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Characteristics and Gradations of Cultivated Land Fertility for Winter Wheat —Summer Maize Rotation
System in North China
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Abstract: North China area is playing a significant role in grain production in China. Winter wheat —summer maize rotation is a major
cropping system in this region. Based on the database of county cultivated land survey of soil fertility in Ministry of Agriculture of the People’s
Republic of China, total 23 862 samples were selected, 17 945 evaluation units were taken from the superposition of soil map, landuse map
and administrative map. 11 evaluation indicators, including precipitation, accumulated temperature, top layer thickness, texture, organic
matter, available P, available K, available Zn, salinity and irrigation capacity, were used to evaluate the gradation of the cultivated land
fertility. The results showed that the fertility grades from first to sixth of the cultivated land for winter wheat—summer maize rotation system in
North China accounted for 11.29%, 19.30%, 28.06%, 21.57%, 11.99% and 7.80%, respectively, and the overall cultivated land fertility
upgraded in comparison with the second soil survey. The concentrations of soil organic matter, available P, available K were increasing
significantly. In conclusion, this study will provide some basic information and scientific insights into specifically practical fertilization and
soil improvement, scientific layout of crop production and adjustment of agricultural structure to promote cultivated land production capacity.

Keywords: winter wheat—summer maize rotation system in North China; cultivated land fertility; gradoation; fertility characteristics
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B AT 2 M 2% (Artificial neural network , ANN )—7=
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LA AE X 340.26 J7 hm?, (5 & 1 X #F o  1w AL 1)
27.88% ; A RG4S AEIX 414.23 J7 hm?, /5 33.95% ; 111 76
BAEIX 79.72 1 hm?, i 6.53%; ILZR5EAE X 386.21 7
hm?, (5 31.64% . F 24k KRR 1 W1 1
A AR o W4 854.26 7 hm?, F#RAEX
HEHL T LY 70% ;5 48 1+ 200.48 F7 hm?, |5 16.4% ; b
F 4 78.88 J7 hm?, 15 6.5% ; k23 17.34 77 hm?, (5
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Figure 1 The results of clustering analysis of evaluation factors
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0.114 3, X & FAIL X b 30 2R A 2 H A2 4%, 18 i
M SRR A b Hb ) A 2 K AR Y 2R
AR ] 0.211 6,
1.3.4 SREIFMH)EEITHE

K ST VEAN J5 1 7 45 R S G R o0 8 b iy SR
JE FE AL TSR R (. AP R SR R
B, 2SI R R IR REER B e R E WL 53R
J& PR B A E (3 2) s FEAL FRAE B AL S PR IH i
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Table 1 Factors and weighting of cultivated land evaluation

Eii 7N T Szt U Szt U EiH 7 W
HHLT 0.098 2 AR 0.066 1 B 0.062 5 B 0.044 6
B2 0.111 6 R 0.088 4 ENTE i 0.060 7 WM RE ) 0.142 0
Hig 0.114 3 Rk 0.109 8 HURE 0.101 8

R2 HEASIERENSR HMEREREE

Table 2 Evaluation standard of numerical factors

i SR A
HHLF/g ke Vaxic 100 98 95 90 84 78 65 50
kg 1 0.98 0.95 0.9 0.84 0.78 0.65 0.5
30 /mg - kg™ E 100 100 100 92 90 85 80 60 40
B B 1 1 1 0.92 0.9 0.85 0.8 0.6 0.4
B /mg - kg™ FaNIED 100 100 100 95 87 78 70 60
g 1 1 1 0.95 0.87 0.78 0.7 0.6
B mg kg Faxi= 100 100 100 98 95 80 70 55
KB 1 1 1 0.98 0.95 0.8 0.7 0.55
BRI /em NI 100 100 100 100 90 85 75 60
SR 1 1 1 1 0.9 0.85 0.75 0.6
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WA SRR eR B A LT A R R A RS
PR S5 i R i E A e ek (3R 4.
1.3.5 B J1 45 E 455k
FH BN e Mt g (025G da gk, BAAA A
IFI=3 (FxC))
L H L IFI (Integrated Fertility Index ) A 8k 3 b ) 25 &
TEHG F NS L AP RSB BE 5 €O« DR
R 2H S A .

o7 PRI 0 5 A B B R G rp R TN TR
SRS I PR 14 S Jm pRECRN R 7B, X Aedb s
27 FORESVE X B ) EA TP, FAAE R 205 Bkttt
NEGATREE B REh £ ok 4RI 3 90k 5y
1) FH A b Hb, 7 25545 80 IFI =0.91 ,0.89 <IFI<0.91
0.87 <IFI<0.89 .0.85 <IFI<0.87 .0.83 <IFI<0.85 IFI<
0.83 $ A2k /INZE TR A X B b b o %) 53y 6 A
I

£3 FHERSTRENS R FEREREE

Table 3 Evaluation standard of conceptual factors

BREiELD Sk B VAL (E
B2 st o Hhife e Giged b it wt
FaNI:H 100 90 90 70 75 50
KB B 1 0.9 0.9 0.7 0.75 0.5
HEERE S IR TR A 2 B — i i AN A
A 100 85 70 50 30
S 1 0.85 0.7 0.5 0
BRRE A% o TR Uz H
SHE 100 80 60 35
IR B 1 0.8 0.6 0.35
7K B:/mm A% 1000~1200 800~1 000 600~800 400~600
A 100 922 85 78
kg 1 0.92 0.85 0.78
=10 CRUR/C 49 5500~6 000 5 000~5500 4 500~5000 4 000~4 500 3 500~4 000 3 000~3 500
I3l 100 100 100 95 92 90
kg 1 1 1 0.95 0.92 0.9
bR E S IR (Eueelil {2 w4 24 2] WA RiERE e w4
ui el XA fitli i L XL U S il
A 20 20 40 40 40 55 55 55 70
) 0.2 0.2 0.4 0.4 0.4 0.55 0.55 0.55 0.7
53R s ) 2l (EauE (et T B jiszoAtL ThEGE  IRLEE R
IR IR ) TP O 5 P I ASd
I 70 80 80 80 85 85 90 90 95
kg 0.7 0.8 0.8 0.8 0.85 0.85 0.9 0.9 0.95
53R PBCEE OB wpBURBUER ahBURR
SHE 95 100 100 100
B B 0.95 1 1 1

R4 SNEERFRLBRERBERY

Table 4 Function of the evaluation factors

SR E PREIC Y K E iR a c Ul U2

fii/g-kg Pl Y=1/(1+ A x(x - R 18. . 18.
HHLE/g ke 7, |75 /(1 +Ax(x-C)?) 0.005 43 8.22 5.3 8.22
B /mg - ke b ki Y=1/(1+Ax(x-0C)? 0.000 01 271.3 41 277.3
3 W/mg kg™ P it Y=1/(1+A x(x - C)?) 0.000 102 79.04 3.9 79.04
B mg kg™ 7Y Y=1/(1+A x(x - C)?) 0.135 829 2.17 0.22 2.17
BRI A /em 7 7Y Y=1/(1+A x(x - C)?) 0.000 725 32.42 8 32.42
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T 23557 J7 hm?, [ 19.30%; —ZEHh 34243 T5
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Figure 2 Spatial distribution of cultivated land productivity grade for winter wheat—summer maize rotation system in North China
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AR IR TG ARAIE

7SS M T B A A B R IO R X
B X, B PR 2% 25— 2R il oy T X B2
X, DL R AL X T NS 55 S R AR X
7%, HEWRRE J1 ol — el . AN Y EL EE R R 70% , 3
SRR P EREEER TS HRREE
FE 20 em DU o MRS R AT BE & SR K T g | 5K
A FF3A B30 L Fe it A L 388 A FLAE B sk A 4
Tt .
2.3 #ihFEH TUSH

w3k 5 frs, 5 20 g 80 AFARES ik 4 e
IHAH EE , R 3EA HLT & B B3N 40t 30 240+
BERE IR AR B, L HOR I AR RS FE AR H 3, b
& ERBER B LAV S A S T AL
Ji>30 g-kg™ B HO B S Rk AT 0.51% F REF
0.04% ;10~15,15~20.20~30 g-kg™ [X i) [ L. 151 B 45
TR HE A Y 43.98% . 1.23%F1 0.25% 53 5 TF
) 61.15% .32.92%F1 3.15% , HH, 15~20 g-kg™ [X[]
1 B A3 I Fe K 38 31.69% 56~10 g-kg™ X [A] 1 L 51]
FH 25 R TSR Y 45.31% %3] 2.72%.

TR R BN (R 5) . AR SRR

RS ETRTBEEMAREN P TIERSTUSH
Table 5 Comparison of nutrient factors in cultivated land soils of

this evaluation with that of the second soil survey

AV hm? it i Al 9
TRRAII B e PR kg
A A

HHLR/ >30 6.17 0.51 0.51 0.04
g-kg! 20~30 3.1 38.48 0.25 3.15
15~20 15.05 401.8 123 32.92

10~15 536.78 74631 4398 61.15

6~10 553.02 33.21 4531 2.72

<6 106.3 0.12 8.71 0.01

B3 >40 1.37 33.39 0.12 2.74
mg-kg!  25-40 16.69 228.06 137 18.69
20~25 12519 25857 10.25 21.19

15~20 390.09  369.95 31.96 30.3

10~15 376.18  283.38 30.82 23.22

<10 310.9 47.07 25.48 3.86

A/ >150 10212 250.63 8.37 20.54
mg-kg?  120~150 205.3 383.34 16.82 31.41
100~120 490.03 28891 40.15 23.67

80~100 38122 22151 31.24 18.15

50~80 35.53 75.46 291 6.18

<50 6.22 0.57 0.51 0.05
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20~25.25~40 mg- kg™ F1>40 mg- kg™ [X ] (1) K] 1 45
TR XA BT A 10.25% 1.37%F1 0.12%453 5 T+
3] 21.19% 18.69%F1 2.74%, Ferf1,20~25 mg-kg™ [X [f]
(49 Fb A5 35 W B 25 100% 5 <10,10~15 mg-kg™ 1 15~20
mg-kg™ DX [A] FL 54T — @ R TR, i, <10 mg-
kg™ X TE] A4 HUABIL R 3.86% , 35565 — Ak - 9 A s i 2>
T 216 MHET A

- SO O R R RGN, AR E>150 120~
150 mg -kg™ DX [i] /9 bb B3] pR 5 — Uk 4 48 35 A 1 7Y
8.37% .16.82%% 5| I+ 20.54% 31.41% , 435 I T+
T 12.17% .14.59% ;80~100,100~120 mg-kg™ X 1] fi¥
LU 3] Fh 5 R A B Y 31.24% . 40.15% 45353 T
W3] 18.15% .23.67% , 43 I N F% T 16.48% .13.09%; <
50 mg-ke™ X [A] &Y LU A KRR [, 130K 0.05%

3 itig

Rl N FORFEAE X — | SE Gt T P31
IR, L2 R, HK R4F, 5 THHE, L8550
KR, ROKPRIEPE RESE , MFT_EJLF-BEA BRI A 3R
WEE T M AR RA X )™ A AR 2
PRI HE B AN 7 QAR P AT X . = DS
MR EAF AR 0 KB 2 B0 AN R AR Tl
VLTS I SR TRV, 4 I R ) SERE R K , 1B
IMEBHEZ , SATRATIE H, R L3, 72 2R X
SRR A R 1 KA., D/ TR E 0, B K 0 A
RER T N R A, B R, X
XS o A U 7 20 0 A R L X, 32 K e P
TR i 2 T L S — et A PR A et g e v, al
T RO 3o BT DX o R R R
BRA A ZR , AT LA AR A SR, B0k JE T /K T8 s —
e TR A B SO IR X E R RE ST AR, AR
PRl Bt A 5L, APV A JRE R it , 52 e i TR BE 7 5
CORSATHRE 0 T R SRR, R
WAEA T RN L , B AL IR B 2 52 B i
J2  SRIBURE AT HUIE FEFTIE D L le 7 A 20
B REHEE , 5 AL B b 3, A i R R

Lu SEMOMIFFE R WIS T ade P 1 Jon - S 128 i A
BHEIE 2 — o ASUCFA- 55 R e A A, B
b L A LS A B AN, X5 B A TS
R—E, A DR IA T R AR AR X St
SEA PSR T H ) RS []12 al ELRE 38
TSR AT IR IX It - A R A
A BN, XAk AL I Y it
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A ] I, 265 Z 0 3 2 LIk R AR B
I - FE 5 A S MLIESE R Tt x4 Tt R 4K
SR E] T ARG B

4 #ig

ia FARER A SO 2R a5 i, e R
KR B AR 2GR B2 R B2 T A L
JT AR AR A RCRE BRI B IR RE ) A
FO R ) ET TR o et/ INAZ FORERAE X Bt
153 R 6 A9 Hrh, =AM A K, AR
HEHL TR 28.06% , FLRJ& DU A5 H, 21.57% , — 5%
HBE b ARSI T PO 4 kb, o5 19.30% , — /N AFHD
AT FAR /N, 205 11.29% . 11.99% 7.80% . 545
TR R A S5 AR L, ARl /N FORFSAE X kb b
TR BTV, BARR BN HEZ 3G B A 5K
Wl RSO B i A R L AL S R AE 15~20
g-kg™ X [RI A R o

S 3Lk
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