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Abstract: The partial replacement of chemical nitrogen fertilizers with green manure can improve crop yields and soil
physical properties. A two-factor split-plot field experiment with maize and hairy vetch was conducted from 2020 to
2022. The main treatment was the cultivation mode before maize planting [ winter fallow field (FF) and total return
of hairy vetch planted in the winter fallow field (HV) ] and the sub-treatment was the nitrogen application level [0 kg*
ha ' (0%N), 135.0 kg-ha ' (50%N), 270.0 kg-ha ' (100%N) ] to maize as the following crop. The soil physical
properties were determined by measuring soil aggregate composition and distribution, mean weight diameter
(MWD) and geometric mean diameter (GMD) of aggregates, percentage of aggregate destruction (PAD) , soil
erodibility factor (K), soil bulk density (BD), total porosity (TP), capillary porosity (CP), non-capillary porosity
(NCP) , maximum water holding capacity (MWHC) , capillary water holding capacity (CWHC) , non-capillary
water holding capacity (NCWHC) , soil organic carbon (SOC) content, and aggregate-associated organic carbon
(AOC) content in the 0— 10 cm and 10— 20 cm soil horizons. Maize yield was also determined. The results showed
that, compared with FF, HV significantly increased the proportion of macroaggregates (R, ;) in the 0— 10 cm and
10— 20 cm soil horizons by 8. 95% and 13.13%, MWD by 40. 84% and 62.87% , GMD by 30.57% and 51.68%,
TP by 5.89% and 5.02%, CP by 1.47% and 0.76%, NCP by 4.42% and 4.25%, MWHC by 15.01% and
13.11%, CWHC by 6.41% and 3.32%, NCWHC by 27.08% and 27.86%, and SOC content by 7.29% and
7.10%, respectively; and significantly reduced PAD by 8.83% and 12.14% , K by 20.79% and 30.73% , and BD
by 5.99% and 7.31%, respectively. The AOC content of each particle size fraction in each soil layer and maize
yield were significantly higher in HV than in FF. The nitrogen application level had significant or extremely
significant impacts on the AOC content of each particle size fraction in each soil layer, R, ,;, and other soil physical
indexes and maize yield. The following indexes were not significantly different between the FF100%N and
HV50%N treatments: SOC content, AOC contents of the =5 mm fraction of the 0 — 10 ¢m and 10— 20 cm soil
horizons, AOC content of the 0. 50— 1. 00 mm fraction of the 0 — 10 ¢m soil horizon, the BD, TP, CP, NCP,
MWD, CWHC, NCWHC of the 10— 20 cm soil horizon, and maize yield. However, the following indexes were
higher in the HV50% N treatment than in the FF100%N treatment: AOC contents of the 2. 00—5. 00 mm, 1. 00—
2.00 mm, 0.25—0.50 mm, and <C0. 25 mm fractions of the 0— 10 ¢cm and 10— 20 cm soil horizon, AOC content of
the 0. 50— 1. 00 mm fraction of the 10— 20 c¢m soil horizon, the R, ,;, MWD, and GMD of the 0— 10 ¢cm and 10— 20
cm soil horizons, and the TP, NCP, MWHC, and NCWHC of the 0— 10 ¢cm horizon. The PAD and K of the 0—
10 cm and 10— 20 cm soil horizons and the BD of the 0 — 10 c¢m soil horizon were significantly lower in HV50%N
than in FF100%N. There were significant or extremely significant correlations between the AOC content of each
particle size fraction and SOC content; the content of each particle size fraction and the AOC content; soil physical
property indexes and the content of each particle size fraction; and maize yield and soil physical property indexes.
The increased SOC content after returning green manure laid the foundation for improved aggregate structure,
enhancing soil erosion resistance and WHC. The addition of nitrogen and organic carbon derived from green manure
improved the soil” s physical properties. The use of green manure achieved the aims of reducing chemical nitrogen

inputs and increasing yield.
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I T 2020 4F 8 A 78 T 426 Hb T 7K U < X 38k A% T07 I 2 A4 AR} 2% B 52 102 4 ol A9F 5 9T 465 7K 7 T8 N 3t 56
(114°47" E,37°44" N, WG4 21 m) JF e o 350 X @ TR H7 Rl 2 U068, 48 7 B30 13, 6 °C L 4R Y Bk &
545.9 mm. Bl FE GEH0 T 7K I 3 DA /N 22 281 DR SR W 9 S0 L 12 X Al G R A AR B AN — HL R OK
—AEPAE R R R A - FE R RO L K 4 IR B TR A6 1, 0~20 em 2 4 8 56 AR B Ak P R
W1,
1.2 X%t

IR AH W ER X, 343 4 ] M (winter fallow fields, FF) & RN HFHEEME T 20 0
(total returning of hairy vetch being planted in winter fallow field , HV )2 Fh R 455 =X, #l &b B A £ K 59 34> EAE H
R, 230 AT EIE (ON) (50 % EAE (50 20 N) BT &L (100 %0 N) , He v MU &0 i o 270. 0 kg-hm %, FE4b
R 3RE A I/ X AN 6 m X 6 m=36 m”, ML X A HES . (R B T ok SR GEIE T T T 5 R
R B 958 R & I IR I AR AT REAE W) oK o B AR AT R K AT 4 AT S T R R BRAT R B R 90
kg-hm ?,2020,2021 4 3 ik ] 42 990 8 A 12 B .8 H 19 B, H4E 5 A 20 H R JHHLMOK #834 BT, if HEE 10~15
e, AR K )R AR AR TEE . KR BRATIE 4 0. 30 m < 0. 60 m, 2021, 2022 4F#E At ] x5 o 6 A 10H 6 A 9 H,
F& AT 50 0 ZUAE F1 4 SR AR AC (PO, : 180. 0 kg-hm * K,0:150. 0 kg+hm %) 4 Ji AL Fifi 5 M it A , % 4% 50 % A0 15
P — wR A B A AR KON TSR . O DR UE K B ZE R AT A/ XK 4 m®, 20212022 4F F K R
RS E 43550 9 H 26 H L9 H 28 H , EKAEFF T BUAERE R &t F—JFE H .

®1 0-20ecmtEHEERBUER
Table 1 Basic physical and chemical properties of the 0-20 cm depth soil

pH A HLIT s g 2 Bl e R
Organic matter Total N Total P Total K Alkali-hydrolyzable N Available P Available K
(g-kg ) (g-kg ") (g-kg ) (g-kg ) (mg-kg ") (mg-kg ") (mg-kg ")

8.07 19. 30 1.19 1.37 20.14 93.32 21.17 179.59

1.3 tHRELHME

20224E 9 A 28 H F KW , I FF . HV PIA> 40 B1F 7E £ 2K ON .50 %N, 100 %6 N ZUAE T 4 /K F- Bl 2b B /1y
X AT BAER A . /N X BEHLZE B3 A U T35 42 H 0~10 em  10~20 em 2 4R 4 1. 5 kg -3 T Al Joz 2 %}
£ T I0RE A 9 P R A AT ML AR 5 i [ 3R D0 SR 4 AR I E £ A (bulk density, BD) L fLEEE (total
porosity, TP) . B4 fLEE (capillary porosity, CP) 3E B4 FL B (non-capillary porosity, NCP)™,

128 N A SR Il 1 JEOIR 70 186 238 4o — 38 0 3000 i = 5 ALK (soil organic carbon, SOC) & &t . —#B4)
U M AR A R R I AR O 10~12 mm (9 b B, SR T v 0 34 0 0 %E > 5. 00 mm 2. 00~5. 00
mm, 1. 00~2. 00 mm 0. 50~1. 00 mm 0. 25~0. 50 mm ,<<0. 25 mm %5 6 /> i 4 [ -+ S HLAR AR E 1 A 3R A4 35 &t A1
KRR R o WO A5 ORE G K R M T SR A O R L T R B RO S D GE A% R AR AT 3R A TP i A B Bk
(aggregate organic carbon, AOC) & it .+ 5EA7 HLEk B 5t A AT SR AAAT BILAR 75 2t 359 SR FH 0 445 T 0 1 Jm ks 4 0 2
1.4 =R”F0E

K 5E A BT T BN X P R AT K B A R BT CT T B AR T KT R TR R ORI (O 35, 1l
ARG U ) J5d AR T 7 () B S AR K R 14 00 B A E K AT A A /NI I P
1.5 HBALEE M

F- 34 8 5 542 (mean weight diameter, MWD) JU{fF- 34 B 5 (geometric mean diameter, GMD) | Al AKX IR
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# (percentage of aggregate destruction, PAD) , 4 ] fi ¥k (soil erodibility K-factor, K )&% K Fa & P A 5 I e 1k
SHIT A B

MWDZE(W,.XX,.) (1)

DUW, X logX,)
GMD = exp| (2)

W
i=1
_ MRU. 25 Ru. 25
MRO.ZS

PAD(%) X 100 (3)

K=17.954X]0.0017 + 0. 0494 X exp| — 0.5 X (4)

lgGMD + 1. 675 ﬂ

0. 6986
Ao WL X0 0 D R A SRR ST T A3 (00 PR E AR (mm) 5 n R AR A 2 ZH B s MR 55 Ry 5 3 i
H=>0. 25 mm A HLBRRR A8 M 1A 5 1A G e K FRE P TR B E

K A+ B8 & K #F K & (maximum water-holding capacity, MWHC) | & 4 % 7K & (capillary water-holding
capacity, CWHC) .3 & & ##/K i (non capillary water-holding capacity, NCWHC ) %548 f5 £ 1iF + Rk PEfE 115
YAF WA

W=10000X P X h

Kb WRIRFKE (t-hm ?), PRARALBE (), h R+ Z)EE (m) .

> H Microsoft Excel 2010, Origin 2022 X {44 #F 17 84l 6 B S5 VE & o R SPSS 24. 0 #4781t o0 M R
FLSD ¥ BEAT AN ] 4 B ) E0 4 A9 W8 25 VEAG 56 (P=0. 05) .

2 HBREHGH

2.1 KAGHER RARARZTA

5 FF A, HV £ 0~10 em . 10~20 em +J2 R, 43 3 8 F 25 17 8.95% . 13. 13% (K 1) . HV 2L
T, 0~10 cm )2 R, 7E 50% N 100 %N b # [0] 22 5 A % fH 10~20 em 12 R, .25 5 B 3, R HV B0 T
R 50% A4 B FH AL 0~10 cm )2 Ry s, (H 1 F AR 10~20 cm £ 2 R, .o HV50% N AR FE 0~10 em + )2 R, . 88
FF100% N B F#E5 6. 74% s HVON K FF100 % N #2551, 03% , 22 A B % . HVON HV50% N &b ¥E 10~20 cm +
2R, B L FF100 %N & #4255 17 2. 65% .11, 21 %, i B HV 45 28 AE #2220 B8 3k it X+ 0~10 em . 10~20 em +
JZ KR R P R A S R U . HV50 % N AR B 0~10 em £ J2 5. 00 mm 0. 25~0. 50 mm 7K §4 ¥ [ 58 1A &
¥ 2% T FF100%N,2. 00~5. 00 mm . 1. 00~2. 00 mm 0. 50~1. 00 mm /K & 7 A Bk & 7 2% 5 8 3% ;10~20
em + J2 >5.00 mm. 2.00~5.00 mm. 1.00~2.00 mm, 0.25~0.50 mm K fa F Bk 5 BH 8 F w5 T
FF100%N,0.50~1.00 mm /KA Pk A R AK & &2 5 A8 B 3%, R HV B RE 9K 4 A& 50 %6 X 0~10 cm . 10~20
em )2 >>0. 25 mm R K FR P A R AR B i 0 AN RIS e
2.2 RARE MR RAKA T H AT

H5FF A, HV A 0~10 em . 10~20 em + )2 H R A& MWD 43 51 i 2 42 /5 17 0. 34.0. 54 mm, GMD 43 Jjl] i
FEHNT 0.08.0. 14 mm, PAD 435l i FREAL T 8.83% .12, 14 % , K 43 5l W Z FEAK T 0. 03.0. 04 (& 2) , B
HV #2AE I 1958 0~10 em . 10~20 em )2 A1 8 A 50 Fa 52 1, 32 71 L3 2 ph g

FF . HV FiF#E R T 0~10 em . 10~20 em + )2 MWD .GMD 4 B jiti 20 /K - 42 &5 1 2 2% 3 0, PAD K {85 0] &
FREAL . FEBT, 34 it &K F 4 B ] 0~10 em, 10~20 cm + 2 MWD . GMD 2 33 8 % , K, ON<
50%N<100%N. HV#RX T ,50%N 100 %N 4k 0~10 cm . 10~20 em £ /2 MWD . GMD £ i % & T ON 4b 21,
H 502N 100N £ HEE] 10~20 em + )2 GMD 22 55 . %, Hfh 22 R R B3 0 HV FF £ 50%N 100 %N &b
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Fig. 1 Changes in composition of soil water-stable aggregates
AN F NG 5B R [ — £ 2 R [ b B e 22 5 8 3% (P<<0.05) , T [Al . Different lowercase letters indicate significant differences among different

treatments in the same soil layer, the same below.

#0~10 cm,10~20 cm £ JZ PAD KA ¥ 8 ON B FEAR . HV AT, 100%N 4 2 0~10 em )2 PAD K{H 4%
50 %N R R B3 10~20 cm +J2 R B

5 FFI00%N Mt ,HV50% N (HVON b ¥ 0~10 cm £+ 2 MWD 2305 3 Ji1 T 0. 32.,0. 08 mm , GMD 43 51 3 Jin
T70.07.0.01 mm,PAD 4 5IFEA% T 6.82% .3. 45% , KAA4F B4 7 0. 022.0. 0045;10~20 cm 4 J2 £ MWD 4>
BB T 0.52.0.19 mm ,GMD 43 I8 /i 7 0. 13.0. 03 mm, PAD 43 JIFEAE 17 11. 41% .3. 78 % , KA/ B A% T
0.035.0.011, 2= 7 ¥ B 2% , Ui W HV B2 58 BH 1B A i ZUIE (980 50 %6 BT 80/ 0~10 cm  10~20 cm + )2 T HE R 5
PR T R R
2.3 EBEF LRE FARELTL

Ffk A5 X 0~10 cm ,10~20 em + )2 3 BD TP .CP NCP . MWHC .CWHC NCWHC $# i ¥ . 3% (% 2) .
S5 FFRB A AL, HV X 0~10 em + )2 BD F& 1K 5.99%, TP.CP . NCP 23 5| £ 5 5.89% . 1.47% . 4. 42%,
MWHC .CWHC NCWHC 4353 Jin 15. 01% 6. 41% .27. 08 % , 25 7 ¥y ik g 2 /K F- (P<<0. 01) ;10~20 cm 1 )2
BD FR&7.31%,TP.CP NCP 2 #£5 5.02% .0.76 % 4. 25% ,MWHC .CWHC .NCWHC 43 % fin 13. 11% .
3.32%.27.86% ,Hrfr ,CP .CWHC 2 5 33k i 2 MK (P<C0. 05) , HoAh ¥ 3k B i 2 PE7KF (P<<0.01) o ik
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Fig. 2 Changes in stability parameters of soil aggregates

=3

B2 *

S 0~10 em £ )2 BD ¥ mH B3, X 10~20 em 2 BD # 0 A B 3%, %F 0~10 em . 10~20 cm + )2 TP.CP.

,0~10 cm . 10~20 cm + 2 BD & FFE#a#, TP,

E I

*Ei

7K

=
R

R 24 2 i

=0
;

NCP MWHC .CWHC .NCWHC

LIIF =

SOESE:

~
7

CP . NCP MWHC ,CWHC .NCWHC



34 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 6

F2 EMEFMERAFI T EYWEERGZN
Table 2 Effects of hairy vetch and nitrogen rate on the soil physical properties

T2 MR A T HegE AL EELEE  AEEELRE I KRFK & EERKE EEERKE
Soil  Cropping b B Bulk density ~ Total porosity ~ Capillary po-  Non-capillary ~ Maximum water- Capillary water- ~ Non-capillary wa-

layer  pattern N treat- (grem ) (%) rosity porosity holding capacity  holding capacity  ter-holding capacity
ment (%) (%) (t-hm™?%) (t+hm™?%) (thm™?)
0~ HV 0%N 1.4340.0lc  40.0242.72bc 23.547+0.20c 16.4842.92b  400. 20£27. 20bc  235.4042.00c  164.80-+29. 20b
10 50%N 1.41+0.0lc  46.634+2.15a 24.26+0.09b 22.3742.07a 466.30+21.52a 242.60+0.90b  223.70+20. 70a
cm 100% N 1.4040.02c  48.86+0.89a  25.4340.87a 23.4240.60a 488.57+8.94a 254.33£8.65a  234.23+£6.05a
FF 0%N 1.52+0.0la  35.3042.33c  21.37%+0.76e 13.934+2.88b 353.00+23.30c 213.70+7.63e  139.30428.84b

50%N  1.5140.0la  40.38+0.92b  22.99+0.23d 17.3940.99b  403.80+9.23b  229.93+2.31d  173.87+9.8%
100%N  1.48+0.01b  42.15+0.93b  24.46+0.85ab 17.69+0.89b 421.474+9.31b  244.60+8.49ab 176.87+8. 94b

ANOVA
Cp ok Kok ok Hok Kok ok ok
N ok ok ok Kok ok ok ok
CPXN ns ns ns ns ns ns ns
10~ HV 0%N 1.5240.03ab 40.5241.65b 23.0140.42a 17.5142.07bc 405.20£16.46b  230.13+4.22a  175.07+£20. 67bc
20 50%N  1.4840.02b 43.39+1.39ab 24.27-40.92a 19.1341.15ab 433.93+13.90ab 242.67+9.23a  191.27+11.49ab
em 100%N  1.4440.05b  45.90+1.32a 23.9940.97a 21.90+2.23a 458.97+13.25a 239.93+9.68a  219.03+22. 32a
FF 0%N 1.614£0.10a  34.7540.92d 22.074+0.49b 12.684+1.01d 347.50£9.17d  220.73+£4.87b  126.77+10.07d
50%N  1.6040.0la 38.2241.35c 23.50£0.52a 14.7240.83c  382.20+13.49c  235.03+5.20a  147.17+8.3lc
100%N  1.58+0.09ab 41.794+1.40b 23.41+0.97a 18.39+0.45b 417.93+14.00b 234.07+9.72a  183.87+4.52b
ANOVA
Cp ok ok * Hok Kok * ok
N ns ok * ok ok * ok
CPXN ns ns ns ns ns ns ns

T #3878 P<C0. 05, *+3& 7R P<C0.01., CPFRRAEMIR, NFRRHE AL . CP XN FRR AR 5 6 2L #52 AR . REV/NG 8RR A [AL
M) 22 57 2 3% (P<<0.05) . Tl

Note: * means P<C0.05, ** means P<<0.01. CP means cropping pattern, N means nitrogen application rate, CPX N means the interaction effect
between cropping pattern and nitrogen application rate. Different lowercase letters indicate significant differences among different treatments. The same

below.

5 FF100%N At , HV50 %N . HVON &b # 0~10 cm + )2 BD 43 5 F R T 0.07.0.05 g-em *, 2 F ¥ W & ;
TP IS T 4.48% . —2.13% ,NCP /3 Bl % 7 4. 68% . —1.21 %, Hih ,HV50 % N 43 TP NCP 42 5 3%,
HVON &b B = 3 25 {6 R B3 & 5 CP 40 B B IR T 0.20% ,0. 92% , H o HVS50% N F R BT &, HVON T [ i 3% .
HV50%N HVON &b # 10~20 cm 42 BD # FF100% N 435 FF& T 0.10.0.06 g=cm *, TP 43 54 85 7 1. 60% |
—1.27% ,CP 4yl 1 0.86% . —0.40% NCP 43 5l $& & 17 0. 742 . —0.88% , AL H AW B . 5 FF100%N
A, HV50% N . HVON 4k B 0~10 ¢cm ,10~20 cm + )2 MWHC .CWHC . NCWHC ZEfL 55 4FE 5 TP .CP \NCP #
Al , R W HV BT, & B AR W E MK 0~10 eom + 2 R R &, W B4R 5 0~10 em -2 H B FLBE AR BE
FLBR B Mo dme KFK i AEEE Rk
2.4 EBEANHEELSETENR

HV B30 8 0 48 & A WL S ( 3) . 5 FF A, HV AL 0~10 em . 10~20 em 4 )2 SOC 7% #4341
WERIN T 0.87.0.76 g-kg 'c HVEIX T, 50 %N ALHE 0~10 cm . 10~20 em 4 )22 SOC & 54351 H 100 % N 3 fin
70.12.0.15 g kg ;FFHEEAF 50 % N AL B 43503 /0 17 0. 28, —0. 27 g-kg ', BRI AT 50% N 4 # 0~10 cm |
10~20 em 1 J2 SOC & ## 100 %N 28 AL ¥R B3 (P>>0.05) . HV & F ,ON 4 # 0~10 cm + 2 SOC & & 5
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Fig. 3 Changes in soil organic carbon

2.5 LRARBHARKANKELSZLL

0~10 em )2 AOC & # ¥ F 10~20 em +)2 (£ 3) . 0~10 cm . 10~20 ecm )2 >>0. 25 mm # % K2 AOC
TR T<0.25 mm WA Ri&, 5FFAMHE,HVE X 0~10 cm +/2>5.00 mm 2. 00~5. 00 mm 1. 00~2. 00
mm 0. 50~1. 00 mm 0. 25~0. 50 mm,<<0. 25 mm K R K AOC & & 73 H 42 & 17 0.60.2.26.3.02.0.91.1.40,
1.10 g-kg ', 10~20 cm + )2 B4 %5 17 0.48.2.42.2.17.1.38.1.66 1. 19 g-kg ', Z 5 ¥ B ¥ , £ HV B X fE
W] 4275 0~10 cm ,10~20 em + 2 &K% AOC &4,

Jiti K% 0~10 em . 10~20 em £ 24 i fe AOC & it 445 ) i 5% i (P<<0.01) . FF HV FiFP T &
KL AOC & 2 Hy Bl it 2K P $2 s mi s om . HV 2R, BR<<0. 25 mm B R RSk, 50 %N #1100 % N &b B 5] 0~10
em 2 HAB & RAR AOC & 5 22 57 A W3 (P=>0.05) , & Bl i A AN B 35 42/ HV BT 0~10 em £ 2>
0. 25 mm £ R 12 A RARA HLAR & it FEAF ,ON50%N 100 % N4 # 0~10 cm + 2 >>0. 25 mm £k 12 AOC
FREEFYEF(P<0.05) ., HVH A F,50% N, 100%N 4k B 10~20 cm + )2 >5.00 mm, 2. 00~5. 00 mm ,
1.00~2. 00 mm A & AOC & £ ¥ 8 % & T ON, il 50 %N 100 % N 4b H &) 22 5 AR B & ; ON 50 %N . 100 % N 4b
0. 25 mm bR HI AR AOC F it 22 R % . FFAAT ,0N.50%N . 100% N 4k # i1 10~20 cm +JZ<20. 25
mm A R AOC & 5 25 A 8 5 BR 0. 50~1. 00 mm R £2 40, 50%N 100 % N Ab B =>0. 25 mm [ #5 k42 AOC %
YR EE T ON;50%N 100 %N 4 >5 mm 0. 50~1. 00 mm A & AOC & #2558 B3, Hiflh &% ki 48 25 5
ST 8

5 FF100% N A b, HV50 % N & 3 0~10 cm £ J2 2. 00~5. 00 mm 1. 00~2. 00 mm 0. 25~0. 50 mm ,<<0. 25
mm F B AOC & 43 513255 1 2. 02.2.08.0.96.0. 68 g-kg ', Z F ¥ B % ;>>5.00 mm 0. 50~1. 00 mm 2 F A~
B & s HVON 4 B 2. 00~5. 00 mm . 1. 00~2. 00 mm 0. 50~1. 00 mm 0. 25~0. 50 mm ,<<0. 25 mm A R & AOC &
AR . HV50%N Ak 3 10~20 em + )2 2. 00~5.00 mm ., 1. 00~2. 00 mm 0. 50~1. 00 mm . 0. 25~0. 50
mm , <<0. 25 mm K F & AOC & & 43 % FF100%N 4 /& T 2.42.1.76.0.99.1.02.0.87 g-kg ', Z R ¥ &
% ,>5.00mm Z A E . BRONAHE 10~20 em £ )2 >>5. 00 mm F R & AOC & & & & /N T FF100 %N 4b 2
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Table 3 Effects of hair vetch and nitrogen application rate on the organic carbon contents of water-stability aggregates (g-kg™)

+)2 PR it S8 K 7 =>5.00 mm 2.00~5.00mm 1.00~2.00mm 0.50~1.00mm 0.25~0.50mm  <<0.25mm
Soil layer  Cropping pattern N rate

0~10 cm HV 0%N 13.85=40. 22¢ 17.09=20. 72b 18.7540.45b  17.13£0.48ab  15.35+0. 10b

©

.1920. 31c
50%N 14.4740.26ab ~ 18.9840. 39a 19.8340.24a  17.61£0.85ab  16.40+£0.19a  9.8540. 16b

100% N 14.87+0. 24a 19.01=%0.42a 19.9140.62a  17.89+0. 46a 16.4240.17a  10.184=0. 08a

FF 0%N 13.34+0. 15d 15.2440.17c 15.2640.52d  15.21£0. 26¢ 13.8740.12d  7.99-+0. 53d
50%N 13.8340. 19¢ 16. 08=0. 40b 16.4340.33c  16.84+0.22b 14.6520.38¢  8.77=0.27cd

100%N  14.23+0.03b 16.9840. 23b 17.7540.60b  17.85-+0.57a 15.4440.22b  9.16=+0. 06¢

ANOVA
CP ok ok ok ok ok ok
N *k ok ok *k ok ok
CPXN ns ns ns * * ns
10~20 cm HV 0%N 12.424-0. 26b 14.14=+0.18b 15.7140.26b  14.54+0. 34d 14.04=%0.10c  7.96=0. 30c
50%N 13.37+0.41a 16.46+1. 04a 16.9140.30a  16.3240.60b 15.0840.38b  8.500. 10b
100%N  13.69+0.77a 16.99=20.92a 17.4340.47a  17.69£0. 39a 15.9340.3%9a  9.1440. 28a
FF 0%N 11.8140. 23¢ 12.7040. 53d 13.8840.27d  14.40£0.67d 12.6340.22¢  7.18+£0.40d
50%N 12.7840.18ab  13.59=0. 16¢ 14.5240.09¢  14.69£0.62cd  13.36+0.12d  7.2140.41d
100%N  13.45+0.23a 14.0440. 16b 15.1540.31b  15.32=£0. 16¢ 14.0640.29¢  7.63+0. 27cd
ANOVA
CP * ok ok ok ok ok
N *k ok *x *k *k *x
CPXN ns ns ns * ns ns

Gh, HAb AR AR AR AR I . B HV B2 AE Rk Ak & 50 % % 0~10 em . 10~20 em + 24K 48 AOC 5 42 (1 A H)
S, L 2 AT SRR AR it 2B 3 A4 B > 5. 00 mm AR A A5 AR AOC 2 8 19 W AR 3505

i B 4 AT %1, 0~10 em . 10~20 em + 2 & KL AOC % i 5 SOC & it 35 S 4 b 35 42 M 1E AH G, R4 7 SOC
AR TR E 0~10 cm  10~20 em + 2450 % + HEKFEE T AOC & i,
2.6 EARHHESZLNL

M &5 AT HV 5 FF i 353%™ 807. 71 kg-hm *, 3R HV BIxURE 0] 42 = £ oK™= it . HV FF IR
B it K- 4 L B R R RN . FFELUT, 100 %N 435 H 50 %N L ON & 3% 1 7™ 3165. 34.2379. 26
kg-hm *, 15 B 4 PR FH AR 30T 45 R it 207K SF B R 35 08 hn Rk S B . HV BEEUR , ON AR 3 T oK 7 8 [E 100 %0 N &A%
2317.25kg-hm *, 22 % B & ;50 %N H 100 %N [#{K 67. 18 kg-hm *, 2 H A @& LW B E 78 AT &
it R R B i . HVS50 %N A FEAE FF100 %N #7218, 20 kg-hm ™%, 22 5 AN B &, R B HV 45 =X 58 F I 4
50 %% BT 3 Y T oK 7 B AR
2.7 AXE5wmPEHH

=0. 25 mm Y 457 18 K B T T 3R R B B RO B (R, L) 5 P B A AL o B3 5 W s B R A
X%, <C0. 25 mm By K FRUE M A R IR i (ry L) 5 RIRE ML & = 2R B E R A K. 0~10 cm  10~20 cm + 2
MWD .GMD 5 >0. 25 mm ) 5 K742 /K B 5 1 A 3 A 35 ik 38 S A B 38 EAH G, 1T PAD VK U 55 5 2 b 25 £ A
Ko 0~10 cm . 10~20 cm +JZ2 MWD .GMD 5 Ry o, 4 2 W3 IEA O, 5 1, o 2R & fUAHSC, 1 PAD K 5
MWD GMD 2 M s L A . 0~10 cm ,10~20 cm + 2 BD 5 0. 25 mm A9 45 R 42 K R 1 A SR A 55 i B B
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Fig. 4 Correlation between organic carbon contents of each size of water-stable aggregates and soil carbon contents
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Fig. 6 Correlation analysis of various indicators
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aggregates;0.25~0.50 mm:0.25~0.50 mm i 4% (1 7K Ba 1 AR 437 it Percentage of 0.25—0.50 mm water-stable aggregates; r0.25:<20.25 mm %l
T2 (7K Bt 1 B A4 77 43 4% i Percentage of <C0.25 mm water-stable aggregates; R0.25:>>0.25 mm KL 42 (1 7K Fa P [ 5 4K 15 43 &% i Percentage of =>0.25
mm water-stable aggregates; MWD : ¥ T it [ £ Mean weight diameter; GMD: JL{i ¥ # & Geometric mean diameter; PAD: [ % {& i 3K %
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water-holding capacity ; NCWHC : 3E & 45 £ /K fit Non-capillary water-holding capacity ; =>5.00 mm OCC : >>5.00 mm K742 ) 7K Fatk A1 2 (R A5 Bl e & it
Organic carbon contents of >>5.00 mm water-stable aggregates; 2.00~5.00 mm OCC :2.00~5.00 mm i 4% (1) 7K £ 1 71 2 & 45 HL#% & & Organic carbon
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®4 EXFE50~10cm.10~20cm T EHIEMEERIEFEHBEHE

Table 4 Fitted equations between maize yield and soil physical indexes of 0—10 cm and 10-20 cm soil layers

LA AR T b O—10em 10=20em

Soil physical indexes 14 75 2 Fitted equations R* U4 J7 #2 Fitted equations R*
3R 147 2 i AR MWD y=4537. 8x+4317.2 0. 489%x* y=2745. 3r+5756. 2 0. 422%*
R AL 24 E 4% GMD y=195402+3138. 4 0. 524 y=106952+5317. 2 0.451%*
P B4 IR 2% PAD y=—166. 8+ 19244 0. 420%* y=—128. 392416537 0. 504%*
AT Bl KA K y=—58001x+15772 0. 569%* y=—239789x+ 13205 0. 494+
+ATEBD y=—134092+ 28402 0. 244+ y=—"7377. 9x+20211 0.208
AL TP y=226. 232x—693. 65 0. 674%* y=272.91x—2265.9 0. 622%*
EHEILBE CP y=776.03r—9514. 9 0. 649%* y=991. 62— 14321 0. 516%*
IEBEFLBE NCP y=266.582+3914. 4 0. 571 y=286. 22:+3882. 2 0. 504%*
MR KK E MWHC y=22.6232—693. 65 0. 674 y=27.291x—2265.9 0. 622%*
BAF Rk it CWHC y=T77.603x—9514.9 0. 649%* y=99. 160— 14321 0.516%*
EEERKENCWHC y=26.658x+3914.4 0. 571%x* y=28. 622x+3882. 2 0. 504

MWD: Mean weight diameter. GMD: Geometric mean diameter. PAD: Percentage of aggregate destruction. K: Soil erodibility factor. BD: Soil bulk
density. TP: Total porosity. CP: Capillary porosity. NCP: Non-capillary porosity. MWHC: Maximum water holding capacity. CWHC: Capillary
water holding capacity. NCWHC: Non-capillary water holding capacity.

£ PRt 20 I P  e AR FE A PR AR R AR AR A s M A BB AR Tl o R e SO T A R
IS+ e Lo fb B R AL E + 3 AT SR Ak o PR R A LR 1) s A7 RE ) L 40 TR S 5 B kT A BLRR T b Y
SO 5 L /AN A G o LR IS B R O R R v AR K A B R AR AIK g pH(E I HE R A K R v R /4
PR B AR 1 G MLAR O A R R o s R A R S AR R T B A A o o il BN AU 2 BT R B
PR /A0 TA T B R R A MR L R T RS R AL, ARRFSE R HV BT ZUE B 5076 AN £ 3 PR AL
0~10 cm +J2 Ry o AR B EREAL T 10~20 cm £J2 R, 0 X ATRERH R B F C/NAK, i H /5 G 148 i, — Iy
3 TR A 3k AR B0 - AT LA 7, B 2 B A (A HIL IR 4 A S B A A 1) K T SR AR AR, S — T
WAk a3 A2 RE R R SR 4y, B e UM B M IR U 50 %6 Ji5 BT S B A A pHL (B R IR BT 5 1R Y L/ 40
R R B, A R T B AR A HLAR ™ b 3, (2 F + I A R Ak, BB T LA BH R R <<15 em, B PF
0~10 cm + 2 ANBEA 24 5 10~20 em + )2 50 HLAK & &t [A s 0 50 %6 J5 + 38 pH (B B AR5 | & 2178 / 40 78
TR I+ Hea AL 1k, S B R RAR AR, 10~20 em 2 R, L, B PR, A =S, MR R
AR AL, 2 35 IR R B i 35 1 340 BB S — 8 2 0 6 A B O30 R0 G [0 o 3 88 R - BBV VR

SRNE L A A B A Bh T A AR i R R AR AR . ARG, B TR S BRI 50 %0 BE B
i #E 0~10 em  10~20 cm 4 J2 3 A 544 1) R AT SR A 3 728, Hovp, 8 35 3% 0 17 0~10 em 42 )2 >5. 00 mm | 0. 25~
0.50 mm J% 10~20 cm £ J2>>5. 00 mm 2. 00~5. 00 mm 1. 00~2. 00 mm 0. 25~0. 50 mm A [F] $7 12 7K £ 14 H1 5
R X RE S B M A LIERUEYE R TR T 2R B0 G HUBE S ), 3w T 3 Bl & A G
T3 AR A YA R T & A B8 5 Ak A 5 T i R kA HLAR AR 5 A e g A e v A R R R — A K
(52 et B L AT g0 A HEAT 248, BRI, B 25 3 43 2 A Ak 2% UNE X 4 38 141 2R Ak 19 52 i AL i 5 5 4 — 26 1
G
3.2 At E T Aok ROKF AT RIRAR R A K ¥R

MWD . GMD 43 1] J B T - 38 A1 5 4 (4 J5 R 0 RORE A% 43 A 0, A R AR BE IR 3R (PAD) 2 B T 141 38 44 22 188 i
Je - HEWE R LR, £ 3R] Pl KA R e T R R R R R R AR SE R B B AR O SR IE H AR
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#2755 0~10 cm ,10~20 cm £ /2 MWD .GMD, & 2 [ ik PAD KA . 5K 00 Mk by, i 22 FhoAs 4010 )5 + 4
MWD .GMD 42 &% PAD KA T B35 5 H 5K Rtk K RIKA G AP d, £ MWD .GMD 5>0. 25
mm [ 2R P SR AR O ik S R B S IE A OG  PAD K S A 2 BORH OG> 0. 25 mm 9 45 R AR
R AA S B N R S A SRR BL i 4 5 3 (P<<0. 05) Bk i 3 (P<<0. 01) IEAH G, ARl Ri A2 + HE A
RARA DR & 5 A PR & 2 B (P<<0. 01) IEMI 56, ifi B 25 738 1 fig @ 3% #2755 0~10 cm . 10~20
em + )2 - BEA HLER & i, R, 4 PR AR B i3 7 O OA FBE D R o P SRR R L B - R e )
HHEE R FRE L EALR S & i LA VU AW B, HV50%N HVON 4 # 0~10 em . 10~20 cm 1
AR RAMWD . GMD # 1 % & T FF100% N, PAD K8 ¥ i A% T FF100 6N, 5 W] 6 it 35 346 H 5 — Jy 1 i
1o B AL 2= EUIE T A - A LT bS8, 55—y T 3 Ao G A R T R A LR, o A R TR
HEK AR A A SR A, 15 - 2 R E M PR B
3.3 £ BB FAERAKRFNLELS T LRE FRKEG®

A LB R TR S e e BIR T A b T B AR AR AR R A
JIES 988 3 T AT 2 g - A LIS g, 38 PR SR AR HLBE 25 W o, A1 1 PRDRL 5 R O 8, 389 n - S L B B0, IR -
LA ERKAE . TS R, Fh A W #F (Sesbania cannabina) BE i 3 AR - E A T 4. 08 %, #2
e B FLBRBE 5. 08 %6 , B0t Eh it H I R AR . BB R MR R B, B E T M R F AR 11. 97 %
T ALBR BB 13,8300 DA b, Bk R i 164, 440 DL F . ARWFSE R HV B AR B3 FEAIK 0~10 cm . 10~20 cm
TR RMERE R AL B AL AR B ILEE R Rk B RK R AR B RK R, s
ek 2 g B S BGEIRE IR ST A5 R R . AT R, A AL R K
W5 A LR S R B IR RS AR T A R R, 0~10 em .\ 10~20 em + )2 + HEEALBRE (B
EALBRE AR BB E SRR K B ERK R AEBERK R 50, 25 mm (KR A R R OB R R
ol B S TE AR O T A T ) L W e R A O, >0, 25 mm A9 &R AR K R T AT SR A R R S
PR R A4 A AL 7 o 5 3 i Yl 3 WE A DG A R AR K R M A SRR A LR & B 5 - A DL B i B AR B OE
MG B, B0 T30 O 38 HURK 1 40 0 2 2 1F - 598 DR S5 44 T2 B L 508 -+ 4 B M IR 0 A, X 4 v AR
Je R 7K I 3 DOl A e A5 i AR e P R ISR e ) B R RGO BT R AR ) SRR B A
A RRSE R R A R X

HH TS R W] A FE AU AR W PR IR LA L S A H i AU S A MU G . AR S it AL
KPR 0~10 em + )2 HHEAE L HXF 10~20 em 4 )2 28 0 R B 0, 33 7T B8 -5 50 X SRV IR B 1 S 3k
ANETE 10~20 cm + 250 A B A0 AH G o SR A B RE SC I0AR HH 95 4y RMEA 3R, 2 8 H e r it . RICE W &
FROHCE TR AT LA A HLRR A, B S R . (R R AW R i e I
Ja  ACHE i 15 % BE 35 FR K L3 B el . B RSB K, 48 = 3 (Astragalus sinicus) it Jiti 80 %6 AL AE BE
HFRAR AT R LA ALBR A B LR . AR h, B R B S A it AR A s A 50 % ik
FEAR 0~10 em 4 2 R A T, W 3% 52 m AL B AE B FLBUE R KEK AR BE Rk & HX) 0~10 em -2
T HEEALE B RK K 10~20 em 2 5K ) B R HE BOY R B 3 T RE 5 R0 0 R A L 4R e
BB B e TR B AT
3.4 Bt T Aok FOK P L3R B RARH UK 5 6 # R

A BB JE 45 R - 398 AT SRR (3 5 ) 0T, A ML T 4 A SR v 1 5 B A R A AR 45 4 T L A
VR R A K RS G . 2RGSO SR I B S i IR R OA T RE B A LR
B4 hr 9 A B ARAT HURR A 75 B o AT 2598 5 2 M), B 4 A 5F T i 2 25 42 5 0~10 em . 10~20 em + )2 K Fa ik
R AT 3R A 0 B I SR ML 5 o, 3K 5 SR TS R - A LR 7% ik 3 R g A DG TR O 25 R SRR R T R R L
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fift 5 BETE LA 2 007 T 445 6 25 W B A BB, 9T LA BB 42 785 <<0. 25 mm K B PR AT SR M4 LA & i, S0 88 5 G iF
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