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Effects of Long-term Fertilization on Soil Fertility Under Different Wheat Cultivation Systems
CHEN Zhikun', HAO Yajun®, REN Yingying', JING Guanghua', WANG Zhe’, HAO Mingde®"

(1 Key Laboratory of Soil Resources & Biotech Applications, Shaanxi Academy of Sciences, Xi'an Botanical Garden (Institute of
Botany of Shaanxi Province), Xi'an 710061, China; 2 Chanba Ecological District Management Committee, Xi'an 710061,
China; 3 Institute of Soil and Water Conservation, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To find the scientific fertilization mode for improving soil fertility and environment, wheat continuous cropping and
wheat-pea rotation in Changwu County of Shaanxi Province on the Loess Plateau were chosen as the research objects in this study.
30 a long-term fertilization experiments, including application of nitrogen, phosphorus and manure (NPM), application of
nitrogen and phosphorus (NP), application of single nitrogen (N), application of single phosphorus (P), application of single
manure (M), and no fertilization (CK), were carried out to monitor and determine the changes of soil organic matter, alkali
nitrogen, available phosphorus and potassium, total phosphorus and potassium, as well as soil fertility represented by integrated
fertility index (IFI). The results showed that: 1)Soil nutrient contents in wheat-pea rotation were generally higher than those in
wheat continuous cropping under different fertilization treatments. Application of nitrogen phosphorus and manure significantly
increased nutrient contents under the two tillage systems. 2)IFI was in order of wheat-pea + NPM > wheat cropping + NPM >
wheat-pea rotation + NP, wheat cropping + NP> wheat-pea + P, wheat cropping + P > wheat cropping + M > wheat-pea > wheat
cropping. 3)IFI was significantly correlated with organic matter, total phosphorus and nitrogen, available phosphorus in wheat
continuous cropping, while positively correlated with alkali solution nitrogen and total phosphorus in wheat-pea rotation. In
summary, [FI can reflect soil fertility condition, soil fertility of NPM treatment is higher than single fertilization, soil fertility

under wheat-pea rotation is higher than wheat continuous cropping, different tillage systems differently influence the correlation
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between soil nutrient and fertility.

Key words: Long-term in-situ fertilization, Wheat continuous cropping system; Wheat-pea rotation system; Integrated fertility

index (IFI)
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1.1 HAREXER

FEN A P R TR R N SOV = SO VA = e ol
JRIK R ER, HBFEA E 107°38'49” ~ 107°58'02"E,
34°59'09" ~ 35°18'37"N, J& T8 + = 5 X X, Yai i
SR TE R, R HERRR IR, A R R A R Y
+o W T 1984 AEFF IR, FEEE 30 RAE, i
WK 1200 m, AEFKER 578.5 mm, 4EHISHR 9.2 °C,
>10 CRUR 3019 C, JCFHEW 1724, B FHAHBE
T PR A R 2 U A, R B A R SR AR X
G DI HEAE R Bl an e 1 R .

1 KERTEFIIEERE

Table 1 Background values of soil nutrients in test area

Bl fff A (me/kg) A (me/kg) H AT (mg/kg)

AP (g/kg) 2% (g/kg) 2 (g/kg)

37.00 + 1.33 3.00+0.11 185.36 = 28.89

10.50 £ 0.38 0.57+0.02 0.66 =0.03

1.2 RWEITSSWAHEE

A E AR P R 2 K, 10 MR,
Iy ORIEFIRS, o0 /INE- Wi G AR
RYM NP(A . BEIERCHE) . NPM(A . 8. AVUIEK
Jiti), PCRRGEHEIE) . CKORHAR); @/NEEERE R
S NPM(A . B . A HLIEECHE) . NPCR . BEIRECG) |
PCHUIEREIE) . NCRiEZE) . MCREAFLIE) . CKOR
T AE)HF et oE TAE, A ialiedl 3 oA

EAGRKY 30 a 5, HI 2014 4E/N /MK

BEALFE PN /N REE RG4S A FERAEHEZ (0 ~ 20 cm)
TR, AN, 2R 2. A,
AW R AR . AT LR B R R A I A
AR YLK E ZENE, 28R H,S0,-HCIO,
THASABRHUT R IE , Bl 2R P L
PR, WUSRERH Olsen W AE , BRALEN R FH K I
SERERI R, W ETEW  RaEAAb ) 1O
1.3 HiEabiE

25 TUAE 146 b D 2 e BB ) 25 PP 4 R R
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H Microsoft Excel 2007 #4770 #5403, Bl 7 2=
S3HTI ] DPS 7.05 BAF9EAT 7 22 03 B 22 L LU
(0=0.05), Fr A ¥ LI EAbRME2E RN .

14 TEREAGZEEERETE
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PRI AL S PN 5E 22, AR SCHRBCEHLT, 24 .
Tl 2L L AU RN 5 T - LA SRR bR
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142 SRIEEMEMHE TR RN
FEbR B Y AN R, AR 25 5, BRI S Ji
B A TR AL AL B, 75 A0 B A 0 5000 DX [A] Ab T

[0.1, 170 MR LTI RRE Y 1 KR, 252
AR, 2% WA AL, 2.
RS A E R A IR R S TSR R, SRR JEE bR
B

1.0 X>X,
F(X)=109(X-X)/(X,-X)+0.1 X <X<X,
0.1 X <0

B RIMAC XA RN B R GE AL S AR
2, LA R R bn A R Y S A2 1k,
FERT TSR E OIS, AR 4 [ 25— b e A Ry
TPRIE(R 2B R Jm R B PR AU X, Xo(R
3)o MR LIRS JE B pREA BT S IR, R IE
TIHEPRIRIBEE (R 4). FIBEERNTT 0.1~ 1.0,
B 7T HSRAITERE , R AE 1.0 2R ST fcdr,
AR Bl 0.1 Fom HIEL T EEk= . 1
SR AT REBEA KRR, AT S L= PR AR S
BARbrR R 2252, Seky MEE N 0.1,

*2 2EE-_RIBEEERSHSRIRE

Table 2 Soil nutrient grading standard of 2™ national soil survey

ER Wi#R(mg/ke)  HHE(mgke)  HRLHN (mg/ke) HHLF (g/kg) 4 A (g/kg) 4 (g/kg)
—2% >150 >40 >200 >40 >2 >1
-4 120 ~ 150 20 ~ 40 150 ~200 30 ~ 40 1.5~2.0 0.8~1.0
=% 90 ~ 120 10 ~20 100 ~ 150 20~ 30 1.0~1.5 0.6~0.8
U 60 ~ 90 5~10 50 ~ 100 10 ~20 0.75~ 1.0 0.4~0.6
H 30 ~ 60 3~5 30 ~50 6~10 0.5~0.75 02~04
NK <30 <3 <30 <6 <0.5 <0.2
®3 IEFSREERHEFAEE
Table 3 Values of turning points of membership functions of soil nutrients
e B A (mg/kg)  EMBE(mgkg)  HAH (mg/ke) A BB (g/kg) 2% (g/ke) i (g/kg)
Xi 30 3 30 6 0.5 0.2
X5 150 40 200 40 2 1
x4 LTEFSREEMEFMIFI
Table 4 Soil nutrient membership values and IFI
HHERSE Jita HE 4k B A A AL oo U IFI
INEZ AR NPM 0.69 1.00 1.00 0.49 0.42 1.00 75.39
NP 0.60 0.73 0.67 0.33 0.25 0.98 60.14
P 0.10 1.00 0.76 0.26 0.17 1.00 56.75
N 0.38 0.14 0.77 0.24 0.15 0.87 42.34
M 0.10 0.79 1.00 0.36 0.27 0.75 53.73
CK 0.10 0.10 0.80 0.25 0.15 0.57 31.65
AN B AR AR NPM 0.38 1.00 0.70 0.52 0.99 1.00 80.02
NP 0.44 0.71 1.00 0.36 0.29 0.99 62.5
P 0.11 1.00 0.68 0.29 0.18 1.00 57.08
CK 0.10 0.14 0.73 0.27 0.18 0.56 32.47
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L T3 FEAR 2 [ AH O R B , JFAR IR IZ T 1E
i TR B 3 BR A OC R BCT A SRR A 43 o (FGE
FE0, VERIZHITAL S HE bR e RAE I T i BT
B 6), PITITRbRA R ADC, THAARDCR B4
XHE

£S5 HiFMiEFRIEAEY Pearson tHXHRESEFE
Table 5 Pearson correlation matrix of soil fertility indicators
e bR Tl fff L AL AL AL £ A e
T 1
AW 0.250 1
A 0.312 0.143 1
AHHLR 0.611 0.749" 0.487 1
2R 0.390 0.761" 0.059 0.863" 1
e 0.535 0.861" 0.101 0.632 0.567 1
T %, #RIFRRAMRNES P<0.05 Fl P<0.01 $EKFE, TR,
Fzo MAOBIRHEXRLIANERL
Table 6 Correlation coefficient averages and weighting coefficients of soil fertility indicators
EX 3 g it 22 TR A LT e e
AHC R BOT1E 0.52 0.70 0.41 0.83 0.78 1
&GS 12.16 16.55 9.70 19.59 18.45 23.55

WP Bk, 3R SRR T IFERRAFD >
IFI=iWixNi (1)
i=1

b Ni Fowi R RIFRER @ R R R A R
o TFLEBCR, SRS I AR .

2 #R
21 INEFEESNE-BTRIEKEEMHERX
TIEF S

15 30 a KEE LA FIEALS&AF T, /INE-BiE 5
YERGE LR & i SR L TN AR RGE (R
7)o SEMERGMILE, NERAERGORMNL + ek

HL(CK) . B AR IS iR 3t (P) . 0B I it 9 3t (NP) A
R+ HLIE I it R b (NPM) -+ 347 BILJTE 43 5910 384
T 1.1, 1.13, 1.25 fil 1.22 g/kg. B& NPM K i % /F
RE2ATHRDE @ TEERGS, HAA R AL
FEHPIFHHE R LA T EER AL E . 11
W RTE PN, RIERG R E® TIEER
e, W T 8%, TIEHMUMUH E ETE NPM A BN %
ERG W& TRAERS, AL H T WP &
Gim A RE ., DEHEABETEAREIEAEE T, 4
ERGEY &S TH#EMERS, UL NPM iR R, +

e R S, AL A T B R R
THRAERGE

#*7 KHATEERELELIERSER
Table 7 Soil nutrient contents under different fertilization after 30 years

MRS SEICARE M A(mgke)  HEW(mgkg)  HZH (mg/ke) A B (g/ke) 2R (g/kg) 2 (g/kg)
INZ HEAE NPM 108.13+3.90 a 51.05+1.84b 500.36 + 144.78 a 20.59+0.74 b 1.03+0.04b 1.13+0.04 ab
NP 97.33+£3.51b 29.05 £ 1.05 de 138.12+11.87 ¢ 14.74 £0.53d 0.75+0.03 ¢ 0.98 £0.04 ¢

P 9.18+0.33 g 46.20+1.67 ¢ 153.91 +£10.02 ¢ 11.94 +£0.43 fg 0.61+0.02d 1.01 £0.04 ¢
N 67.42+2.43d 478 £0.17 156.11 £ 14.20 ¢ 11.47+041¢g 0.58+0.02d 0.88+0.04 d
M 20.39+0.74 ¢ 31.44+1.13d 47034 +37.48 a 15.80+£0.57 ¢ 0.78 £0.03 ¢ 0.78 £0.03 ¢
CK 13.59+£0.49 f 3.12+0.11 df 161.33 £24.67 ¢ 11.49+041¢g 0.58+0.02d 0.62+0.02 f
JINSZ 5 NPM 67.75+2.44d 78.96+2.83 a 301.67£96.31b 21.81+0.78 a 1.99+0.07 a 1.18 £0.05 a
AR NP 7556 +£2.72 ¢ 28.03+1.0le 142.79£7.15¢ 15.99+£0.58 ¢ 0.81+0.03 ¢ 0.99 +£0.04 ¢
P 10.28 £ 0.37 fg 48.82+1.75b 140.11 £6.03 ¢ 13.07+0.47 ¢ 0.60£0.03d 1.09 £ 0.04 b
CK 9.54 +0.35 fg 4.47+0.16 f 149.88 £2.12 ¢ 12.59 £ 0.45 ef 0.63+0.03d 0.61+0.02 f

TE: P RFIEHE/NG FRA R KR AL B1R 25 5735 P<0.05 B3EKF.
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Fig. 1 IFIs of different fertilization treatments under long-term
different farming systems
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Table 8 Correlation coefficients between IFI and soil nutrients

MRS i A R AL A HHLR 2R 2T
INFE A 0.617 0.904" 0843 0.858"" 0.895
NGB T B R 0.806 0.433 0.459 0.259 0.699°
WA R 5 0.611 0.903"" 0.859"" 0.730" 0917
3 Wi R WS EIEINAN R, R A S SN EES
g
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