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Abstract: To study the effects of long—term different crop rotations and nitrogen application levels on soil fertility indices and
rice yield in Taihu basin, two factors of crop rotation (winter fallow-rice rotation, winter wheat-rice rotation, Chinese milk vetch-rice
rotation and broad bean-rice rotation) and nitrogen application level (0 kg/hm’, 120 kg/hm’®, 180 kg/hm*, 240 kg/hm’, 300
kg/hm* )were settled. The results showed that, compared with winter fallow mode, green manure crop rotation mode could maintain
soil pH, increase soil moisture and improve soil water-stable microaggregates content, while contents of soil nutrients and soil micro-
bial biomass nitrogen was also improved. Meanwhile, soil fertility level was influenced by fertilization level, and compared with green
manure crop rotation without nitrogen fertilizer, appropriate application of nitrogen fertilizer (120-240 kg/hm”) improved soil physical
structure, thus promoted contents of nutrients and microbial biomass nitrogen. Compared with winter fallow mode, rice yield increased
under the mode of successive green manure crop rotations, and rice yield was high under 120-180 kg/hm’ nitrogen applications. In

summary, green manure crop rotation mode effectively improved soil fertility, decreased the appropriate nitrogen application and sig-

nificantly increased rice yield. In consideration of balancing
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Table 1 Fertilization and crop rotation design
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1.1 s EiKeigit

RIS T Ak AR S R g E R B AR
SEWLAEFZE 5 N (123°38" E,31°33" N) , I3 T 2008 4F
6 H . X EHOA TR & & S+, 3R
JIE(2008 4F) HALPE T 40 F . pH 7.6, A HLIT % &
38.20 g/kg, &= A & & 2.17 g/kg, &0 & & 0.82
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mg/kg, HHA/KAE WA 46, BWE DT (IRIN-
IKFE IINEE KA KRG A SRR ) At K
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K AR (FR) F240 240 20 60
Z/NE(WR) W240 240 20 60 255 30 60
L£ZHE(CR) Co 0 20 60
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€180 180 20 60

€240 240 20 60

€300 300 20 60
A A& H (BR) BO 0 20 60

B120 120 20 60

B180 180 20 60

B240 240 20 60

B300 300 20 60
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1.2 AEEFERRESNE

2019 4F 11 H 3 HOKRFHHR G 0l kR )= +
BE(0~10 cm) FLEJZ A3 (10~20 em) Bl [/ —/)
DORAE 8 s, IRE R HERE S S8 MRS, 2 BRAEARAR
RUSNMIBRIG A A E4%, —0 50 7 B (] 5256
ik 20 F 5 I E #A RO R, — i TR g
Bt 20 H 100 Hf 5 T R EAE B E . K
et i il a4/ DORPRE XU BT T

B KA SR HTHE TR R - KRR A 2R
Ao SR R 07 05 o0 2 (O AL AL A2 23 51 o 0. 053
mm 0. 250 mm 0. 500 mm . 1. 000 mm 2. 000 mm) ,
pH SR LI %2 4 FH Metter Toledo FiveGo3 (7K
TFUR 2.5 0 1.0) , REEAPL(SOM) iR
HAERTRAF A IEIE , A (TN) & =R R R L
AL AE , 580 205 R BB T RO 7 |, B 25
A HASEH 2 mol/L KCI 42 7 43 31l A foe 1 5 L
A1 220 nm/275 nm S3EEEEREIE , 28 (TP)
SRR - EH B BT Lb (I8 AR (AP) &
TR Olsen VAN SE , SR (AK) 75 10 5R KOG
BEMGE . BARS R A2 a3 B i)t F
Y5 JAR (MWD) $2 BOT 90 AT

MWD:izilwixdi

2ef, o, £ 2 B2 98 1 9 2 £ 34
(0.053 mm §fi LA 0.053 mm 3,2 mm 55 L 2 mm
F2 AARMEEXTEQKEMTIBIHREEZHIM

), d ARTAR R ARS 0 ] AT SR A o o XL R 3
Frit i il (%) .

TIRBEY LY R (SMBN ) SR H] = S H e 2
ZE-RARTEI E Y - HEE YR R I R A
4 0.45, SMBN &% I LAF 2035 SMBN %
W= (R IR E Y R AR A IR RUEY)
WA /0. 45,

1.3 HUERQER S

K H Microsoft Excel 2016 /% RStudio Version 1.
2.5033 BRAFX R T o3 ANAR ] SR SPSS 21.0
AT I 2253 BT (ANOVA ) J 2% 57 8 35 PE K 55 ( Dun-
can’ s 7%, a=0.05), K H Origin 2017 ( OriginLab
Corporation ) & RStudio Version 1.2.5033 #1744,

2 ER 5550

21 ARABEAFXREREXNTESKENARE
FI 1% B R B R0

W 2 s, SEARRINEIRA L, o4k
P E A T RS KR (P<0.05), £k
(C240) fx LHEAERI (B240) i - HE R 2 &K &
Oy 12.9% | 5. 8% , ANFIFEAE Jr 6 - 480 2
FOKBRARIWEBZEEN, Ex5 & ORET AN
RACERT -3 FoK E AN &, A E SRR
Jith KX 4 i i EARR UL S

Table 2 Effects of different crop rotations on soil moisture and mean weight diameter

TR T
L(EVIEN TEAC K-
ki (%) SFE U B4R (mm) ki (%) SPE B B4R (mm)
FR F240 25.23+2.64B 0.34+0.04A 23.33+0.96A 0.38+0.03A
WR W240 26.18x1.77AB 0.32+0.03A 20.52+4.42A 0.41+0.03A
CR Co 27.79+1.21a 0.33+0.03a 22.65+2.33b 0.29+0.08a
C120 27.57+1.72a 0.32+0.01a 24.37+0.88b 0.36+0.07a
C180 28.26+2.18a 0.34+0.02a 25.31+1.84ab 0.37+0.01a
€240 28.49+1.68aA 0.30+0.04aA 23.30+1.48bA 0.36+0.04aA
€300 24.88+0.80b 0.36+0.05a 26.42+1.85a 0.37+0.04a
BR BO 29.37+£2.95a 0.29+0.02ab 25.16+0.66a 0.33+0.02a
B120 25.89+1.90a 0.33+0.01a 23.12+1.20ab 0.41+0.03a
B180 24.86+2.69a 0.34+0.03a 22.25+0.50b 0.37+0.09a
B240 26.69+1.10aAB 0.27+0.02bA 23.82+0.72abA 0.30+0.06aA
B300 26.24+1.44a 0.26+0.03b 24.13x1.17a 0.34+0.05a

RARITAAEACAL B IR 1, A NE)/NG PRACER AR RUKE TN 2257 8.3 (P<0.05) , A Ja) KRS RN [ 48 11 b B[] 7 76 2. 35 22 5+

(P<0.05),
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0.250 mm ) & & (A% 4.0% ~ 24. 8% , i 7K B4 1 141
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1128.0% ~ 31. 3% , i 7K R 1 okt AT SR 44k (i 4% 415 il
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Fig.1 Effects of different treatments on the contents of water stable aggregates with different diameters-from 0—10 cm soil layer
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Fig.2 Effects of different treatments on the contents of water stable aggregates with different diameters-from 10-20 cm soil layer
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(C240) e 48 AE (B240) ¥ 148 2 pH 71542 =
T 0.4 F0. 2, AN FEAE 7 A0 2 pH A 1
TR, B IERAE T A N 300 keg/hm’ B2
+3¢ pH 8.3 (P<0. 05) 1% Tt U 40~ 240 kg/hm’
AL R 7 S FEAE T AU 180 kg/hm’ B pH B 5l
T HoAt it U A B

FEASFEAEAL B it K F-[H) SOM 7 oK Ut 2
225 ML RKEM L, A FEEE T s ielE
fii 2 >4 )2 SOM &4 E 1. 2% ~20. 8% , it HL 58 1E
8 SOM & 325 0~ 14. 5% , T E#A/E T SOM & &
FEARGAFIRNEE(FR3),

23 AT LUE , S RIREAME L, Z2ofuiefE
Jra P TR TP A R R A
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0.05) , S5 fE T R 2 L5 AP & A3,
BARRFAALL, A LA R 22 e AE R AK 75
B T4.3%~16.8% 7. 4%~ 45. 8% , i %5 =
BAVER O AK SR W AR, b Ridife
FEBGUT AP AK & i 3RS 5, ik B2 i TR AR
X ABRER S | BN 3T 0 BTt

SNCAE AR I Bl it AR T R iR
g m BEAIEE EEAEN, EETERIET, il

R3 TEREERXITE pH B REBHR S BRI

UK & 35 R TP & f, 1 E it A fE R 180
kg/hm’ i, 22 58 AP & g o T H A AL H1 i
A N 120~ 240 kg/hm® Bf AK 2 & B 5 [ AK (P<
0.05), &G4/ T, B240 B300 A0 FH & w1
TP & & (P<0.05) , #2175 1710.7% ~ 12. 7% ; Jiti & &
41240 ~300 kg/hm’ i AP 5 i 4 5 (P<0.05) ,
Jiti 8 9 180~ 240 kg/hm® B AK 7 & 8% (P<
0.05)(%£3),

Table 3 Effects of different crop rotations on soil pH, organic matter (SOM) content, total phosphorus ( TP) content, available phosphorus

(AP) content and available potassium ( AK) content

T HEFR IR bR
Lz HEACAL 5 . THATHLR(SOM)  &BE(TP) FLE(AP) U (AK)
: it (¢/kg) Hit(g/kg) # it (mg/kg) Fit (mg/kg)
) ¥240 7.140.2B 38.30+3.61A 0.800.01B 13.87+4.16AB 71.3£3.98
W240 6.740.0C 40.28+1.12A 0.890.04A 18.55:4.51A 83.744.9A
co 7.3+0.2a 42.114.08a 0.900.05a 10.800.64b 92.0+5.9a
€120 7.4+03a 44.4623.63a 0.880.02a 10.900.30b 70.326.6b
C180 7.6:0.2a 40.8520.05a 0.880.01a 14.7521.14a 88.0+7.8a
€240 7.5:0.1aA 42.70+3.13aA 0.86:0.04aAB  9.66x1.46bB 70.744.0bB
€300 7.2:0.1a 38.775.09 0.830.06a 14.68+2.07a 97.3+7.4a
BO 7.120.2ab 38.85+1.04a 0.820.02b 10.98=1.11h 119.0£4.3a
B120 7.120.1ab 38.400.52 0.80:£0.04b 10.58+2.64b 116.728.4a
B180 6.9+0.2b 38.73:1.23a 0.79:0.02b 9.140.74b 91.0:4.9b
B240 73:024bAB  43.9242.69aA 0.91:£0.01aA 16.67+2.05aAB 83.3+1.2bA
B300 7.420.2a 39.92:4.36a 0.90+0.03a 13.2422.284b 1127452
R F240 7.4£0.2A 30.372.09AB 0.75:0.02B 9.06:+1.38A 63.3+3.3B
W240 7.3£0.2A 29.33:1.11B 0.800.01AB 14.043.68A 92.36.9A
co 7.7+0.2a 35.56:2.03a 0.830.07a 13.5420.48a 99.7+3.3a
C120 7.7+0.1a 36.68+2.55a 0.830.01a 15.5621.06a 66.3+2.6b
C180 7.9+0.1a 34.43:2.17a 0.82+0.01a 14.3321.44a 61.7+5.8b
€240 7.7+0.1aA 33.80+2.33aA 0.790.04aAB  12.4321.79abA 64.0+1.6bB
€300 7.3£0.2b 35.89+3.14a 0.820.06a 9.55+2.19h 63.325.7h
BO 7.5+0.1ab 33.18+3.40a 0.7920.05ab 10.3221.46be 96.3£6.5a
B120 7.540.2ab 30.75+0.39a 0.76:0.04D 8.55+1.25¢ 98.7+4.5a
B180 7.3:0.2b 30.38+1.34a 0.7420.04D 12.85:1.84ab 93.3+5.4a
B240 7.8£0.2aA 33.830.44aA 0.830.01abA  14.66x1.89aA 66.0+7.3bB
B300 7.9:0.1a 32.94+2.95 0.860.04a 15.072.24a 66.76.8b

JEAEALFEILER 1, ANF/NE FRAREA G E KT T A A 25 8.3 (P<0.05) , AFKE F R R AR AL #7776 1 3% 22 5 (P<0. 05) .

23 AAREFXRERENTERAS» RS E
= pA!

W 4 Fis B o P i G ERk - B R
7 4 TN FEJZE 3 AN 58 (P<0.05) , 5%
BRI, 5 = P58/ (C240) ff + 1 TN AN &

R T 18.3% ~21.0% .6.3% ~25.5% , %= &
%AF (B240) T TN, AN & & 70 5l 8¢ 5 1 15.7% ~
29.2% .7.9% ~12. 7% ,FE 22 e E AL BEXS £ 35 TN AN
KRIEEER, W, 5825 R & iR R RN
TR A SR (K3 FE 4)
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R4 FAERMEEATLESR(TN) RHEMBEE(AN) FEHZIE
Table 4 Effects of different crop rotations on soil total nitrogen (TN) and alkali-hydrolyzed nitrogen ( AN) contents

TR T Z
BT LAk
ARG (ykg)  WHAE R (mg/kg) ERTH (vke) B % i (mg/kg)
FR F240 2.19£0.02C 89.18+8.33A 1.91+0.05B 72.60£6.55B
WR W240 2.47+0.09BC 99.56+4.81A 1.90+0.13B 80.11+4.82AB
CR Co 2.69+0.19a 95.98+0.39a 2.20+0.18ab 68.89+9.83b
C120 2.77+0.18a 86.58+4.91ab 2.11+0.15b 67.47+6.18b
C180 2.72+0.08a 76.67+1.77¢c 2.24+0.12ab 66.29+4.06b
€240 2.65+0.15aAB 94.84+4.62aA 2.26+0.12abA 91.12+5.31aA
C300 2.36+0.27a 83.54+6.40bc 2.46+0.10a 71.24+7.13b
BR BO 2.29+0.19b 104.75+7.22a 2.01£0.17ab 78.33+£9.69a
B120 2.49+0.11ab 86.82+5.82¢ 2.10+0.13ab 77.44+7.05a
B180 2.60+0.19ab 88.24+1.77¢ 1.95+0.06ab 76.91+4.06a
B240 2.83+0.17aA 100.50+2.31abA 2.21+0.08aA 78.33+7.70aAB
B300 2.62+0.05ab 91.54+4.81bc 1.87+0.19b 78.80+5.21a

AR AL B W3R 1, RRVNG FRARFEARFIEAUK T T H N 257 W3 (P<0.05) , AFRKRE FRER R ARAE Jr 28 22 57 5 # (P<
0.05),
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Fig.3 Effects of different crop rotations on soil ammonium nitrogen and nitrate nitrogen contents of 0—10. 0 cm soil layer in paddy fields
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Fig.4 Effects of different crop rotations on soil ammonium nitrogen and nitrate nitrogen contents of 10. 1-20. 0 cm soil layer in paddy fields
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4 fR, 5 €O BO AR L, FLHE St A
SA RS T AR KPS RAEL P 4 TN
Ko AN S 7E AN 240 kg/hm? IR, 5 0~
240 kg/hm® it Z AL FEAH EE , it 05 300 kg/hm® if
IR R SRR, WA, iR & MR (P<0. 05)
TERWERAFTRIZE LI R AMES A &= (A
3), FIGEAET W Z 3R AR A K A A
Jiti A 300 kg/hm’ I 5 (P<0.05) (& 4)

24 AAREAFXREREXN TEREDED =
@ (SMBN) & EM =M

SRAESEAER A R T ARG R R R E R
R UMM T R RMAE AR R A S B, A6
AT i A K B SMBN & 5 s, 5
ZFRNAE AR L, 5 = 548 1E T 3R )2 1.5 SMBN
SRS T 54.7%(P<0.05) , &S5 /E T SMBN &
AR T 39. 7%~ 50. 4% (P<0.05) , F Z #E T
SMBN % f 4 1710. 2% ~26. 5%,

L RYAET LR A 0~240 kg/hm’ i )2
145 SMBN % &1 2 5 F C300 AbB it & &4 0~
180 kg/hm*f 7 JZ 3% SMBN & &8 W] i 25 T €240,
C300 4b ¥, & E R AIET, X2 L 5 B120 4 ¥
SMBN & & ey, )2 5% B240 4L # SMBN & & i
=
2.5 ERBSSH(PCA) EMG AR EA 56
Ab3E + BERR Kk

X 25 Ab P A R B b AR R T 3R
SARTCELS) 56 1 Bl 5 2 Bl o 0 R R 24 6%
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HeP 453 003k 6 R P s VR A b 4 T+
HEAE 17K m 0 e AE IR 1 HEY S C240>C120>
CO, 7 3 AE T AE J1HEF M B240>B0>B300,,

2.6 ARBIEFXFFERKFEIKB=EHFM

S RIERRARAE 14 6 A J 11 AR 383} 3 4R K
= s it , A e A O =R it 80K S X 7K e 7=

ISR (R 7). W LAE W, AR AR B Rl e L A
Vg E T KRR, 40k 11 AERAER, €240 FI
B240 AbFE R K R4 B3 77 20. 6% K 15. 5%, Fi%s
LRNEAEDEE AE AT FR 3G Jin, AR XT3 77 58 (45 b 37
PG ABRIN AL B R LLE) e, b g s
B O (O R Y =1
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Table 5 Effects of different crop rotations on soil microbial bio-

mass nitrogen content

TERZEMAEY LIEWRMAEY

fetegr HERE K- EYEATE EYRASE
(mg/kg) (mg/kg)
FR F240 58.29:+4.34B 49.27+6.12B
WR W240 64.24+2.86B 62.32+7.99AB
GMR
CR o 92.46+4.81a 68.62+3.79bc
€120 83.42+2.23ab  81.44x3.87a
C180 77.59£2.22bc  76.05+2.98ab
€240 90.17+8.29aA  48.75+5.96dB
€300 69.70+4.15¢ 63.12£1.55¢
BR BO 67.14+8.26b 67.76+8.69a
BI120 85.48+9.72a 63.88+6.73ah
B180 66.92:+4.29b 49.09+4.03h
B240 81.44+6.38abA  74.09+3.21aA
B300 84.38+3.12a 68.87+8.74a

FAEJr AOMM AR T I 1, /NG 7R QA e 1 )7 2 R 4L
N5 3 (P<0.05) , RAKE FRHAFAR R AE I 2 2 57 5 %
(P<0.05) .

& 7R LIEL, 5 Co BO AbFEAH L, i 0
Bl B3R T KRR R (P<0.05) . St Z4ERAEG,
CR 1 BR e /EBATF it Al 52 120~ 180 kg/hm’ B
TR = e 3 7 R g, it LR R 240 kg/hm? B AR X
7= R0 K 65. 0% M 34. 8%, Jiti A 120~ 180
ke/hm? I i £ & NE AR 4 348 A 3 EL A 4 v 1) 2B
RO il AT AN R 4 A B DX 4 7 it 2L
(205 ~240 kg/hm?) ">#)

3 17 i

ORI M DX A PRAIE R 7, Rl AR AL , R i et
i AR PG NE AR AR KR i TR AR AR
ISR s AR T R R T — RS AYER
BElla, R oA R AT Bonl KU fEIE Ui
i, B O B R A OK F FE
Pt sT 2 RBER AR R 2 E R F E K
SR TS P R A A
kR R AR T R R
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Fig.5 Principal component analysis (PCA) of soil physicochemical and biological properties in paddy soil under different crop rotation modes

#6 FELEERTRE T 6 ERA MBS RENEEHE

Table 6 The scores of top 6 PCA axes and the comprehensive rank of soil fertility under different crop rotations

NG i
AR ML LA
PC1 pPC2 PC3 PC4 PC5 PC6
FR F240 -2.37 1.09 -0.41 -0.81 0.82 -0.52 12
WR W240 -0.99 -0.75 0.55 -1.78 1.20 0.93 10
CR Cco 1.53 0.05 0.08 -0.24 -0.29 -0.91 3
C120 1.17 -0.07 -0.87 0.86 1.21 -0.26 2
C180 0.48 -0.03 -1.73 0.69 -0.46 0.50 7
€240 1.62 -0.50 -0.36 1.23 0.55 -0.12 1
C300 -1.45 1.00 -1.58 0.17 -0.44 0.70 11
BR BO -0.65 0.13 2.53 0.25 -0.58 0.59 5
B120 -0.88 0.13 0.48 0.87 -1.08 -0.44 9
B180 -1.69 0.57 0.81 0.81 0.67 -0.52 8
B240 2.01 -0.68 0.04 -1.63 0.12 0.15 4
B300 1.22 -0.94 0.46 -0.42 -1.73 -0.12 6

AE AR 1,

x=7

RIE1IE6ER 11 ETAETELL

Table 7 Variations of rice yield under successive crop rotations of one year, six years and eleven years

st AT 2009;%?(21’;1;5))7}(% 2014§isif(ef;6hi§))7k$ﬁ 2019;5%%({]3}1"?)) IKFE
FR F240 7 404.6£297.3A 8 239.8+1 415.6AB 7 346.0£917.1A
WR W240 7 213.7£950.9A 6 571.4+693.0B 8 031.8+1 094.2A
CR Co 6 692.1+598.9h 6 217.2+609.4b 5 366.2+524.5¢
C120 7 328.2+377.8ab 8 347.0+387.3a 7 629.4+360.6b
C180 7 875.3+182.6ab 8 693.2+£523.7a 8 733.2+520.6a
€240 7 608.1+£324.3abA 8 806.6+312.3aA 8 856.1+478.6aA
€300 7 671.8+383.0a 8 950.7+86.6a 9 007.5+525.1a
BR BO 7 213.7+£724.9a 6 475.4+93.5¢ 6 294.0+195.8b
BI120 7 659.0+242.1a 7 669.0+816.9b 8 574.0+£966.0a
B180 8 129.8+377.8a 9 487.6+468.4a 8 879.4+189.9a
B240 7 302.8+1 344.5aA 8 753.0+411.1abA 8 484.1+366.8aA
B300 7 112.0+1 283.5a 9 000.1+448.9a 9 001.0+854.1a

AR AAEACAL IR 1, AF/NG FRAURARRAE T T AN ZER L (P<0.05) , KRG PR RIS E T = 22 7 3% (P<0. 05) .
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