M NO 3] N600, M A HLER 1
I 0.3% . 12.4%., 11.2%. 11.8%. 9.1% F/18.3%,
FM [ 38 AR IR N 11.4%. 13.7%. 14.4%., 19.9%,
29.6% F1 21.3%, F [ 34 & K K A 10.6%. 12.6%.
12.7%. 5.8%. 14.1% F1 13.4%. Mt n] W, FM %% B
() A MILAS 38 R v T MRS R, R R G5 R oK)
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NO N100 N200 N300 N400 N600

Jiti IEALFE Fertilization treatment

NO. N100, N200. N300. N400 Fll N600 4b F £ 4F )it & 2351 49 0.
+ . BAVETORMBR L . AR TR R L AR K AR . RENG TR

100, 200, 300, 400 1 600 kg'hm *; B, M. FM HI F 23 5 F7R AEAR BR
7R [l — il JIE A AN [ S B0 SR + 47 8 (1] 25 57 W 3 (P<0.05), ANl K5

TR R [H) ST 3R A A0 A [i) it A Ak 3 ] 22 5 . 38 (P<0.05). N0, N100, N200, N300, N400 and N600 are treatments of annual nitrogen fertilization rates
of 0, 100, 200, 300, 400 and 600 kg-hm °, respectively. B, M, FM and F represent the non-rhizosphere soil, rhizosphere soil of monocropped maize, rhizosphere

soil of intercropped maize and rhizosphere soil of intercropped soybean, respectively. Different lowercase letters indicate significant differences among different

locations of soil samples under the same fertilization treatment at P<0.05 level. Different capital letters indicate significant differences among different fertiliza-

tion treatments in the same location of soil sample at P<0.05 level.

Eo MAESHEARNNIEENKIENZIN

Fig. 6 Effects of nitrogen fertilization rate and planting patterns on the contents of soil organic carbon
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*®3 HBEESHEAXNARHETEARGENRSE (C) REXNTEANBRIHE (CR) KM
Table 3 Effects of nitrogen fertilization rate and planting pattern on organic carbon content in soil aggregates with different sizes
(C)) and their relative contribution rates to total soil organic carbon (CR;)

FEACALRE SR

=2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
Fertilization Location of
treatment  soil sample ~ Ci// (gkg ) CR; /% Cl(gke " CR; /% C/(gkeg ") CR, /% C lgkg ") CR; /%
NO B 14.5+0.3aAB  12.0+0.5bA 11.9£0.5aA  72.9+1.7aAB 9.4+0.6aA 9.94+0.6bcA 10.9+0.4aB 7.840.6bAB
F 13.9+0.4aA 17.741.5aA 11.6£0.8aB  54.8+1.3¢cC 9.7+£0.6aB 9.1£1.3¢cB 10.2+0.3aA 11.5+0.9aAB
M 12.6+0.8aB 14.6+0.2bA 11.4+1.0aB  63.9+2.4bA 9.6+0.2aB 14.6+0.7aABC  9.6+0.5aB 7.6+1.1bBC
FM 14.0+0.3aB 12.4+0.4bB 11.840.5aD  64.8+1.6bBC 10.24+0.1aC 13.1+1.3abB 10.6+0.3aC 4.3+0.5cA
N100 B 12.9+0.3bB 11.5+0.6bAB  12.0+0.3bA  70.1+0.1aBC 9.8+0.4aA 11.5+0.4cA 11.7+0.5aAB 9.0+£0.8bAB
F 15.4+0.5aA 8.5£0.9bcBC 13.6+0.0aA  68.4+0.7aA 10.740.7aAB  11.3+0.5cAB 11.9+1.2aA 12.24+0.8aA
M 15.0+£0.2aA 7.7£0.3cE 13.6+0.6aA  67.3+0.9abA 10.9+0.2aAB  15.6+0.4aAB 11.0+0.3aAB 8.4+0.1bBC
FM 15.240.3aAB 17.2+0.5aA 13.6+0.4aC  65.5+1.3bBC 10.940.4aBC  13.3+£0.2bB 12.4+0.4aAB 5.1+0.6cA
N200 B 13.4+0.5bAB  5.2+0.4bE 12.4+0.9bA  62.0+3.0bD 10.2+0.0bA 11.5£1.2cA 12.740.5aA 9.2+1.1bAB
F 15.8+£1.7aA 7.6£0.3aC 14.0+0.1abA  70.6+2.1abA 10.1+0.3bB 12.9+1.4bcA 11.0+0.3bA 11.1+0.4aAB
M 16.7+0.4aA 8.6+0.7aDE  14.5£0.8abA 67.7+5.6abA 12.1+0.5aA 16.8+1.5abA 12.94+0.3aA 9.5+0.7abAB
FM 17.4+1.0aA 8.6+0.7aC 16.0+0.4aAB 77.0+2.6aA 12.5+0.4aA 19.8+1.6aA 13.7+0.7aA 5.3+0.6bA
N300 B 14.9£0.1aA 7.940.1cCD  12.5£0.5bA  66.0£1.9bBCD  9.8+0.3bA 12.2+0.7bA 11.9+0.3abAB 8.5+£0.5bcAB
F 15.0+£0.4aA 9.940.3bBC  13.6+0.5abA  71.2+0.5aA 10.8+0.3bAB  12.7+0.7bA 11.6+0.2bA 9.0+1.1bB
M 15.4+0.5aA 10.6+0.3bBC  14.6+£0.8aA  67.2+1.4bA 10.94+0.4abAB 11.4+£0.9bC 12.34+0.7abA 12.0+0.8aA
FM 16.0+0.2aAB 11.8+0.2aB 14.9+0.2aBC  60.5+0.1cC 12.0+£0.4aAB  19.4+0.8aA 13.8+0.9aA 5.9+£0.9cA
N400 B 15.5+0.4aA 7.0£0.6bDE  13.6+0.6bA  80.0+4.3aA 10.3+0.1bA 11.0£0.4cA 12.0+0.4aAB 7.240.6aB
F 15.9+0.4aA 11.0+0.6aB 14.0+£0.5bA  62.6+0.9bcB 11.0+1.1bAB  14.6+1.1bA 11.5¢1.1aA 5.3+0.1aC
M 16.3+0.6aA 12.24+0.9aB 12.840.4bAB 70.7+2.4bA 11.0+£0.6bAB  12.2+1.2bcBC  12.0+0.1aA 5.3+0.4aC
FM 16.8+0.3aA 12.9+0.7aB 16.5+0.1aA  60.5+0.1cC 12.740.4aA 19.4+0.5aA 12.9+0.4aAB 5.9+£0.9aA
N600 B 14.2+0.1cAB  9.7+0.4bBC  13.2+0.3bA  64.1£0.8aCD 10.2+0.3bA 10.1£0.1cA 11.9+0.4aAB 10.0+£0.4aA
F 14.7£0.7bcA  9.6+0.6bBC  13.4+0.2bA  59.0+1.2bB 12.0+0.2aA 14.5+0.7aA 12.3£1.3aA 8.2+1.1aBC
M 16.0£0.5abA  9.7+0.6bCD  14.1+0.3abA 67.3+0.7aA 11.6+0.5abA  12.0+1.1bcC 12.6£1.0aA 5.1£1.1bC
FM 16.7+0.3aA  12.4+0.7aB 15.5+0.8aAB 67.6+£2.5aB 12.2+0.8aAB  13.8+0.9abB 11.9+0.4aBC 3.9+0.4bA

NO. N100, N200, N300, N400FIN60OLHEAFAEE A 433150, 100, 200, 300, 400F1600 kg-hm*; B, F, MAIFMS HIFRRAARPR L . [H]
PERGARBR A . SR FORAR PR L AIRIE FRMBR Lo AREVNG FRERIR R — T AR AN [RI 26 R 4 0 % ] 2 57 1. 35 (P<0.05), A RS F-hE 3R/ [l 28
HU SR A=AV B S [R] i AT A L ] 22 57 (. 3% (P<0.05) . NO, N'100, N200, N300, N400 and N600 are nitrogen fertilization annual rates of 0, 100, 200, 300, 400 and
600 kg-hm*, respectively. B, F, M and FM represent the non-rhizosphere soil, thizosphere soil of intercropped soybean, rhizosphere soil of monocropped maize
and rhizosphere soil of intercropped maize, respectively. Different lowercase letters indicate significant differences among different locations of soil samples
under the same fertilization treatment at P<0.05 level. Different capital letters indicate significant differences among different fertilization treatments in the same

location of soil sample at P<0.05 level.
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U, A DX 388K 30 S it 1) 5 FF 3 L RLPE AR 2R 20 I 9
TURTEAR PR A HLAK B8 5 76 K A R AR IR AT

gi LTIk, i A PLAR R 4 S A 3R AR BT
Hk 2R AZ KRR A R AR R B . A LA R 4 R & 1Y
XU 52 ], AS RIS v R I B A (] it 2 2 R R A Y
Ttk Ty e A o S [ s 25 A SR A A LR A 4 L o ik
S 5 W) A0SR AR R 2 B BH S R A, S
T Ao 7 3 AR JE o A SRR AR B 5 WA R
FFSEE T, F— DR HSE AL, ) B AR AL
A

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 9 1]

2GR A ATt SR 5 I K (B SR W 0T - SR AT SR AR Ll Rl R A1 B 5 1843

3 iFig
3.0 EXREMEERMEW(RE T T X ERER T

KIEEMERF

T IESE . MEe S R 7S A BRI %
YIMSG. Add . JNE . BHE . RS AFIE H ARl A 21
T o A M L SRR EE LR Wi
i) 5 - M 0RE A 58 Ak i B D R AT A B B 1
=0.25 mm Y AT SR 438 5 B AR Oy I AR 25 A A,
T RAF SRR, LR E 4 (Ry,s) PT LA
T LSRR S, e B, AR R T,
BELE R AT, Mg R T K Sy L A LR IR Sy
Y5 AL, T2 5 133828 7 e VR AR G, S8l
R A R AR R AR T DL - A 2R
RO B EH AR . S F B R RS SRR AR, £
VAT R A 34 o o AR R A R L AL T A R
%, PR ARFR S PR ™, AHEsT 4 SRR, it A/
X A SR AR 2 S B LA S A 198 5% ) 5383 AN [+) o A =
YRR, H B EKR S KEHAEKRR S
it 80 X B K AR P (FM) 380K I Rk Fa e e
3 R, it R A S s AN R TR T R A
B FE 5 3R, LA N400 Ab FH FM (1) ] SR8 1A 235 by 1l e o e
IS, o R m . B AW & Bt A B A% T 3 A
BRREEEL ARBF T 45 R A% w AR B 5T —
FEFR I W A R, 3 AT g 0 X A 1) S it
T FF I B, o FF T i 0 A 3R A 19 52 i 280 2R 553 Ak B
o T ICHL Rt X A SR AR () 5%

AT S, SIEMRPr A0, PR REK
A T AR B e ALA RS M R A SR AR  & BG
TN A R AR B i X KRR e R AR AR, SRR
WRARAERKWEZARE, BERS T EKRRE+
(FM) LK HI SRR E R . I UL, 1T £k S
GRME Y R 1E B A 4R T 9 A SRR AR T i v
R A R TR R A SR AR TR B SRR e e T . K
IRV, RARHEY 5 S RHEY RIEA R T4
[Eilnt: PNZIE 20N WSS R SV (TS ¥ S o
PRI TAEA /N - BERFAE R R TP E 25 A
S oK TR Aot A RAR B, &R
K50 A 5 Fp 30 T A R A R A HE R
IR 2UNOETIN ¥ =Yk o1 N = e i O = 3 S|
A S PR O 21 X T R A R R IR R 45 SR %
W, T ok 5 K a1 AT DA S 3 4 v K R K A R A
ik, R X =2 mm Y AR R R S AR e .
Li 26U A5 H R AT 5 R 4 T VA 2 3 2 17 1 56
S5 INFR W, AN [FIAE D a4 AT LS Jin - 58 K A 3R Ak

i, R RIS ETE . XL ARSI SR —
o SEHRA: — 7 £k 5 TRMEY A b TR
(i) A AR = ELAR, 3801 KR 2R 73 00 0 1) b 2 A R
i, AR AT AR Dy R EE ), (e 2k 4 S A
RLZE AL BRI I8, 3 TR D o A W 1 T 2 YR )
Jit, At HE A 0 B R 2 S 5, ELER TR PR
FLIR TE 2215 1, b — P4 1 A SRR Y e 25 4 1,
AT At S2E 3 1T 3R A e A1 DA DR P SR AR, 58 1 - e A
RORMRE Y, IO, AR B R
F T2 Ry 38 4= W) 2 RE e, L3R UG A AR T 5
PRAEREEA . 2. RBREREY R, Wi %
FREBE T R BRI
32 EHERERAERBESRMEYNTRE LE

HAREANHRNEESERETHE

A R A b A BB R RS AU T AT SR A Y
N, L BE RS 2 35 (2 R G 1 B A 1, i ELAR E B A
S B AT T o A4 05 AT ML B A U LR B, A2
E - HERR S A K R S AR, TS BUIE IR 1
Bia, (e R, 3R T SRR RE T o AR AR
FOHAR 48 PR T RE 6% 10 25 52 W) R 3R S5 A A1 5% 73 T
W, o2 - S SR AR O Ay e B ) e vty S AR Bl [
R, E—E R, X AR SR 1 R R4
ZAE M . BEABFSERIY, EoR S ERMED R E A
FNE S A AL AR AR ] Ik 2 P v A AL A 4 S i
i, EEAR AR T KRR R R AR PLAR A 42 EA L
HE A DL A TTBRT T AR S IR A B2
ZEAR, K5 R SRR A AR T A BLR A 4
Roite TR —J5 i, SR AT R A
RINHE, AR A 08 U 5 7 4 58 LA
Rl SANEE oK iR (o7 a5 Sl R NTTTR 1
A LR A, RIGE i AE KRR R AR
VRSB BRI B 55— 7 1, AN [F) 2 YAy 1) A 4
T AR Z R, B 18] B AR FIAR 4 BAR S 2 R
A W A N 2R R, T X R S B A
AETE IR, SR HE T R A AR R . AR TEIE K
82 VNE S SSPNISA LI (RSO0 RER IR ik R dZik LU NCY
(23 A3 7 A2 SR, R R T ORISR HLAR A4
U IR, IR R XREL A AT R AT LA T 4 R 2 )
I Ry 03 25 b PR HILBR AN 4 UFE R A R A b it
T TR A SRR Bk, v, A SR AR
AT BB AN A2 2000 2 DTk . s R S AR L™
P 7 LTI e D X A 2 R A IR A
P SR AT SR 0 A B2 W B T S8 45 R AR — 2L, OF
FEG Six A5 R Y 00 VA SR AR R B A R

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1844 Hp AR ARl 2A R (HP ) 2025

% 33%

B A LT R EE ) SR T 1 50 R 1 2R A,
TIEAHLBR . RS IR IS SR TE R MR R R AR, SR
Je BB URLAT HILA ) 2 A% , P SRAASZ B I, 2E i
SE Rl A SR AR e 2 i
TG ERHEY ARSI T A 58 Pk
A AR, fie it - e A= -5 B PR IR A A b g,
SR - R S e, X b R AR SN A A2 B AR
R A4 R R, it A T AR T £
AT HURR AN 4 505 B, (EL R HE S8 A 384 0 1) £ B
VA - e S AR T R L A7 78 22 53, (W) S AR T 42
FHE A LA B A o X S e SR A e i it
SURINER K L IRMEA A T 52 71 L e PR ARG E 1
AT BB 42 ST 5 085 7 OG5 R AR X5 SR
W 1] SR ) 2 A AR R 3 R 3R R A 5, D S it
RE W e i 7 BIR ST . AR ST, IR T+
SR VAT SR AT AL R 4 SR04 18] AR 2800 32 il 560 ) 981 4%
I A R B H T P R, B S S5 B Ak
VAL SRR J) e R A A A, R A SR 1) ARl 1 SR AR AL 5
TSI A], PR, T AE 5 ol 7 O6F 3 PSR AR
ST R AR A T R A IR TR R B

4 Z5ig

Jite A R A oA R R i 9 P R AR A 5 kR
A3 ARRREAE B B A PR I . AE EORFIAE AR R
FIAGRMEY AT A T R 3R AR 2R B4R A
MR B AERON, £ e R AR i e - R Y
R P o bt 2 o) P SR (AR A i R LR S 1 11 5 i)
55 F A [E AR 7 20 R 2R 052 ), it e AR
VR AR 22 5 | T K AR B KK P 58 A e S5
A 2 5, A AR PR = AR AR BR 4 1R
[Fi) it JES Ak R i) 359 TG (3 25 5% o FEAH AL AR 0L T,
HRBR B ARAR B A R AR TR K AT R AR B 6 2 0 4t 1
THRER, 15 TR KA RA A B, iR
X RER R TP AEAR R EAE . R BRSO A —
FE I IR P AR e 2R AN R it A o i N R
T B B Fa e 2, L N400 &b A] /F TR AR bR
1) A SR AR A A M e R e IR L AR R de i, RIS H
Jiti A R B T A R AR R AR e M

Jite 8 T A R T - A AL R A U i, H R
Jita 280 ER: 3 I ) A AV E R A AR R R R R R
T B A AE 22 5, (VR 5045 1) F $2 TH IR U Ak 22 + 4
ARG &, FERE T ORMEMEMAN LT E
T #2114t e 1 60 DA AR 78 IR
R, G T AR A P K 00 IO AN R 3 B ) 20 3R PR i,

AT ELRHIARARHE AR 2 A L st S 11 1 Sl
MR o AT BB 42 U7E R P SRR b Y 5 v T (kA
SIS FORL, B4 5 17 R P SR A AT ML B A 42
T, R R X R A AT SR AT AL T SRR T i
3, UL AR D7 3R BIOAE B S TR A JE B R K
P SR A B 23

Li LR, K GRMED EAER & T 3R
VAL SR A o, I T e AT R A AR 2 1 B AT LA A
PR, A T SRR R E . AR R
b IR] ELAE A SRR [ 5 T T TORARBR LR
(3 TF, AR TR A R AT SR AAAT W A 3,
At 20% P 3R A 427 2 3 B LS I it 0 R ] 2R 1O
PARAH I AR, 22 ROk 2 A5 L NO Ak B 42
THECR v, A RLZ T LL NA00 i e U IR, R W
T ECE AT T RE 2 4R v A AR AR B0 Rl T A AR
DRUAS A5 S92 it 1] A7 o A A7 BIR K, il 20 45 T 1 1
F o ] EL ARSI AR £ O AR i o 1 — BT AR IE

S22 Hk References

[1] GUNINA A, KUZYAKOV Y. Pathways of litter C by formation
of aggregates and SOM density fractions: Implications from “C
natural abundance[J]. Soil Biology and Biochemistry, 2014, 71:
95-104

[2] XIE J, PENG B, WANG R, et al. Responses of crop
productivity and physical protection of organic carbon by
macroaggregates to long-term fertilization of an Anthrosol[J].
European Journal of Soil Science, 2018, 69(3): 555-567

[3] LAL R. Physical management of soils of the tropics: Priorities
for the 21st century[J]. Soil Science, 2000, 165(3): 191-207

[4] B, XUPERT, Hiak . eI RARIIE i 7 R A A
A R ], K DR, 2003, 17(6): 163-166
ZHAO J K, LIU Z X, HAN Y J. Review on formation and
dispersion of aggregates and their application in agriculture[J].
Journal of Soil Water Conservation, 2003, 17(6): 163—166

[5] R LR, XUMS, 55 AS[RIAB 5 4 B 0 e I+ 4 141 R 4
YR B LR . R B RS IR [J]. O AR AR 23R, 2016, 27(11):
3521-3528
CHENG Y, REN H, LIU P, et al. Effects of different cultivation
practices on composition, carbon and nitrogen distribution of
soil aggregates in farmlands[J]. Chinese Journal of Applied
Ecology, 2016, 27(11): 3521-3528

[6] #is&, EilFR, NI, 4. N DNDC BRI Hr R AL B A
MBI A2 MU S 5 17 k22 ] A B[R] 5 R (0. A 77
SRk, 2017, 23(1): 9-19
HE M, WANG Y C, WANG L G, et al. Using DNDC model to
simulate black soil organic carbon dynamics as well as its
coordinate relationship with crop yield[J]. Journal of Plant
Nutrition and Fertilizer, 2017, 23(1): 9-19

[7] SREHE, XA, BRA R, 55, DI RAA S5 AT HLER B2 C R
WFFE kR[], fRE gl 244, 2016, 31(3): 319-325
ZHANG J C, LIU Y Y, HE H Z, et al. Research advances on

http://www.ecoagri.ac.cn


https://doi.org/10.1016/j.soilbio.2014.01.011
https://doi.org/10.1111/ejss.12546
https://doi.org/10.1097/00010694-200003000-00002
https://doi.org/10.3321/j.issn:1009-2242.2003.06.044
https://doi.org/10.3321/j.issn:1009-2242.2003.06.044
https://doi.org/10.11674/zwyf.16146
https://doi.org/10.11674/zwyf.16146
https://doi.org/10.11674/zwyf.16146
https://doi.org/10.11674/zwyf.16146
http://www.ecoagri.ac.cn

%9

] 2GR A ATt SR 5 I K (B SR W 0T - SR AT SR AR Ll Rl R A1 B 5

1845

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

mechanism of organic carbon sequestration in soil aggregates[J].
Fujian Journal of Agricultural Sciences, 2016, 31(3): 319-325
SIX J, ELLIOTT E T, PAUSTIAN K. Soil macroaggregate
turnover and microaggregate formation: A mechanism for C
sequestration under no-tillage agriculture[J]. Soil Biology and
Biochemistry, 2000, 32(14): 2099-2103

NYAWADE S O, KARANJA N N, GACHENE C K K, et al.
Short-term dynamics of soil organic matter fractions and
microbial activity in smallholder potato-legume intercropping
systems[J]. Applied Soil Ecology, 2019, 142: 123—135
BIMULLER C, KREYLING O, KOLBL A, et al. Carbon and
nitrogen mineralization in hierarchically structured aggregates of
different size[J]. Soil and Tillage Research, 2016, 160: 23—33
SKA4EI, KOLBE H, 5KiATE. LA WA B AL LRI AT 5T
PRI, ELORRE, 2020, 53(2): 317-331

ZHANG W L, KOLBE H, ZHANG R L. Research progress of
SOC functions and transformation mechanisms[J].
Agricultura Sinica, 2020, 53(2): 317-331

Fi 2, TR . LI RATE SR E LR LS KR ).
+HER AR, 2005, 36(3): 415-421

WANG Q K, WANG S L. Forming and stable mechanism of
soil aggregate and influencing factors[J]. Chinese Journal of Soil
Science, 2005, 36(3): 415-421

NG, G IGERE, B S, 45 22 AL AR X - S P 2R AR 2 A e
FA BB AN 2 RS R[], P ER LR, 2023, 56(15):
2929-2940

SUN T, FENG X M, GAO X H, et al. Effects of diversified

cropping on the soil aggregate composition and organic carbon

Scientia

and total nitrogen content[J]. Scientia Agricultura Sinica, 2023,
56(15): 2929-2940

BRIy, FESLTE, SPIE, S5, AR BHER G T SR T R R
PR AT LB AN 42 A HRAE 0], 7P A 2Rl 27412, 2015,
23(3): 276284

WU J, CAI L Q, QI P, et al. Distribution characteristics of
organic carbon and total nitrogen in dry farmland soil aggregates
under different tillage methods in the Loess Plateau of central
Gansu Province[J]. Chinese Journal of Eco-Agriculture, 2015,
23(3): 276284

TILMAN D, BALZER C, HILL J, et al. Global food demand
and the sustainable intensification of agriculture[J]. Proceedings
of the National Academy of Sciences of the United States of
America, 2011, 108(50): 20260—20264

CONG W F, HOFFLAND E, LI L, et al. Intercropping enhances
soil carbon and nitrogen[J]. Global Change Biology, 2015,
21(4): 1715-1726

LI X F, WANG Z G, BAO X G, et al. Long-term increased
grain yield and soil fertility from intercropping[J]. Nature
Sustainability, 2021, 4(11): 943-950

EWH, ERR, BRI, & RR TP 5= 5h S RE
BRI [D]. I FHAE 2244, 2021, 32(5): 1783—1790

WANG Y J, WANG T Q, HOU Z J, et al. Responses of root
exudates to intercropping of Chinese milk vetch with rape[J].
Chinese Journal of Applied Ecology, 2021, 32(5): 1783—1790
X, RS RG, 25K, 5. KR RIVEXT Sk il 21 ¢ 1A
LR GNP R R R EEh SRS S S S R G

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

), 2025, 23(1): 150-158

ZHAO J X, JIU J J, LI Y M, et al. Effects of maize-soybean
intercropping on aggregate microbial biomass carbon and
nitrogen in a red soil on a sloping field[J]. Science of Soil and
Water Conservation, 2025, 23(1): 150—158

Ve 2%, B, T, . B AEY RO IR B H X T 3
VR4 A A R - SR BT 5% W 0 BIF 5 0 SR [0, B FH A S Al
2021, 32(8): 2666—2674

SUI X, HUO H N, BAO X L, et al. Research advances on cover
crop plantation and its effects on subsequent crop and soil
environment[J]. Chinese Journal of Applied Ecology, 2021,
32(8): 26662674

GHIMIRE R, GHIMIRE B, MESBAH A O, et al. Soil health
response of cover crops in winter wheat-fallow system[J].
Agronomy Journal, 2019, 111(4): 2108-2115

TR, AR 4 B AR R 03 B 9% KA KRR Y
SN [D]. % PEILARMBIEIR S, 2018

WEI J. Effects of different winter cover crops on soil nutrients
and growth characteristics of rainfed maize[D]. Yangling:
Northwest A & F University, 2018

RERE, LHs, WEAR, & Aedb A 2R EORRER R b -
i 75 U Bt 23 AR AL R (0], B A AR 22 3R, 2014, 25(2):
467-473

XIONG J, WANG G L, CAO W D, et al. Temporal and spatial
variations of soil NO; -N in Orychophragmus violaceus/spring
maize rotation system in North China[J]. Chinese Journal of
Applied Ecology, 2014, 25(2): 467-473
HAUGGAARD-NIELSEN H, GOODING M, AMBUS P, et al.
Pea-barley intercropping for efficient symbiotic N,-fixation, soil
N acquisition and use of other nutrients in European organic
cropping systems[J]. Field Crops Research, 2009, 113(1): 64—71
LICJ,LIYY, YU C B, et al. Crop nitrogen use and soil
mineral nitrogen accumulation under different crop combina-
tions and patterns of strip intercropping in Northwest China[J].
Plant and Soil, 2011, 342(1): 221-231

H 3575, VR, AR, . KR/ GESRM N HEEUK X
Wy R OR 2 BB R AR S R [1]. 2 RAEW) F 4, 2011,
31(3): 499-503

XIAO J X, TANG L, ZHENG Y, et al. Effects of N level on
yield of crops, N absorption and accumulation of barley in
barley and faba bean intercropping system[J]. Journal of
Triticeae Crops, 2011, 31(3): 499-503

FAGH, BeEAE, B fEYIEAE MY, Jb st hE AR R
HoARH AL, 2013

WANG G Y, DUAN B H, SHI S B. Crop Intercropping[M].
Beijing: China Agricultural Science and Technology Press, 2013
SIX J, ELLIOTT E T, PAUSTIAN K, et al. Aggregation and
soil organic matter accumulation in cultivated and native
grassland soils[J]. Soil Science Society of America Journal,
1998, 62(5): 1367-1377

CAMBARDELLA C A, ELLIOTT E T. Carbon and nitrogen
distribution in aggregates from cultivated and native grassland
soils[J]. Soil Science Society of America Journal, 1993, 57(4):
1071-1076

PRASAD J VN S, RAO C S, SRINIVAS K, et al. Effect of ten

http://www.ecoagri.ac.cn


https://doi.org/10.1016/S0038-0717(00)00179-6
https://doi.org/10.1016/S0038-0717(00)00179-6
https://doi.org/10.1016/j.apsoil.2019.04.015
https://doi.org/10.1016/j.still.2015.12.011
https://doi.org/10.3864/j.issn.0578-1752.2020.02.007
https://doi.org/10.3864/j.issn.0578-1752.2020.02.007
https://doi.org/10.3864/j.issn.0578-1752.2020.02.007
https://doi.org/10.3321/j.issn:0564-3945.2005.03.031
https://doi.org/10.3321/j.issn:0564-3945.2005.03.031
https://doi.org/10.3321/j.issn:0564-3945.2005.03.031
https://doi.org/10.3864/j.issn.0578-1752.2023.15.008
https://doi.org/10.3864/j.issn.0578-1752.2023.15.008
https://doi.org/10.1111/gcb.12738
https://doi.org/10.1038/s41893-021-00767-7
https://doi.org/10.1038/s41893-021-00767-7
https://doi.org/10.2134/agronj2018.08.0492
https://doi.org/10.1016/j.fcr.2009.04.009
https://doi.org/10.7606/j.issn.1009-1041.2011.03.020
https://doi.org/10.7606/j.issn.1009-1041.2011.03.020
https://doi.org/10.7606/j.issn.1009-1041.2011.03.020
https://doi.org/10.2136/sssaj1998.03615995006200050032x
https://doi.org/10.2136/sssaj1993.03615995005700040032x
http://www.ecoagri.ac.cn

1846

AR RO 24k (R 3E3C) 2025

% 33%

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

years of reduced tillage and recycling of organic matter on crop
yields, soil organic carbon and its fractions in Alfisols of semi
arid tropics of southern India[J]. Soil and Tillage Research,
2016, 156: 131-139

XL, X e, MEIE S, 45, AN [ fl HE A BEXT - 39E K AR 1
W SR A4 KA L 43 AR B 5% R 0], AR A E 4, 2010, 30(4):
1035-1041

LIU E K, ZHAO B Q, MEI X R, et al. Distribution of water-
stable aggregates and organic carbon of arable soils affected by
different fertilizer application[J]. Acta Ecologica Sinica, 2010,
30(4): 1035-1041

FRAE, AR, W, A A B SRS FFRCE T 4 € AT 3R
TR MRS B RESE D). H3E2F 4R, 2019, 56(4): 929-939
WANG F H, HUANG R, GAO M, et al. Effect of combined
application of biochar and straw on organic carbon content in
purple soil aggregates[J]. Acta Pedologica Sinica, 2019, 56(4):
929-939

HES, WA, BRE e, 45, BHE S REAT I8 7 200 i 1
bR SR A A B R (D], P A AR AR (T3S0,
2021, 29(9): 1558—-1570

ZHANG Y M, HU C S, CHEN S Y, et al. Effects of tillage and
straw returning method on the distribution of carbon and nitro-
gen in soil aggregates[J]. Chinese Journal of Eco-Agriculture,
2021, 29(9): 1558—-1570

EYNARD A, SCHUMACHER T E, LINDSTROM M J, et al.
Aggregate sizes and stability in cultivated south Dakota prairie
ustolls and usterts[J]. Soil Science Society of America Journal,
2004, 68(4): 1360—1365

LIU Z X, CHEN X M, JING Y, et al. Effects of biochar
amendment on rapeseed and sweet potato yields and water
stable aggregate in upland red soil[J]. Catena, 2014, 123: 45-51
JAMON, BRATA, AT, 2. AN [l i A 2 R it 2 e oo 1 0
PSRRI ]. TR X RIS, 2013, 31(3): 100-105
ZHOU C C, CHEN Z J, ZHAO S X, et al. Effects of different
cultivating patterns and nitrogen fertilizer application on soil
aggregates[J]. Agricultural Research in the Arid Areas, 2013,
31(3): 100-105

SRR, AT, it LA 1 TR KT P 558 vy S T i S ]
AR e P KW B LY B2 R [J]. B RS EE L, 2020, 32(2):
22-26

ZHANG X, REN H Y, HAN G D. Effects of warming and
nitrogen application on soil aggregate stability and carbon
content in the desert grassland of Inner Mongolia[J]. Grassland
and Prataculture, 2020, 32(2): 22-26

BLICsE, AN, HLIGEER, S, IR il 5 /R R S i oK
ST SRAR KA LR & AR SZ IR [I]. PO ARl K222 41, 2023,
41(5): 811-819

RUAN W L, PENG S, ZHU X H, et al. Effects of nitrogen
reduction and soybean intercropping on soil aggregates and
organic carbon content of sweet maize[J]. Journal of Sichuan
Agricultural University, 2023, 41(5): 811-819

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

PR, BHOT, BHn, 5 E RO B0 L R AR
SEME R R . R AT RSE W (1], AE A E IR S SRR, 2021,
27(3): 380391
QIAO X X, WANG Y F, LI Q Y, et al. Effects of multi-
cropping systems on cinnamon soil aggregate stability, carbon
and nitrogen distribution in western Henan Province[J]. Journal
of Plant Nutrition and Fertilizers, 2021, 27(3): 380—391
I, Y8, F A, 45 IPRRLET FORAR T IR 2
i B HC 5 AT 3R M A 1 06 FR 0] K R AR FRIF 5T, 2019,
26(1): 124-129
BAIL S, FAN M P, WANG Z L, et al. Relationship between
root characteristics and aggregate stability in the field with
maize and soybean intercropping[J]. Research of Soil and Water
Conservation, 2019, 26(1): 124—129
E 5, A, A, SF R EXTERAR R 43 B TSR
FREPERIE R [J]. 7K LR RR2EAR, 2018, 32(3): 185190
WANG T, LI Y M, WANG Z L, et al. Effects of intercropping
on maize root exudates and soil aggregate stability[J]. Journal of
Soil and Water Conservation, 2018, 32(3): 185-190
wl g, POSCHE, BB, 4. TR VERT 3 AT RARA DL AR B 5%
Wi B FLARFE RN [T]. 7K T Ade24Rk, 2019, 33(5): 303-308
XIANG R, YI W B, ZHAO W, et al. Effects of intercropping on
soil aggregate-associated organic carbon storage and nitrogen
regulation[J]. Journal of Soil and Water Conservation, 2019,
33(5): 303-308
SUN Z C, ZHANG Z C, ZHU K, et al. Biochar altered native
soil organic carbon by changing soil aggregate size distribution
and native SOC in aggregates based on an 8-year field experi-
ment[J]. Science of The Total Environment, 2020, 708: 134829
FREIXO A A, DE A MACHADO P L O, DOS SANTOS H P,
et al. Soil organic carbon and fractions of a Rhodic Ferralsol
under the influence of tillage and crop rotation systems in
southern Brazil[J]. Soil and Tillage Research, 2002, 64(3/4):
221-230
WEI X R, SHAO M G, GALE W J, et al. Dynamics of
aggregate-associated organic carbon following conversion of
forest to cropland[J]. Soil Biology and Biochemistry, 2013, 57:
876—883
AR, R, TR, . 0w e SR A TR R 2R e X
T FERFANE AT SR A B U534 B SE R[], AL PREERL 72412,
2016, 35(2): 305-313
WEIL'Y C, MA T E, WEI X R, et al. Effects of cropping systems
on distribution of water-stable aggregates and organic carbon
and nitrogen in soils in semiarid farmland of the Loess
Plateau[J]. Journal of Agro-Environment Science, 2016, 35(2):
305-313
JIA'Y F, ZHAI G Q, ZHU S S, et al. Plant and microbial
pathways driving plant diversity effects on soil carbon accumu-
lation in subtropical forest[J]. Soil Biology and Biochemistry,
2021, 161: 108375

http://www.ecoagri.ac.cn


https://doi.org/10.1016/j.still.2015.10.013
https://doi.org/10.11766/trxb201805020169
https://doi.org/10.11766/trxb201805020169
https://doi.org/10.2136/sssaj2004.1360
https://doi.org/10.1016/j.catena.2014.07.005
https://doi.org/10.3969/j.issn.1000-7601.2013.03.016
https://doi.org/10.3969/j.issn.1000-7601.2013.03.016
https://doi.org/10.3969/j.issn.2095-5952.2020.02.010
https://doi.org/10.3969/j.issn.2095-5952.2020.02.010
https://doi.org/10.3969/j.issn.2095-5952.2020.02.010
https://doi.org/10.11674/zwyf.20323
https://doi.org/10.11674/zwyf.20323
https://doi.org/10.11674/zwyf.20323
https://doi.org/10.1016/j.scitotenv.2019.134829
https://doi.org/10.1016/j.soilbio.2012.10.020
https://doi.org/10.11654/jaes.2016.02.014
https://doi.org/10.11654/jaes.2016.02.014
https://doi.org/10.11654/jaes.2016.02.014
https://doi.org/10.11654/jaes.2016.02.014
https://doi.org/10.1016/j.soilbio.2021.108375
http://www.ecoagri.ac.cn

	1 材料与方法
	1.1 研究区域概况及试验设计
	1.2 样品采集与测定方法
	1.2.1 样品采集
	1.2.2 机械稳定性团聚体测定
	1.2.3 水稳性团聚体测定
	1.2.4 土壤全氮和有机碳测定

	1.3 相关指标计算与数据统计分析方法
	1.3.1 相关指标计算
	1.3.2 数据分析


	2 结果与分析
	2.1 长期不同施氮量下玉米间作豆科作物对土壤机械稳定性团聚体分布特征的影响
	2.2 长期不同施氮量下玉米间作豆科作物对土壤水稳性团聚体分布特征的影响
	2.3 长期不同施氮量下玉米间作豆科作物对土壤团聚体稳定性的影响
	2.4 长期不同施氮量下玉米间作豆科作物对土壤全氮及团聚体氮库的影响
	2.5 长期不同施氮量下玉米间作豆科作物对土壤有机碳及团聚体碳库的影响

	3 讨论
	3.1 玉米间作豆科作物促进了土壤大团聚体形成和水稳定性提升
	3.2 适宜施氮量耦合玉米间作豆科作物可提高土壤团聚体有机碳和全氮含量及其贡献率

	4 结论
	参考文献

