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Current Topsoil Fertility of Farmlands Under Different Planting Patterns

Xuanzhou District of South Anhui

WANG Angqi'?, YANG Ping’, ZHAO Yanzhou*, LI Xiansheng®, HE Xiaowei’, LI Wujin®, LI Hongguang®, XIAO Yansong®, ZHU
Qifa6, ZHANG Guo®, XUE Lin®, SONG Xiaodongl, LI Dechengl*

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Soil and Fertilizer Station of
Xuancheng City, Xuancheng, Anhui 242000, China; 4 Soil and Fertilizer Station of Xuanzhou District, Xuancheng, Anhui
242000, China; 5 Chenzhou Tobacco Company of Hunan Province, Chenzhou, Hunan 423000, China; 6 Wannan Tobacco
Co.Ltd., Xuancheng, Anhui 242000, China)

Abstract: In this study, 20 tobacco-rice fields, 20 single cropping rice fields, 22 Chinese medicinal materials fields, 20 double cropping

A Case Study of

rice fields, 20 rice-rape fields and 20 rice-wheat fields were selected in September 2018, pH, soil organic matter (SOM), available
phosphorus (AP) and rapid available potassium (RAK) of plough soil (0-20 cm) were analyzed, and then soil integrated fertility index
(IFT) was calculated based on these four indicators in order to recommend the suitable fertilization for improving soil fertility by
comparing the planting patterns. The results showed: 1) pH of tobacco-rice was the highest, and pH of Chinese medicinal materials was
significantly lower than those of other planting modes; SOM of double cropping rice was the highest, and SOM of Chinese medicinal
materials was significantly lower than those other patterns; AP of Chinese medicinal materials was significantly higher than those of the

other patterns, and single cropping rice was significantly lower than those of other patterns; RAK of Chinese medicinal materials and

OFEWH . WIr A MR G T S RHE I E #RRZ (2019) 45 5)% A,
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double cropping rice patterns were significantly higher than that of rice-rape patterns; IFI from high to low was double-crop rice (0.880)
> tobacco-rice rotation (0.821) > single-crop rice (0.817) > rice-wheat rotation (0.760) > Chinese medicinal materials (0.693) > rice-rape
rotation (0.645). 2) After comprehensive analysis and comparison of soil indicators, IFI values and net income, double-crop rice and
tobacco-rice models were recommended. 3) For suitable fertilization, rice-wheat, single cropping rice and rice-rape patterns should pay
attention to increasing the application of phosphorus, potassium and organic fertilizer appropriately; for tobacco-rice, 45% of the fields
should continue to apply alkaline materials to change acid, and 15% and 45% fields should be added with organic and potassium
fertilizers, 10% and 60% field should reduce organic fertilizer and phosphate and potassium fertilizer, and 15% and 45% fields should be

added with organic and potassium fertilizers, 10% and 60% field should reduce organic fertilizer and phosphate and potassium fertilizer.

Key words: Planting patterns; Soil properties; Soil fertility; Fertilization; Xuanzhou
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A A A A A RO T KR (AR
O = AR DO, e 7wk s bR A 2 1
K, MG m 2ok, HarREAWMERIE. B
R, RmAelE . REESeME . P2 OTHA . RTEE .
KAL)V ES RIR A PR 2 4 B 7 52 i
WALFAE2E S, (HIE A 1t B = g v i XA A ST
T8 o 4 A AU FIRR B PR SR R AR AR
TR BB, Ak, AT vERE H ATE M XK
H AR A, 2 i TARRMEBRZ (0 ~ 20
cm)pH ., AHLF(SOM), £ %W (AP)FIERL AN (RAK)
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WL, kg 224 1 R o g s XA P - 3 ] S5 A B LRl 2
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Fig. 1 Distribution of surveyed typical farmlands
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TR ENARKT . Fhe. HER, Sl
20 H(0.85 mm)Fl 100 H(0.15 mm)fii, &F8450E 7
R pH, HAOHA(EW L 1:2.5); AHLE, KA
T IR - AR PR B A A Tk s AR, B iR N
RSPk B, CMRENRER- KA
TR ZFT DR X 4 A FE bR, — I3 T i
HIRE ST 2% i, 2R IX 4 AN Febr e 3 17
Wi R BRI WA IR FE TR R E M
DI = P 7 B T AR £ 920 AN FH ERIETHE /3B 26 1A
3 ML -5 4 RURIA A 2 R4 7 A 25 A S

(Pearson AHIE R EM510 0.907™ 1 0.254™, P<0.01).
1.3 IFItEFZ*

IFT F 2 09 AL DR Mean + 36
B BR A TRAR Y S8 s @R FTRIRI R 5 s iR BT
BRI B A, AL . A RO R E s
NS M, pH AR, 4 AR RS N BUE
(0 2 MR A b 1 A5 2% (GBY/T  33469—2016) 1%
LIRFOLER 1o QR I ka5 1EM 5
PRAGACE Wil @ R AL AN SR AR A 35
IFIME 1.,

F1 LTREFREERNH LS BE

Table I Membership function and threshold values of soil indexes
1 HEsE bR s Jm R R TR x EBR x, RALE TR x; i fLE B BR x,
pH iy Al 5 8 5.5 7
ABLB (g/ke) S # 15 30
A 4B (mg/kg) S 7 10 20
L (mg/kg) S % 100 150
. g L4 RELEFSSAREELEERES S

i=1
b Wi oA PR RORCE , Ni S | AN SR
Ja FEAE

AR T FHERR T (R 2) A 4 [ TR0 e
PRUENST, AR 13RO TS (R DKL B 4
BT AT AR DGR FE 45 R,

x2 LEFDBESPINE

Table 2 Grading standard of soil nutrients of 2" national soil survey

bR GES
—% ht/ e T Ay 4
pH >8.5, ML 8.5~75, WM 75~65, ik 6.5~5.5, thm 5.5~ 4.5 itk <4.5, MR
AP (g/kg) >40 30 ~ 40 20 ~ 30 10 ~ 20 6~10 <6
R (mg/kg) >40 20 ~ 40 10 ~ 20 5~10 3~5 <3
B (mg/kg) >200 150 ~ 200 100 ~ 150 50 ~ 100 30 ~ 50 <30
=3 EBLEFRSEEMESR
Table 3 Grading standard of soil nutrients for tobacco-growing farmland
YRR Wig
A {138 AL S ETNE NN i = R
pH 4.5 45~5.0 50~5.5 55~6.5 6.5~7.0 7.0~75 >7.5
HHLFE (g/kg) <10 10~ 15 15 ~20 20 ~ 30 30 ~35 35~ 40 >40
A 3w (mg/kg) <10 10~15 15 ~30 30 ~ 40 >40
A (mg/kg) <80 80 ~ 150 150 ~220 220 ~ 350 >350

15 TEGAERASTR A48 R IR 23 AL 3205 22 0BT (ANOVA),, FiIH

SIS TP /-2 50 ¥ SR A 0k TR
K130 5 A5 W (IF1=0.8), #(0.6<IFI<0.8).
H1(0.4<IFI<0.6). %{%(0.2<IFI<0.4), {K(IFI<0.2),
1.6 #EHBPBAWHZE

FIF ArcGIS 10.2 ik K, FIH 1IBM
Statistics SPSS 22.0 # Microsoft Excel 2016 #4744

R 3.6.0 il Origin 9.1 X[ & 17 F B30 Hr T4 14 .
2 ZBRESWH

2.1 AEFEEKXT 15 pH B9 00
M2 4 T LIE H, IREFAE A PAZF 3 pH
FoE T HALARIAE K, Th2hkr 3 pH BT AR
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FfERE, WX R . A he i e

pH 225 A2 o 6 FPRMERI AL S R EUY/ N T 10%,

NSRS 6 PRI TR AR .
4 FREMEEKXTHELE pH

Table 4 Statistics of topsoil pH values under different
planting patterns

PR TIOME = bRE2:  E I BRRECV (%)

INFESETE 547+034a -0.76 045 6.15
RS 5.42+046a 117 1.43 8.56
UREZYY) 4.87+043 ¢ 118  2.02 8.83
=R 533+£038ab 157 430 7.12

FEMAErE  5.13+040b 1.03  2.90 7.84

MFEIE  525+040ab  0.60 -0.96 7.71

W [H—FEE NG RS [ 2 R [ A AR AR X ] 22 5238
P<0.05 2 EKF, T,

2.2 ARMEEAI LIEFI R0

2 5 ATLAE I, A FERE R A LB 5
BIERZES, b TR ELT H A AE R,
XZEFE T 2w T A AR . 6 PP A AR
SRZBAN T 19.66% ~ 34.08%, Ji T 45 i A8 Sk
R 2, MHFEEEAE R 250 A HLBTAL T 20 ~ 30
g/lkg, K =GbnifE; HARMEA I DL A T
30 ~ 40 g/kg, 5 G,

£5 TRAMEERTHELIREGNRSE(@ke)

Table 5  Statistics of topsoil SOM contents under different
planting patterns

FAER P « bR R g ERRBCV (%)

JHFESEE 25.60+6.45¢ 039 1.03 25.20
R 33.98+827ab  -0.05 -0.72 24.33
ik 2582+8.02¢ 0.5 0.69 31.08
WZERE 3846+7.56a  -0.02 183 19.66

fEwhEefE  31.18+8.61bc  0.50 -0.27 27.63

FEZE4/E 3070+ 1046bc 040  -0.17 34.08

23 AREMEERX T IETRERZN

2 6 ATLIE M, P2t LA s & i B
FHAFP AR, PR e R & T
b PR, 6 PR A 2 4 e ol o i 2 SR
TRASFRE ; WIREEEVE RN BT RO TRV . 6 R
P A RO A 3 RN 36.15% ~ 78.17%, J&
FrhAEnR AR . MG 2, MRS ECAE AN R 1 4
FRWEAE T 20 ~ 40 mg/kg, ik ZhbRiE; HABRL
Y A RN KT 40 mg/kg, i5—ZhnifE.
2.4 AEFEZET RSP

H2 7 AT LUE AR R A X 2 ) 4 1 s

Gz S, 2GR R R, AR I
BEMK, YWEThEmELS ., RIEE 2, h2ik
- HEA AT — G, AR A VE AR 1Ak
T bnifE, ARG ROMFSE MRS 22 fe 0k L e T
HIZE K-

Fz 6 TREMBEERXTHELIEES MBS E(mg/ke)

Table 6 Statistics of topsoil AP contents under different
planting patterns

BRI SR « frifize WE I8 ZERFRBECV (%)

JHFESAE 36.71+13.27bc 0.75  -0.35 36.15
AR 30.09+1145¢ 076 -0.69 38.06
ik 95.92+7498a  1.56 228 78.17
WERE  65.60+110.88bc 048  0.46 37.08

FEmAerE  57.90+34.01b  1.24  0.83 58.74

FEAfe/E 43.93+£22.95bc 1.81 478 52.25

R7 FREMERRX THELREIE S 2 (mg/ke)
Table 7  Statistics of topsoil RAK contents under different
planting patterns

PR FIOME « bRl WE B BREEHCV (%)

JRGFEAE  157.10£31.67bc  0.68  0.75 20.16
HZERG 143.00£53.35bc 0.05  -1.24 37.31
hZFF 200.55+8585a  1.19  0.29 42.81
WZERE 173.50£34.10ab  0.09  -0.81 19.65

FAerE  131.55+£51.18¢ 097  0.13 38.91

EERAME 139.00+£3533bc 073 0.53 25.42

2.5 AEFEEK T8 IF Em

8 MIF R A AT R AR R
JEME, BAEPRAAE LA 2, ARG IFLE
(F 9). ik 9 MTLIEH, AR IF1 B ZE
F#1(0.880)>XHFF 4 1F(0.821)> 1245 (0.817)>Fi 22 48 1E
(0.760)>1 2414 (0.693)>FE 48 1E(0.645), Bk &,
WERG | MREEeAE . BBty IFT 42 m, 19>0.8;
FaZEfeAt . P2k . RS ER Y Ik, A F
0.6~ 0.8

#z8 ATRMEEATLIEEREEEE

Table 8 Membership values of soil indexes under different
planting patterns

Ll S=y pH AR A R AL

JHFEFEME 0.79+0.32a 0.68+0.29b 1.00+0.00a 0.87+0.24a
MZAFE 0.63+0.33ab 0900202 0.97+0.11a 0.65+0.41b
Pzt 0.22+0.28¢c 0.69+0.30b 0.95+0.192a 0.88+0.26a
WZRE  0.60+0.35ab 0.97+0.13a 0.98+0.08a 0.90+0.18 a

FEMAEAE 0.42 £ 0.36 bc 0.84 +0.24 ab 1.00 = 0.00 a 0.49 + 0.41 b

FEA4AE 0.45+0.39b 0.81 +£0.29 ab 0.99 + 0.05 a 0.69 + 0.37 ab
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-1.0 -0.5 0.0 0.5 1.0 F9 AEMEEXTIEN IFIE
1.0 ' T : T ' 1.0 Table 9  Soil IFI values under different planting patterns
| FEAES VPIHME = bR W EE BRRECV (%)
05 ?;/10.215 ! Jos JEAEF/E 0.821+£0.12ab  —0.80  0.52 15.13
! AP BAERE 0.817+0.08ab 039 021 10.31
o ! W=0274 2k 0.693+0.12cd  —1.61  3.63 16.85
g 004+ ———————————=-> S 0.0 W2 F 0.880+0.13a 213 6.60 14.23
~ ! FEMAIE  0.645+0.16d 016 —047 24.70
' W=0.349 -
! MEGAME  0.760+0.15bc  —0.34 —0.26 19.63
-0.54 | -+ -0.5
RAK : 3 iTie
W=0.162 :
400 T 0% ; Jm 31 AEAMEEXTIERSER
-1. -0.5 ) 5 1. N N F
PCA 1 HH () R A F B, 45 28 Fia =X el VR B RS 1
=t g K EGA H s B HTAE B 1Y 574 Il 10,
) iR E %B?KEI_ T, HtAEA *BEEE?’%#&AJ&% :
Fig. 2 Weight values of soil indexes ﬁi%i% th %M‘Hﬂj E‘Jﬁ’%éﬂ% th {ﬁ E\J[—le%% 11, 5’%%{%
£10 2018 EFFMEERX THESERFTERANE B (Kkghm)
Table 10  Fertilization and nutrient input information under different planting patterns of 2018
FIAEAR 2 it AR A | AL BAMFS G REIT
N P K
KRG FEAE MHZE: MR 2, fEf. EAM2, RE0.67 1.01 0.42 0.92
PR A2, RE 1 0.76 0.16 0.10
hif AN 2.67 0.40 0.21 0.13
W2 HRE: A2, RE L M. EAME2, RE 1 1.53 0.31 0.20
ERIE (S . ERME2, RE; Wm¥EZE: E4ME2, KK 0.67 1.37 0.31 0.20
(EE (S % BRI 1.67, JRE0.67; £F. EHM1.67, KE 1 1.27 0.26 0.16
W RPEGIIRE . S BERRE . S Z R LG 15:18:6.
F1 2018 ERRMHEEXTFHEEFRTEZBLHER
Table 11 Output and nutrient removal information under different planting patterns of 2018
FlE A A e A ) B EAS B R0 & (g/ke) B MRS R AT (kg/hm?)
(kg/hm?) N P K N P K
JRAEFEAE M 10, FEA 27 30.2+12.6 3.243.6 51.5+1.5 1.31 0.23 1.43
RS FE4T 53 12.6 3.6 15 0.67 0.19 0.08
LREY ) T 167 21.7 9.2 7.2 0.36 0.15 0.12
MR 4 33, 4 33 12.6+12.6 3.6+3.6 1.5+1.5 1.68 0.48 0.20
FE i FEAE T 47, WERHF 27 12.6+42.8 3.6+9.9 1.5+9.1 1.16 0.27 0.18
(EE (S AT 40, Fhi27 12.6+21.5 3.6+3.8 1.5+4.2 1.08 0.25 0.17

B E R IR 12, Hr, B HEY 28 B A
B S B F 2% SOk (BT 34420,

R 30 R it A A A R i 10 A 3 ol g T A P 1=
Belm Ak, IR E L pH H(5.47), F
TR T HEMAE K AYE R pH N 5.5 ~ 6.5, i 4
0 22 2R FR it FH 1 2 A M el R 1220 v 261 43 pH I
(4.87), ¥R/, WER. mERME. fmielE+
e pH 2R AW X EERE M RE, i
KH o PERER , S5 pH MK,

AW F I, AN [F AR A L &

PIE A WERE(38.46 g/kg)>FAZERH(33.98 g/kg)>THil
BAIEQG1.18 g/kg)>EE#AE(30.70 g/kg)>H 25 H
(25.82 g/kg)>MHAEREFE(25.60 g/kg), X5 LHEAKIMR
DURIARS FFIA B AT G RFFIE ST i AR (R ) 2
FENZOILL Je A Sk B BT, A R TR T - A P
Sk, HERAT E, HAS A H K, Kt
[, SRR LT o s ARk 3
BT Ayl v 7Kk P81 DRl b A 300 ] — st T A% s i A
BHOFA, JF BB RAE, AHLUGT Lo, M
VEARARE SR AE H A WU & e ik, PR rh 25 A5
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Table 12 Net changes of nutrients under different planting patterns of 2018

Rk A X N P K
¥4 (kg/hm?) LL451 (%) ¥+ 1% (kg/hm?) LL451 (%) 3 (kg/hm?) H 451 (%)
JHFEEE A -0.30 -29.72 0.19 45.28 -0.51 -55.69
TR 0.09 12.04 -0.03 -22.16 0.02 18.90
rhebt 0.04 9.58 0.06 26.84 0.01 8.76
R -0.15 -9.95 -0.17 -52.70 0.00 -1.38
(RN 0.21 15.36 0.05 14.41 0.02 7.88
EERE 0.19 15.31 0.02 6.45 -0.01 -4.46

1 TR g R H b 2R XA BT 7 SR K, P+
B P A i AR,

ABFEFRWT, 6 PRI T 20w o 3
1, DO FREIEMASAR, I A P Z R IeE
HAHr=, ARl m s eI s s, ax
WX R | REIACAE . R RelE . RS ReE Heh
SO TC 0 22 0 R R 2 A R IR
AR R B, PRIt AT i 22 Tt I, -
RACHE RN T ARLCP  m CP YB3 0 95.92 mg/kg
f1200.6 mg/kg). FAERMALEHE AR L, INZAEFF
i AR A Dl A RO i A R CF I (E
30.09 mg/kg).

6 FhAMAE A 2 HHEGR AU & B 24 FIEF
Bl o h 2 iF B8 208 & i s CE YA 20046
mg/kg), PR THRMIITE, KPP —RZ AL
DRTHR 250 T, HR A (3R 12). K Hmg
B, — B TR E Oy e e s Y, HR T
FEIH A B &, H— SR AR A 5 2 W RS A o 2200
TFHERIE, R AR T R R 2 (200 56%), BE
I T IRRE S A A &
32 ARAMEREATHESESRAER

ANTRI R AR ] TR 248 H e BRI g 32
FEi(0.880)>HHFE 45 1 (0.821)>FAZ £ (0.817)>Fi 4 1
(0.760)>H1 244 (0.693)> AT 4L (0.645) . AT H T
HEIADEAESM, EHAVURSSR &4, P {Hi
o MARRESAERS L pH FIESER S AL T 6
Tl 2 i 25 —13.(5.47) AT = 37.(157.10 mg/kg), A
I TFT iy . PR Th 258 i T pH Al H4EH
DL & AR, S8CIFL R, FEmAerE& TR 46 hnit
AR, FECIFT fAK,
33 FE#ERS IR AEAREIR

MR MFEASVE A AR IF1 KT 0.8(4r
Bl 0.880. 0.821 F1 0.817), B & TREZRAE
(0.760) . H1 2444 (0.693)FIFEIMEEAE(0.645) . X1E—E

PRI USRS RS MR IR ZERT 3 AU A
FF 2 45 - S0 0 - mT Rp 2k, e X 3
Fh AR A

R 2, 29 18% FRERGTHBA 15% FEEi1E
B+ B P T P04, o HIEa LA T =
KR, AR RER, JUH R AR AIRE A
SRR M- THE VIR s R R A RIS ZE R 1Y
T O A A, N IE S RIBEAE ; R R EA
25 65% M - R Ab T =GO X LAIT, TiifE
A TERIBAERG A 40% F1 30% Ay He 445 5
SCEPAL T UL, ROEINARAE . MR 12 KFE, WER
BN, PLK S EYNTE, H P T2 53%,
NINKALIERFEA o XA R A, ARG 3,
WA 45% B pH<S.5, WiEEMER; HIMriE
15% F1 10% HHAEES1E e+ 30A HLRAR T s
R ELIE RN (20 ~ 35 g/kg), 60% MBI &k
B TAEME BIE (15 ~ 30 g/kg), 45% MARE4S/EH
He - eSS T AR RS BV (150 ~ 220 g/kg), 47
ST 25 R A HLAE S A A

K B 8 A R A4S S oA A SR B IR 35 15 B
(# 13), HE5M EASEREEEA —E B A,
A SC LA S B 2 AR B B0 v ot =, h
2 Ak A X A 78 (200 J6/hm?), MR 4 A IR 22 (137
Je/hm?), WERFEE117 J6/hm?), HAZERG . R
FAE RG22 e ME AT AR (A T 60 ~ 84 JC/hm’), 2
GG ARG R VRIS R 3 MR IFT 48,
PR L U R MR AR S A . HFR R O
KR TR — AR U B Z A B, iz Al He e ik 25
I, A P Ah B AN i, TR ot XU R R AR A P e
Tz, Qi — EE R R, o2
MAEAE ] B EVERE S, 70% AR 2525 b 17 16 A
03 AN HERERT I 5 A5 22 50 1 04 55 AP DR I R
RAE SRR, B /NERRL S K R, 5%
A R K
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Fz 13 FEMERELEFBAN
Table 13 Annual net income of different planting patterns
AP VERRE N TR rh2ibf XA (RN EN(E TEZ Ak
?%Ll&fl&(fl:/hmz) 80+57=137 60 200 57+60=117 13+60=73 24+60=84
EE?XEU%’}EEMJE%%T% Eﬂﬁ%ﬂ@ﬁﬂjﬁl%ﬂﬁﬁTéE\,ﬁ[ﬁ [7] Anderson R L, Tanaka D L, Black A L, et al. Weed

ZIKE?% Ig%ﬁ{ﬁf)ﬂ%ﬂﬂj} M(R ttiﬁfﬂé?ﬁﬁﬁ*ﬁ*ﬁ community and species response to crop rotation, tillage,

FOAEAR I, XAl BE R 4h = — e, Hit and nitrogen fertility[J]. Weed Technology, 1998, 12(3):

AT LT TF IR A 1] 0 2 07t T B 5 A HE — 25 B iE A 5317536,

SYAR A [8] ERSFIE, sk, Sk, . ORREIEDFAE G R + gy

BIRPFEERFIERIsE I [D]. AEARAR2RAR, 2005, 24(4): 385

4 Zig 389.

[91 ZWEHE, /NI, A7 TR AR L S5 A 4 R S R
FOM AR A AR AL BT L5 pH L F7 58 18 0 O R ARSI, R, 2011, 43(1): 120-122,

LARREDAFAE— 225, AR MAERE A E 83 (0] Zeopse, BT, BEBl, 45, 36T RFONR 4 5 8 2R

ERAE, LHEAHLBT . A SO R AR AR 4 H BT SR A A R S (). R, 2013, 45(4):

WP 47— 5 2 5 . AKHR S5 4 BT e b T 763-765.

IFL, b At , MR XUR RS ARG (1) PR, PR MO SR T M), st

PEBES . REAE AR | oA R R M 46 B T FERILIRAL, 201238477079 \

BOE MR AR A AU AR e s ke [ i‘;ﬁgﬁz’i}f:(f;*nﬂ:i’fﬂm*Hﬁﬁwﬁm

MR- 4 AR R U R T e b

L - TEM]. T HEE R, 2016, 47(1): 8-14.
LM ERE AR AT LHFH g g, o BRI LA LS B

e AAN o FX[J). +1%, 2004, 36(1): 104-106,111.

52Tk - [15] vhoe N REANE E 5 B B A g ke R, I E R

b AL B DY 2 BFH BT RS GB/T 33469—

[1] Logan T J, Lal R, Dick W A. Tillage systems and soil 2016[S]. dtxt: HEbRMEH REE, 2016.
properties in North America[J]. Soil and Tillage Research, [16] &M AP . PELIEM] dbat: PERL S
1991, 20(2/3/4): 241-270. JkE, 1998: 860-934.

[2] k4R, WGk, TROEEE, . e md Hh XORR]RE AR o [17] s, BRIE, PR, 45, SO 1 X 32 A0 X 4E
B T IR R AU Ak a5 AT [J]. 13, 2016, 48(3): HH - HEFRMIRBLT]. 4, 2012, 44(6): 953-959.
553-558. (18] KRR, Zfidi, TZEH, 5. HFibor % iy s

[3] Cuvardic M, Tveitnes S, Krogstad T, et al. Long-term AR SR, WERRE, 2002, 24(2): 71-75.
effects of crop rotation and different fertilization systems [19] JEAHIWE, SKEKTY, BRIGOE. AW HUAC S5 A0 AT Fd it X 4l
on soil fertility and productivity[J]. Acta Agriculturae A - S WA TS PLEAs ARG A i 5T A 52 (). v A
Scandinavica, Section B — Soil & Plant Science, 2004, Fi2Edl, 2010, 16(1): 36-40.

54(4): 193-201. [20] sKIEfE, RfEyN, BuE, . ARA . B MESRIIL

[4] Riedell W E, Pikul J L, Jaradat A A, et al. Crop rotation STECAVEERFGE[I]. THEGHE, 2016, 39(3): 469-472.
and nitrogen input effects on soil fertility, maize mineral [21] BREME. ST I R B Raas MAE RIHEMR(D]. &
nutrition, yield, and seed composition[J]. Agronomy HE: Rl R, 2016.

Journal, 2009, 101(4): 870-879. [22] Z=WM, B, FHEEE, 5. bl X 4R Ak E St

[5] XUEEL, &FEsm, Mo, % ANE A H 3K R——LUEIWR T E R NI, 15, 2008, 40(4):
R PR SRAR A BB 3 A IRSE A (], A2 4R, 2010, 676-679.

30(4): 1035-1041. [23] A, J5 5 KR B 55 7 Lk A K AR AR (D],

6] B, WA, B, 4 KIS M SRR, 2014, 42(19): 63676369, 6372.

KRR SRR I A AU A (], A3 sA4R, 2011, [24] FEEAR, VIS, TIEHE, 5. HEEIEER L EER

31(16): 4542-4548.

AP BR B EWFIT it Re[J]. £HE, 2015, 47(4): 627-633.

http://soils.issas.ac.cn



284 + b ERREC
[25] RHEE, R, s, %5 R RGEAE & 75 FF AR [29] SKWERR. R T rp 24 b4 Fivi 25 V5 3 b - R AR 1 9 BF 9T 40
WA BB R A S s (], 13, 2015, 47(6): 1034— R[] BEFaAL R, 2007, 53(3): 53-55.
1039. [30] EELTHE, XK. LB A% AU Ab P it A B b7
[26] (Emedr, s, &=, 5. AS[R] e A0 i X i i 5 [0]. SRR, 2018(3): 73-78.
AP S A [T]. 3, 2014, 46(5): 780-786. 311 Bz, BN, 2R, 5. 2R e me J0 X T I K 1A
[27] FEErod, ZEWEME, ERMI, 4. RS RREIEE FERL T 4 S T ST (0], 13, 2013, 45(1): 190-192.
Ho X b Y B FLPEDTSE ()], 3%, 2009, 41(6): 1018— [32] RASZE, BUMME, U, & A WUEERE B AR IR
1020. I BT FE[T]. AR A A IR, 1985, 21(3): 13-15.
[28]1 HRSr/c, #Huide, ok, 5. Girg R IR bR b4y 5 4k [33] #hNElE, Z=4, otim, %, = -LHEERMIITERT].

TR XA TE L S 2R [T]. 13, 2010, 42(1): 45-52.

SRR, 2015, 34(3): 885-893.

http://soils.issas.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


