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Abstract: An experiment with milk vetch input to replace chemical nitrogen fertilizer was established in 2008. This study investi-
gated the soil aggregate composition and soil organic carbon distribution with the wet screening method to classify the aggregates
and determine the soil organic carbon content of aggregates with different particle sizes. Four treatments were selected, i.e. rice-rice-

winter fallow [conventional fertilization, NPK (fallow)], rice-rice-milk vetch [conventional fertilization, NPK (milk vetch)], rice-rice-
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milk vetch [20% chemical nitrogen reduction for both early and late rice, 0.8N+PK (milk vetch)] and rice-rice-milk vetch [40%
chemical nitrogen reduction for both early and late rice, 0.6N+PK (milk vetch)]. The results showed that the soil aggregate
composition was significantly changed by adjusting nitrogen application rate. Mean weight diameter (MWD), geometric mean
diameter (GMD) and >0.25 mm soil aggregate content were the highest in the treatment of NPK (milk vetch). Compared with winter
fallow treatment, the contents of >2 mm and 0.25 ~ 2 mm aggregate in the treatment of NPK with milk vetch returned to the field
increased by 15.3% and 3.81%, respectively, but there was no significant difference. Compared with the normal nitrogen application,
the content of >2 mm aggregate was significantly reduced by 41.8% ~ 57.6% in the treatment of 0.6N+PK (milk vetch) and
0.8N+PK (milk vetch) (P<0.05). Compared with winter fallow treatment, amendment of milk vetch to field together with the reduc-
tion of nitrogen application significantly reduced soil organic carbon content in aggregates of all particle sizes (P<0.05). However,
there was no significant difference in soil organic carbon content in aggregates among treatments after milkvetch returned to the
field. The enrichment coefficients of organic carbon in aggregates with different particle sizes treated with NPK (fallow) were all
greater than 1. The enrichment coefficients of organic carbon in aggregates >2 mm and 0.25 ~ 2 mm treated with NPK (milk vetch),
0.8N +PK (milk vetch), and 0.6N +PK (milk vetch) were greater than 1. Soil MWD and GMD were positively correlated with the
contents of >2 mm aggregate and 0.25 ~ 2 mm aggregate (P<0.05), but not significantly correlated with the content of soil organic
carbon in aggregates. In conclusion, the return of milk vetch to red soil under two cropping rice per season may be beneficial to soil
structure, but no matter whether nitrogen application is reduced or not, it is still necessary to adjust the carbon to nitrogen ratio of
exogenous input to achieve the stability of soil structure and improvement of soil fertility.
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Table 1 Fertilizations under different treatments kg'hmfz
T F It A
JOE: Jite A 175 14 Early rice Late rice
Treatment Fertilizer application N PO, KO N P,O, K,0
NPK ( [H ) - -4 TR, R TS
NPK(Fallow) Rice-rice-winter fallow, conventional fertilization 150 90 20 172.5 43 2.5
NPK ( %) FE-FE -2 0, WAL
NPK(Milk vetch) Rice-rice-milk vetch, conventional fertilization 150 9% 9% 1725 4 125
0.8N+PK ( %) iR =0, WA 20%
0.8N + PK(Milk vetch)  Rice-rice-winter fallow, 209% reduction of nitrogen application 120 90 20 138 43 112.5
ONHPK (5% H RG-S, IR 40%
0.6NIPK ( %) BA-RAR, WAA0% 9 90 90 103.5 45 1125

0.6N + PK(Milk vetch)

Rice-rice-winter fallow, 40% reduction of nitrogen application
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Fig. 1 The amounts of milk vetch returned over the years
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Note: Different lowercase letters indicate significant differences between treatments under the same aggregate size ( P<0.05) .
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Fig.2 Compositions of soil aggregates under different treatments
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A PR R o AT A W, w0 AJ A E B AL T>0.25 mm RIS AA E & (P<0.05)
0.6N+PK (%8 ) Fl 0.8N+PK (%2 ) Ab¥f f%>0.25 mm H7 2% 1 B4R & 5 NPK (48 ) 40 3R 43 51 2 25 &1
15.7% 1 21.2% ( P<0.05) . 0.6N+PK (4% ) F1 0.8N+PK ( %¢) 4bFHAY MWD 5 GMD # NPK ( 48 ) kbs
Ay IR 7.17% . 11.3% F133.1% . 28.4%.

x2 TELABFHREER.FHLMERF>0 25mm HRARFE

Table2 Mean weight diameter, geometric mean diameter and >0.25 mm aggregate contents of different treatments

Ab ¥ Treatment >0.25 mm/% MWD/mm GMD/mm
NPK ( [ ) NPK(Fallow ) 53.3+4.76 ab 0.62+0.05 a 0.310.04 ab
NPK ( %) NPK(Milk vetch) 56.8+2.61 a 0.66+0.03 a 0.37£0.05 a
0.6N+PK ( %) 0.6N + PK(Milk vetch) 47.9+1.21 be 0.61£0.02 a 0.25+0.01 b
0.8N+PK ( %8 ) 0.8N + PK(Milk vetch) 44.8+1.95¢ 0.58+0.03 a 0.27+0.02 ab

fE: MWDH /R P # it B8, GMDR/RJLAMPHER ., RFE/NG FRFRRA IR 25 2% (P<0.05) . TR,
Note: MWD stands for mean weight diameter, and GMD stands for geometric mean diameter. Different lowercase letters indicate significant differences

between treatmens at 0.05 level (P<0.05). The same is as below.
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R IRV B S T AT DU IR R T 40 (1203 ) . A DRABIAT LB, AR 25 3R T
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=2 A1 0] | heb |y NPK (Milk vetch)
g0 55 NS 7—T bb e
g NE] | N ¥ | g 0.6N+PK (£5)
R N | NE | AN 5 0.6N+PK (Milk vetch)
E ’ 159
g st __0.8N+PK (%)
g g: 0.8N+PK (Milk vetch)
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mO N ‘é
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Gk LS kA

Soil aggregate grain size/mm

T AFE/NG FRERIRE —BIRRR R T AR AR (T) ZH LA VLR & 2255 BE (P<0.05) 5 ARIKE FRFRR AR SR IR
Kigk (S) A LA PR S 2R RE (P<0.05) o TIH.

Note: Different lowercase letters indicate significant differences of soil organic carbon content between treatments (T) under the same aggregate size
at 0.05 level (P<0.05). Different capital letters indicate significant differences of soil organic carbon content between different aggregate sizes (S) at
0.05 level (P<0.05). The same is as below.
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Fig. 3 Organic carbon contents in soil aggregates under different treatments

IR RO H ARG IR S 2 S AR S R (R, RN e P B AR B A [ 45
MERRERE ), HEUE KT | BHMEERR BT R, /N F BB, KT 3atimdlEsd, KTPEF 1.5
X, KTFET 0.5 /NFET 15 BHEFR—KF, /N 0.5 B L, /NF 0.1 BFRZIEE™), h
FK3AUL, A ANERR A DL R R R BUTE 0.74 ~ 1.46 Z[a], YRt HI SRR s NS, NPK ()
A TR [E)RE A2 A B AR oA HLR B 4 22 4009>1, NPK (%%) . 0.8N+PK (%) H11 0.6N+PK ( £¢) 4bFH>2 mm
F10.25 ~ 2 mm I RIEF A LR E S ZRE>1, 1MLE 0.053 ~ 0.25 mm F1<0.053 mm R F SR 1A DLk



30 + & 5 £ W F12%

EHERB<1, NPK ([H) ., NPK (%8) il 0.8N+PK (%5) AZbHEf{>2 mm ki FRIK b & 48 R AU & =
F<0.053 mm KA R (P<0.05) o A[FERAZE R AR E £ REIILL NPK ([H ) b3S FAME R
A AL BE, 0.6N+PK (%8 ) il 0.8N+PK (%8 ) AbBEAY>2 mm 47 2% A 3R R v bk & 42 2 808 KT NPK
(/) Ab3E (P<0.05) o A5 25 00id F 25 b B AT SR (A P oy ML ' B2 3R B, YIRS fb 2 RO P i/ 5
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Table 3 Organic carbon enrichment coefficients of aggregates under different treatments

Ab B [ 5 1A $i 42 Soil aggregate size
Treatment >2 mm 0.25 ~2 mm 0.053 ~0.25 mm <0.053 mm
NPK ( [H ) NPK(Fallow ) 1.46£0.17 aA 1.35+0.14 abA 1.10£0.11 beA 0.99£0.06 cA
NPK ( %) NPK(Milk vetch) 1.17+0.02 aAB 1.16£0.18 aAB 0.86+0.07 abA 0.79+0.06 bA
0.8N+PK ( %) 0.6N + PK(Milk vetch) 1.13+0.12 aAB 1.1120.05 abAB 0.85+0.02 abA 0.77£0.03 bA
0.6N+PK ( %% ) 0.8N + PK(Milk vetch) 1.05+0.03 aB 0.99+0.03 aB 0.81+0.04 aA 0.74+0.02 aA

TE AN RN 5 B2 R AR TR Ak BRAS (W) P 28 AOHE 2% 1) 2 3 (35 ( P<0.05) 5 RN IAI K5 5 B 3R [l — P 23R 40O8E 2% T S ] Ak B
Z 8] 28 53k B #FH K P (P<0.05) .
Note: Different lowercase letters indicate significant differences between different aggregate sizes (P<0.05). Different capital letters indicate

significant differences between treatments under the same aggregate size (P<0.05).
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PR, AR HIE 20% ~ 40% AFTF EHEHA R AR e X rTaERh T3 10 D EIERA, &
YA RALT NPK () Ab, BRIHER A S S8 KR K R R A% M H R IR B AR
EMETFREY (AR, HH2 KRR P SR AR R R 1 e it 22 (8 IR e ™) 3k ml g S ph
T RISy 5 25 7
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>2 mm P
3 1.00
>)mmP | £  025~2mmP
/ 0.80
0.25~2mmP #0053 ~025mmP
: 0.60
0.053 ~0.25 mm P ‘ \ $sk <0.053 mm P
-0.40
<0.053 mm P \ \ ’ s | >2mmSOC
-0.20
>2 mm SOC #  0.25~2mmSOC
- Lo
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— --0.20
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GMD ’ , \ \ / wt
~1.00
H: PRREFS; SOCHELFHAHM; MWD RE T HEREMAL, GMDRRILMAT-HHE ., “RFMHICHELAE 0.05 KV L%

(P<0.05) ; **fURARMELE 0.01 KF EWZE (P<0.01) .
Note: P indicates percentage; SOC indicates soil organic carbon; MWD indicates mean weight diameter, and GMD indicates geometric means diameter.
* indicates significant correlation at 0.05 level (P<0.05); ** indicates significant correlation at 0.01 level (P<0.01).
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Fig. 4 Relationship between soil aggregate stability and aggregate composition and organic carbon content

. HEWEZE) AR RED i peas ) £ 2ok A AU aIREiE, A R R LR
%HMI%%WI%,,%%Eﬂﬂﬁﬁ%z%MAﬁﬂﬁﬂ%ﬂmﬁwﬁ AMEEEABR A LR 18 38
34, AP YURSEY) BN, KREE A TGA A AL FE>2 mm 1 0.25 ~ 2 mm F SRR AL
EERE>1, WA 0.053 ~ 0.25 mm F1<0.053 mm Rt A AP A ML E 4 A2 5<1, JEh TREL
A DL EEE5Z 0.25 ~2 mm. >2 mm KERRM A E R, LR o000 HAH A AN, 4
AR RBEXTERAL, XTREEh TR RAR SRR, MEEALSE, ST HmaE L, A
58 NPK (PR ) b3+ e & 10.9, 2H 58 = D8I H 0 b B+ m  Fb B NPK (IR ) Ab PRI & T
3.08% ~7.99%, TiHRA HeI R - EA LK & SRR I e 1Y ﬁ%i%km%&@ AR A
R EHEA LIS B A R0 R TR, (REIEBEER (B 2) , XHEAMIRE
AR SRS A U B 8 = L b I AR SRR i P SR AR Z0 A i 2 R

4 % ®
%ZE‘%LEEU: R A0 FH R RE S O AR - g P SR AR A A . el RORE R R RR AR TR A R K
(>0.25 mm) &, M RIEEEME, 025 ~ 2 mm F1>2 mm H BAE & 5 50505 MWD Fl

GMD i@zﬁ%ﬁ*ﬁ%ﬂé/%o A RAL B R A HLBR & i T s ib ], AT AIIE G T, A~
IRk A PR (AR AT LA 5 e B U i el D B T g, al UL, FEZLHENURARA T AT &Rl 5 = 9id
M, AATO IR, (BARIREA S, EOEA 5T ) SMERR LN Y [, 75 a5 B A MR A
P, DIsam SRl ORE, DI SE Bt AR E L S 4R T



32

T &8 5 £ %9 F12E

SEHEL (References ):

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WEIDHUNER A, HANAUER A, KRAUSZ R, et al. Tillage impacts on soil aggregation and aggregate-associated carbon and nitrogen after
49 years[J]. Soil and Tillage Research, 2021, 208: 104878.
ZHANG HY, NIU L A, HU K L, et al. Long-term effects of nitrogen and phosphorus fertilization on soil aggregate stability and aggregate-
associated carbon and nitrogen in the North China Plain[J]. Soil Science Society of America Journal, 2021, 85 (3 ) : 732-745.
MUSTAFA A, HU X, ABRAR M M, et al. Long-term fertilization enhanced carbon mineralization and maize biomass through physical
protection of organic carbon in fractions under continuous maize cropping[J]. Applied Soil Ecology, 2021, 165: 103971.
TREEAT, $7 P, AR BT SCHR AT AL 40T 4 1 R AT SR ARBIE S R (D). bR A, 2022, 37 (4) : 429-438.
ZHANG Y H, WENG B S, YAN D H. Research progress of soil aggregates based on literature visualization analysis[J]. Advances in Earth
Science, 2022, 37 (4) :429-438.
PR, BORA, B ST, S, 4398 P SRR T F 5 R i (0] v i ARl BB 2741k, 2011, 31 (5) : 74-80.
CHENJ G, TIAN D L, YAN W D, et al. Progress on study of carbon sequestration in soil aggregates[J]. Journal of Central South University
of Forestry and Technology, 2011, 31 (5) : 74-80.
REL, RH B, G IE L, 55, LI R AR LE 43 TP i A 43 BC XS 33K K R A VR AR BR A ma 7 (0] 138544, 2021, 10 (4) : 404-411.
SONG H J, ZHU L Y, YANG Y N, et al. Responses of carbon and potassium contents in soil aggregates to the duration of taro-rice
rotation [J]. Soils and Crops, 2021, 10 (4 ) : 404—411.
REE, BERE, 2R, 5. R A LT IR (], op E R 2 R, 2021, 37 (21) - 86-90.
ZHU K H, DUAN L X, LI Y C, et al. Research progress of organic carbon in soil aggregates [J]. Chinese Agricultural Science Bulletin, 2021,
37 (21) :86-90.
IR, W E, IR BT, 5. R SAE R 604F 0155 ok Jié B2 [T AW 77 S HERLA 1L, 2017, 23 (6) : 1450-1461.
CAO W D, BAO X G, XU C X, et al. Reviews and prospects on science and technology of green manure in China[J]. Journal of Plant
Nutrition and Fertilizer, 2017, 23 (6 ) : 1450—-1461.
sk TR, sRAR, Tk B, 4 Rl I RIS P S OB BRIE FIHER [M]. JE Rt Bl bk, 2021.
ZHANG W J, ZHANG J, ZHANG H M. Theory and technology of paddy soil fertilizer and high yield and efficiency tillage [M]. Beijing:
Science Press, 2021.
JEL B, R R, W TUAR, AR AT R 58 S SIS 0 T AR e MR AE O R AR A (). AR TR AR AR, 2017, 33 (23) -
157-163.
ZHOU G P, XIE Z J, CAO W D, et al. Co-incorporation of high rice stubble and Chinese milk vetch improving soil fertility and yield of
rice [J]. Transactions of the Chinese Society of Agricultural Engineering, 2017, 33 (23 ) : 157-163.
YANG L, ZHOU X, LIAO Y L, et al. Co-incorporation of rice straw and green manure benefits rice yield and nutrient uptake [J]. Crop
Science, 2019, 59 (2) : 749-759.
TREK, TIRUL, brif i, 45 SRR [F) SR A Y b 9 AT SR A 23 Ay KRG R 45 AiE (1) v [ 38 S5 IR, 2019 (1) = 71-78.
ZHANG Q, YU E J, LIN H B, et al. Distribution and sequestration of aggregate organic carbon affected by continuous different kind of
green manure cultivation[J]. Soil and Fertilizer Sciences in China, 2019 (1) : 71-78.
VE 3 15 A AN UL EL A X )28 b S BIALE B J% 4/ N2 7 B S [D). 28 %2 LI AR Akl K, 2016: 20-25.
PANG D W. Effects of interaction between tillage patterns and nitrogen fertilizer treatments on soil physicochemical property and yield of
winter wheat [D]. Taian: Shandong Agricultural University, 2016: 20-25.
i e A8, JA DD, H TR R 7 R S S R A S IR A 3 IR s S LR L AR R S IR R A, 2020, 26 (12) -
2115-2126.
GAO S J, ZHOU G P, CAO W D. Effects of milk vetch (4stragalus sinicus) as winter green manure on rice yield and rate of fertilizer
application in rice paddies in South China[J]. Journal of Plant Nutrition and Fertilizers, 2020, 26 (12) :2115-2126.
A8, WS, EE, A RO A BILIE X A E R AR R AT R R B 0. N A AR, 2017, 28 (10) -
3297-3304.
LI R, TAO R, WANG D, et al. Effect of mineral N fertilizer reduction and organic fertilizer substitution on soil biological properties and
aggregate characteristics in drip-irrigated cotton field[J]. Chinese Journal of Applied Ecology, 2017,28 ( 10) : 3297-3304.
A, LT, A HLREAL AL A ST -G 5 R 00 A P 38 PR SR PR 2 LD VDR R B272, 2009, 37 (4) :326-328.
PENG N, WANG K F. Effects of long-term combined application of organic fertilizer on soil aggregates in paddy fields[J]. Jiangsu Agri-
cultural Sciences, 2009, 37 (4) : 326-328.
FREE, A [ . NS RN AT I 30 X 7K RS — /N R VR R R S A1 SR AR EH 43 K 2000 A W 2 0w (0. VLR AR B} 2, 2015, 43 (5)
310-314.


https://doi.org/10.1016/j.still.2020.104878
https://doi.org/10.1002/saj2.20197
https://doi.org/10.1016/j.apsoil.2021.103971
https://doi.org/10.11867/j.issn.1001-8166.2022.012
https://doi.org/10.11867/j.issn.1001-8166.2022.012
https://doi.org/10.11867/j.issn.1001-8166.2022.012
https://doi.org/10.3969/j.issn.1673-923X.2011.05.013
https://doi.org/10.3969/j.issn.1673-923X.2011.05.013
https://doi.org/10.3969/j.issn.1673-923X.2011.05.013
https://doi.org/10.11689/j.issn.2095-2961.2021.04.005
https://doi.org/10.11689/j.issn.2095-2961.2021.04.005
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0604
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0604
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.2135/cropsci2018.07.0427
https://doi.org/10.2135/cropsci2018.07.0427
https://doi.org/10.11838/sfsc.1673-6257.18125
https://doi.org/10.11838/sfsc.1673-6257.18125
https://doi.org/10.11674/zwyf.20375
https://doi.org/10.11674/zwyf.20375
https://doi.org/10.13287/j.1001-9332.201710.029
https://doi.org/10.13287/j.1001-9332.201710.029
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.15889/j.issn.1002-1302.2015.05.102
https://doi.org/10.1016/j.still.2020.104878
https://doi.org/10.1002/saj2.20197
https://doi.org/10.1016/j.apsoil.2021.103971
https://doi.org/10.11867/j.issn.1001-8166.2022.012
https://doi.org/10.11867/j.issn.1001-8166.2022.012
https://doi.org/10.11867/j.issn.1001-8166.2022.012
https://doi.org/10.3969/j.issn.1673-923X.2011.05.013
https://doi.org/10.3969/j.issn.1673-923X.2011.05.013
https://doi.org/10.3969/j.issn.1673-923X.2011.05.013
https://doi.org/10.11689/j.issn.2095-2961.2021.04.005
https://doi.org/10.11689/j.issn.2095-2961.2021.04.005
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0604
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0604
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.2135/cropsci2018.07.0427
https://doi.org/10.2135/cropsci2018.07.0427
https://doi.org/10.11838/sfsc.1673-6257.18125
https://doi.org/10.11838/sfsc.1673-6257.18125
https://doi.org/10.11674/zwyf.20375
https://doi.org/10.11674/zwyf.20375
https://doi.org/10.13287/j.1001-9332.201710.029
https://doi.org/10.13287/j.1001-9332.201710.029
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.3969/j.issn.1002-1302.2009.04.133
https://doi.org/10.15889/j.issn.1002-1302.2015.05.102

E1H XREE: ERRERLFRLHILIEKE T ARKAR R AR HHFHE 33

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

XIE'Y, ZHU T B. Effects of nitrogen fertilizer and straw dosage on soil aggregate composition and carbon and nitrogen distribution in rice-
wheat rotation system[J]. Jiangsu Agricultural Sciences, 2015,43 (5) :310-314.

FEVUHE, HEARAL, B AR, 4. PRALIBRGE X /22 -8 5 2R 49t 3P SR A 20 A S AR A s iy [0 AR 2%, 2018 (1) - 126-132.
CUIJ H, CUILF Z, XUE J F, et al. Effects of fertilizer reduction on distribution and stability of soil aggregates based on wheat-sorghum
system[J]. Crops, 2018 (1) :126-132.

TRk S, SR, B AL, S5 WU AL T 28 25 0 I 4o e M DA SRR B R LA s (0] e I R S KL, 2020 (6) 2 9-18.
XU Y H, NIE J, LU Y H, et al. Effects of different returning amount of Chinese milk vetch on soil aggregates and iron and manganese
oxides under reduced fertilizer application[J]. Soil and Fertilizer Sciences in China, 2020 (6) : 9-18.

XN, XA, BT A, AF . AR UBIE A% 10 T 58 2 0 R A0S b A R R AR R i S (T0. LR RO A A, 2021,
49 (16) : 67-73.

LIU X F, LIU C Z, JIA M M, et al. Effects of Astragalus vulgaris application amount on soil physical properties and rice yield under
condition of reduced chemical fertilizer application [J]. Jiangsu Agricultural Sciences, 2021,49 (16) : 67-73.

TR, SEPRIL, TRH A5 P E A T A s i AR ST R i AT RHE D] ARl TSR, 2020, 36 (16) = 62-70.
ZHANG L, CAIZ J, WANG H Y, et al. Distribution characteristics of effective medium and micronutrient element contents in paddy soils
of China[J]. Transactions of the Chinese Society of Agricultural Engineering, 2020, 36 ( 16) : 62—70.

JAR, BIR S, B, S SR VERE AR X AL SR o e PR SR AR B 2 (0] v ARl A2, 2007, 40 (9) - 1973-1979.

ZHOU H, LYU Y Z, YANG Z C, et al. Effects of conservation tillage on soil aggregates in Huabei Plain, China[J]. Scientia Agricultura
Sinica, 2007, 40 (9) :1973-1979.

i B e b AT (M. 3. b o ER Ol S R, 2000.

BAO S D. Soil and Agricultural Chemistry Analysis [M]. 3rd ed. Beijing: Chinese Agriculture Press, 2000.

FUB AR B, B IR, 8. 22 )R AP RIE AT LA AL SR BRI S (D], 2 M R, 2021, 39 (4) : 148-154.
BAIL, JIANG F Z, CAO W D, et al. Effects of multiple cropping of green manure after wheat on soil organic carbon and its sequestration
characteristics [J]. Agricultural Research in the Arid Areas, 2021, 39 (4) : 148—-154.

NG, IR B, SRR, 45 IR AME A HL xR b A - 2 PR SR A LA 2 43 i s ) [0 oo 1 A 250l 2 3R (h 36 30),
2021, 29 (8) : 1384-1396.

SUN X, ZHANG Y M, ZHANG L J, et al. Effects of long-term exogenous organic material addition on the organic carbon composition of
soil aggregates in farmlands of North China[J]. Chinese Journal of Eco-Agriculture, 2021,29 (8) : 1384—1396.

HUANG X L. The role of poorly crystalline iron oxides in the stability of soil aggregate-associated organic carbon in a rice-wheat cropping
system[J]. Geoderma, 2016, 279: 1-10.

GUGGENBERGER G, et al. Microbial contributions to the aggregation of a cultivated grassland soil amended with starch[J]. Soil Biology
and Biochemistry, 1999, 31 (3) :407-419.

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.

WREETE, PVER IS, £ 0, S5 A IR i 280 4 %o 22 1 = 398 /K R 11 5% K RN O Tl A 5 ey [0 1o P AR 3 2% 41, 2021, 32 (11)
3961-3968.

CHENJ S, SUN W H, WANG G S, et al. Effects of different nitrogen application rates on soil water stable aggregates and N,O emission in
winter wheat field[J]. Chinese Journal of Applied Ecology, 2021,32 ( 11) : 3961-3968.

RAL, BEAh, EAE AR, 5F . AR A RIS AT 34 T o X A X e AT SR AR WL BT B R P A2 i) (D). 0 JH A 2524, 2021, 32 (2) -
564-570.

SONG J, HUANG J, GAO J S, et al. Effects of green manure planted in winter and straw returning on soil aggregates and organic matter
functional groups in double cropping rice area[J]. Chinese Journal of Applied Ecology, 2021,32 (2) : 564-570.

AR, I, AR, . SRS ECHE X S P 2R A A WL A 152 L9 e O AR, 2021, 15 (19) = 11-13+21.

FENG Y, WEN X L, SHI W H, et al. Effect of combined application of green manure and chemical fertilizer on soil aggregate and organic
carbon distribution [J]. South China Agriculture, 2021, 15 (19) : 11-13+21.

ELLIOTT E T. Aggregate structure and carbon, nitrogen, and phosphorus in native and cultivated soils[J]. Soil Science Society of America
Journal, 1986, 50 (3) :627-633.

PRI, 2V, BRI R AL X 4 A LB A R R TE AR R b A i 52 i (] vp R ARL 42, 2005, 38 (19) = 1841-1848.
SUN T C, LI S Q, SHAO M G. Effects of long-term fertilization on distribution of organic matters and nitrogen in cinnamon soil
aggregates[J]. Scientia Agricultura Sinica, 2005, 38 (9) : 1841-1848.

5 A2, XS, T, A =T IO e i A L 0T AL X /NI WA BE (7] 3322, 2009, 29 (5) : 773-778.

DOUJ X, LIU J S, WANG Y, et al. Effects of amendment C/N ratio on soil organic carbon mineralization of meadow marshes in Sanjiang
plain[J]. Scientia Geographica Sinica, 2009, 29 (5) : 773-778.


https://doi.org/10.15889/j.issn.1002-1302.2015.05.102
https://doi.org/10.16035/j.issn.1001-7283.2018.01.020
https://doi.org/10.16035/j.issn.1001-7283.2018.01.020
https://doi.org/10.11838/sfsc.1673-6257.19490
https://doi.org/10.11838/sfsc.1673-6257.19490
https://doi.org/10.15889/j.issn.1002-1302.2021.16.011
https://doi.org/10.15889/j.issn.1002-1302.2021.16.011
https://doi.org/10.11975/j.issn.1002-6819.2020.16.008
https://doi.org/10.11975/j.issn.1002-6819.2020.16.008
https://doi.org/10.7606/j.issn.1000-7601.2021.04.19
https://doi.org/10.7606/j.issn.1000-7601.2021.04.19
https://doi.org/10.1016/j.geoderma.2016.05.011
https://doi.org/10.1016/S0038-0717(98)00143-6
https://doi.org/10.1016/S0038-0717(98)00143-6
https://doi.org/10.2136/sssaj2004.1360
https://doi.org/10.13287/j.1001-9332.202102.023
https://doi.org/10.13287/j.1001-9332.202102.023
https://doi.org/10.19415/j.cnki.1673-890x.2021.19.003
https://doi.org/10.19415/j.cnki.1673-890x.2021.19.003
https://doi.org/10.2136/sssaj1986.03615995005000030017x
https://doi.org/10.2136/sssaj1986.03615995005000030017x
https://doi.org/10.3321/j.issn:0578-1752.2005.09.019
https://doi.org/10.3321/j.issn:0578-1752.2005.09.019
https://doi.org/10.13249/j.cnki.sgs.2009.05.015
https://doi.org/10.13249/j.cnki.sgs.2009.05.015
https://doi.org/10.15889/j.issn.1002-1302.2015.05.102
https://doi.org/10.16035/j.issn.1001-7283.2018.01.020
https://doi.org/10.16035/j.issn.1001-7283.2018.01.020
https://doi.org/10.11838/sfsc.1673-6257.19490
https://doi.org/10.11838/sfsc.1673-6257.19490
https://doi.org/10.15889/j.issn.1002-1302.2021.16.011
https://doi.org/10.15889/j.issn.1002-1302.2021.16.011
https://doi.org/10.11975/j.issn.1002-6819.2020.16.008
https://doi.org/10.11975/j.issn.1002-6819.2020.16.008
https://doi.org/10.7606/j.issn.1000-7601.2021.04.19
https://doi.org/10.7606/j.issn.1000-7601.2021.04.19
https://doi.org/10.1016/j.geoderma.2016.05.011
https://doi.org/10.1016/S0038-0717(98)00143-6
https://doi.org/10.1016/S0038-0717(98)00143-6
https://doi.org/10.2136/sssaj2004.1360
https://doi.org/10.13287/j.1001-9332.202102.023
https://doi.org/10.13287/j.1001-9332.202102.023
https://doi.org/10.19415/j.cnki.1673-890x.2021.19.003
https://doi.org/10.19415/j.cnki.1673-890x.2021.19.003
https://doi.org/10.2136/sssaj1986.03615995005000030017x
https://doi.org/10.2136/sssaj1986.03615995005000030017x
https://doi.org/10.3321/j.issn:0578-1752.2005.09.019
https://doi.org/10.3321/j.issn:0578-1752.2005.09.019
https://doi.org/10.13249/j.cnki.sgs.2009.05.015
https://doi.org/10.13249/j.cnki.sgs.2009.05.015

	0 引　言
	1 材料与方法
	1.1 试验区概况和试验材料
	1.2 试验设计
	1.3 测定项目及方法
	1.4 数据统计

	2 结果与分析
	2.1 土壤团聚体及其稳定性变化
	2.2 土壤团聚体有机碳含量变化
	2.3 土壤团聚体稳定性与团聚体组分及有机碳含量的相互关系

	3 讨　论
	3.1 紫云英替代化学氮肥对土壤团聚体稳定性的影响
	3.2 紫云英替代化学氮肥对土壤团聚体有机碳分布的影响

	4 结　论
	参考文献

