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FOKRIX CREIX LAPO ] 4o 3, F2 2 L AR
g£at) | V2P0 i b R IX (L X DAL
Mo b b, R AWM ) |
IV-3Pim s R ERIX (R UAE RN E, RE+
BERA LM AR ) o X124 X (1 -1,
-2, I-3, I-4, -1, -2, M-1, M-2,

M-3. V-1, V-2, V-3) Y5 KRl 5 4
B K3 A AU A LAy B ok 4.3% . 14.3%
4.5%. 6.1% . 24.6% . 5.8% . 10.0% . 7.0% .
2.5% . 3.4% . 7.6%M5.9%; R7=H& E 5

SR A3% . 16.5% . 4.5% . 6.4% . 26.5% .
5.5%. 92% . 7.9% . 2.7% . 3.2% . 7.0% fl
5.0%.,

I ZHJtFEE KX Northeast China spring maize production region
I -1 KA EEZ T KX Northeast China cold spring maize production region
B | -2 ZJLEEE FE KX Northeast China semi-humid spring maize production region
B T -3 ZALEFEHE AKX Northeast China semi-arid spring maize production region
I -4 ZRJLiEREIEHE F KX Northeast China warm humid spring maize production region
Il #4638 T %X North China Plain summer maize production region
Il -1 42derd Jb# 8 £k X North-central North China Plain summer maize production region
BN TT -2 #dbE# B Bk IX South North China Plain summer maize production region
I P§JbF T KX Northwest China spring maize production region
T -1 LR E4E % E R IX Northwest China rain-fed spring maize production region
I I -2 b 753 % F Ok X North China irrigated spring maize production region
IM -3 75L&k YN #EBES £k X Northwest China oasis irrigated spring maize production region
IV W ERIX Southwest China maize production region
NIV -1 P)I[£53 E KX Sichuan basin maize production region
IV -2 Pl B8 F oKX Southwest China hilly and mountainous maize production region
V-3 FEEE EARX Southwest China plateau maize production region

B R AL 23 X 5]

Fig. 1

1.2 iRIE4E

P S Y [ RS B T 5 B o 7 N 1 | 2 A )
JIE A5 B o RN G R o e T B, ARBESER T TR A
T2005—20104F b FHW 4= Pl Jy s e 5 | 42|
FEor IR HPME M A g5 AT (R0 ) BEFE
TAT 752, 7 08116 3282H & . Wi AR AE AL 23t
¥, SXEFEARBIE IR, Hd, (1) A%
JEAE A 50 f 4 & 4 BOKE CRING, Ny, N,
Ny) o NOAARTAL, N ZARE 2 M % G 7 1 1

The regionalization of the maize fertilization in China

oAkt B RUE , N,=N2x0.5, N, = N,x 1.5,
AN TR B A1 N 7K P it U A T 25 5, AR IR AN
126 ~ 230 kg hm™, P NN 187 kg hm™, Al
BIE 4 2 R A 2 AR , ORI 0 A2
VERIIIE W AR KR, (2) BRSO R T
AN it T Yo Rt ol XAk L B 43T X3 K X Tl
JE 7= o B N R L A S R R . AN
TR0 A5 P it Bt DXl P P R AR R Y M B R A
(A A it FH 2 0 R, AS [R5 A5 8] r 25 5%
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A NE K P,05 59 ~ 151 kg hm™, FEH HP,05 92 kg
hm™, ZURERAE 0 AR A Y & R, H
MR B R AEY I IE R A KR . (3) HAEAE AL
WP A S 134H 10506 5 40 #KF CRIK,, K,
KoMK, ) 5 1 1944050 & 24 8 K7 (EIK A
Ky) o KoWARHAE, K S MR 4 24 b £ 572 00 0 11
Ak A e, K= K, x0.5, Ky = K, x 1.5,
TR B 1 1 K /Kt B4 735 KL,0 91 kg hm™
(75 EHK,0 30 ~ 226 ke hm™) o AUFIREIE (4 1] &
HRAE Y L GEMEFA O , AL i AR Y TR
AR R A RS A A ALIE, /N X TR
130 m*LL b, BEHLIX 4 HES
1.3 BU#E. #Emothfnm=

RIS IR 1T, AR IREZE (0~20 em)
THERE S, KT R0 S R E pH . A WL . B
R AR . AR S . R HEpHOR A
B, APLTCR AAMINAE SRR A B, TR AR
F11.0 mol L' NaOHY " HlHE, AR 0.5 mol L7
NaHCO,IZE—4H8 Pt ik, SRR 1.0 mol L™
NH,OA R — JHEe el ) o e i,
BEA/NXRIH2.5 m x 8 mAGIF=RE 0, AT akf5/h
DI 7=, K 7= e B B B B AT 15.5% 7K 43 W b o
Fr
1.4 BRI
1.4.1 R[] X3 RUNE A a3 o A0 8 1k ES
TF 8 A R0 HE 5 42 ) 79 7 125 0 AN [) DX 3 R0
e A . U R 7 AR e A
TR REAC RN A (B9 P ) s e U R R K
R E R, K ENEY 2 E
ANt A B I — DA N . SRR
S BT XN 22 AF 22 05 0 N AR IO 25 SR e, RE
REPRIEVEY) =, XOR 2 Fad it Al i A Be 15
Yoo XA S EAR G E0E LS % T S5 AT
LM 7 R~ (Towa State University ) K AJMRTN
( Maximum return to N, X RIS EAR S ) X
AN 7 0 L MRS Sawyer S AR 193
A TR E A ) X I U R 0 R R
(1) XFR— MR, N HSASH A LIAEL
PEFIE A PLE ANE A & 5 i Z B R (frik
PLE T RS B R I AR . R 2+ - B
RURZEYE +F G AL AT A, DIE B8 (R)
AR EEITRE) 5 (2) NS —MES0R
55 LA B A 0 e A8 BRI R AR E A = R (LA

1 kg hm ™3 &k, ZZ0E A0 ~ 240 kg hm™) fY3 7 i
(it 0T = - AR A = i) . BICA (3
Hox FORFPRLEAM ) L AR i i x AU
) Fglics (BIRA-ZIERA ) o Hp A (N)
JE A5 R E KA A% 43 34 4.87 . 2.37 Yuan kg™,
P #5 AA% EE R 2,05 CZRUIE R R A A% 359 20 TR Al A
Mhttp: //www.sn110.com/, 20124475 Hr k%
FF3ME ) 5 (3) XA IR B A R U i
WL g AT 2 T XS RUNE 5 v A 2 1] 1Y
PRECER , MR EIE ™ i EUIE A i R
.
1.4.2 ASTR] D 3l A A A0 5 by B 366 i A W 9 1Y
BB T ASHRSE LA P A g e
NE RN HFE b o AT 7 dak = ff g DX ™ db /4 JE IXC 7
T X 100% o A% SCHE T8 M 1 5 W5 428 00 O ¥ 0 o AN
7] DX Sl N 4 ) e S M 2 4 L e
PR it JE R b A 280l i R A TR FE R I FR 2407
1R 7= FLAS 1 B35 KU 1938 S L P, A — 2 1Y
2 3 P PN DR R Rl B 1 A R . BE T R0 P
Jirt B A 48 0 3K o it T A LR W . E R IEAAK
5 5% 43 Ak T W e A i KT B (R R B AU 1
), REEEHIEN, EEE/NFEYWER; 75
B R IR A A T E KRR, RIS
T JIE i 45 TAE Y E B s 7E RIS AL TR
RBARARACT I, SR & 5w, it T i K TR
W, TR TR MRS RO 1 g
BE =i e R, HAKRBEEME, A8 TR
ARES R s[RI SRR AE AT AT, T AR AR S
HRE A, DR A R R L MR e
SRR, AT Y AR B <85% (5t
BT <20 mg kg™ ), BEIE AR ON Y E R
L3£% s MM = AT 85% ~ 90% ( ol 4 54 sk
A F20~25 mg kg™ ), BEACHI A TED T E S
11565, T HES -1t P A E £oRIK M &
INFE - B RBEAEIR R, FLZ X0 - k7 Ak
TR EKF (23.5 mg kg™ ), BEACHERE L K
ZHIBIER B /NEZ b, I, KA/ 2Rk
JIEFH B R R VR A B A 1345, T oK R
NEF AR GE B s AR 7 BE>90% (5 L)
HRE>25 mg kg™ ), BEEHENEY W ER. A
RSEH R IT PR
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A ME F7EA = LR, W2,

AN [R) A 285 DX K B 7 o 5 B i 2000 —
201 248 A PR A WF 58 B4 A Sk 8 B £ 9 1 5
PAg . RACE BKR X A4 = H T 5 AF b 0 2
(P,05) H0.83 kg (n=426, n A% ) , #Ht
HEEKRKX H0.90 kg (n=39) , LILEEKKXNH
0.87 kg (n=429) (T T -144t L E £oKIX
TR R/ EH, B, AT
JEFERLH E BB, $20.56 keit) , THREE KR N
0.82 kg (n=238) .

1.4.3  AS[A] X080 AR #E 22 F o 003 T 58 ik EN
WEFE AN ] DI I ) 4 7 s 0 5 E A RS2 o 1Y
Jrds, KRN PE St 238 77 2800 Wtk 1 DX SR 1
o PR HETE N LA A S B A, 8 i e i S

BERE PR UEAVEY 7= i, [F] I A0 R ) P 2 45 i A
SHREREN, BRI, R E B

ABIEGE b DL A Al vp B AN DA Sy R
PL100% 3t o B (4 38 7 2500 = it 9 IX 77 2t /A it 4
X778 x 100% 5 K5 B34~ DX P A R 2 4 A &30
AT R AT, B RS BALEE it
P EAON (FPERE RN ) Z B CR,
Bff o X Bl A A i, R R

y=a+bx (x<c)
y=y, (x=c)

Ao, yAEIE ARG 2RO (%) 5 x RERIEH
(kg hm™) 5 a. b5 R AS it AT I 7= i R4k 1k
FEG cHPIBHER &, B LT B 038 50K
s v 0T RO

VE = it SO O C RIT R AR A Tt il i, iX 1.4.4  XECREC it Lo/ & N
F1 TR XiEEHEEYREH AL
Table 1 Number of samples of on—farm nitrogen, phosphorus and potassium experiments in 12 maize sub-regions
Regions AEAEZGR Y BRAERGR R ARACAD AR Regions FEAEGREE Y BRI AR 5

I-1 132 924 239 -2 309 1102 1094
[-2 62 645 630 m-3 17 51 51
1-3 126 632 632 V-1 78 175 185
-4 77 225 217 V-2 344 787 777
m-1 353 1552 1551 V-3 94 503 490
-2 60 101 101 3T Sum 1752 7081 6 328
Mm-1 100 384 361

(DNitrogen experiments, @Phosphorus experiments, @Potassium experiments

J7 N ISR AR AR SR 7 U 40 X SR A A
A 22 15 AR ) 2 4 o B - M5 0 7 e o 5 e
HERELRE I, AR 240 WU 454 A5 B G4 AR T 3
i IR, WL B0 R P OO A B L g LA
Fe BB REAEFE A, FE454 T2 50k X S8 i
J7 BAHE Sy e AR A, 1) st T A 7 4 A AR A
RAC S, SCELIK G . DR, B v AR B
AP B H B 78 KB E 7 A b, X343 X
Sk P, R AR KO R A
VEMIR S | S IS R B 25 3792 W7 258 81 ) i
WC bt — i A SR BTAORE, BN /NIRRT, RISEBE
KGR 3R B 0

(1) KREH#t. L RUIE s

“BEARfEE R . CPRABARRK R N A A A
8 NN B T N T S = W 7 2] = WA £
ESL IR DR RE T T, AR TH ST A
BERE I )7 AR LR Y, R A A R
B A B RN — o> EUICAE BT, HAR A
JEAE I AL . ARAEFEAC R, B . BIAYIC LR ikl
B AL T, I L A R A it A

RALFLE a2 . 76 T RIEFE TR, T
PEALA TR XA T - 1480 rp Jb 3B oK X A9 358 H
B R4 65 PIREERXAT 24 mH H £ KX
(OB SIER A1 RIS

— YR AR 7 R s A DR OIE R R A R X8
C T =2ZRdbE I EF ERIX ) | W IR FAER Xk
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(M-1PEIER IR RAER TORIX ) | AFMRENE
FAFAEX (T -14dbh i E £k IX . T -248
R FOKIX ) B — Wit AL A fE 7

BAFR AR B W BT A B DL SR 4 TR
(N+P,05+K,0) 45% K] (Br 7 ARIERIE A E
K X B — YR i A i 7 45 52 9% A ——2% 18 T 24 i
JE2JH) .

(2) /NVAE T 48 o AR ™tk KT 8 fic 7 e
FHAt . ARWFSE LU 45 40 T T SE st iy = i (B,
[F) — DX sl AN [) 3k 36 A e il A Ak L 7= i ) SF- 2 )
PB4 How s JELA B AR =5t by, 434
MR OPE7KE. QREKF . Qe
PR L @K, B R ARG R I R
1.5~23 t hm™ (WNFR3FR ) 5 BEF = RAKFH
o 0 AR AT R 7 b 398 o g /D HLE R

SRR R IR I K B X — U i IE T
R, HEREPEAUT, RKIEETKX (5105thm™)
BORIM30% UL ERETI 50 ~ 60K B 1= BA
Z; Pt HEEKRKX (>10.5 t hm™?) FIfEILE £k
X (>9.8 t hm™) , HWIRMN30% ~ 40% B K
50 ~ 60 KM EHEBRAR; WHILEEKX (9~10.5
t hm™) FEILE Tk X (8.3~9.8 t hm™) , AL
N30 ~ 40% B 450 ~ 60 KRR A .

2 45 R

21 FREIRBEABEFAS

P MRTNE 5545 2 [R] D5 I8 1) 4 75 H 5
(ME2CH R~ ) o UARIREEEKRX (1-1)
J il CInERARTR ) L 132 F AR RO R T
B T ) XS AN )it A S A (il A=
BRA-RIERA ) Z R REER (y= -0.225 8x°
+ 67.648x+ TE-1) , mUCiH8E A #5 RIEE T
it A, B XS AR HERE AN 150 kg hm ™2,
FEIZE FOK T XN B 77 5 8.85 t hm ™, BILA
A5 796 Yuan hm™>, A4 H730 Yuan hm™,
LA NS 067 Yuan hm™; [FFE, 3530 & 0
NE RO 50 AT 8 A o A B AR L th AL B oK IX
(M=1) Bk ENEHERE 2 AN 178 kg hm ™,
FEZI R K TR 7= 54 8.13 + hm ™, BILA
93 890 Yuan hm™, ZHEM A N855 Yuan hm™,
UL A N3 025 Yuan hm™ ( GIE2BRF R ) o 12
ATt BB DX R EHEFE A i ( LLAENT ) AR
150 ~ 219 kg hm™, JIACFEH K181 kg hm™, X5k
AR 225, £FAX EARILEE
KX (1) B (150 ~ 188 kg hm™) BEAIK
FHA X FEWIX E, P E R £k X

8 000
7000 - y=—0.225 8x*+72.518x
o 6000 “7E-12
£5000F
S4 000+
2 y=-0.225 8x>+67.648x
3000 F +7E-1
2000+ "
toool /..
(WAEEER L
5000
y=-0.096 7x*+39.079x
4000} +3E-11
23000}
=
§ 2 000F y==0.096 7x*+34.209x
> +3E-1
tooot - 5 /
0 ——.”x‘_—.—’—. ) ‘ ‘ 2@ N
0 30 60 90 120 150 180 210 240 o
FAEH & N rate (N kg hm™) = /
~~~~~~ EUW N\ Gtoss income = =F A< Fertilizer cost g
— &+ \ Net eturn & I KW 25 & & MRTN| -

F2 AR EHEKRX (A) R hIEHE KX (B) FARBUA . FIESA RIS S ZIE 56 R XA
KIRENEHEFE I (C, Nkghm™)

Fig. 2 Relationships of gross income of maize, N fertilizer cost and net return with N rates in Sub-region IT-1(CA) and Sub-region -1

(B) and recommended N rates for 12 maize Sub-regions in China (C, N kghm™)

http: //pedologica. issas. ac. cn



808 + %

E

52 4

(T11-3) f&%fm (219 kg hm™) , BB E ERKX
(I1-2) . RILEERRBIEAEERKX (1-2) f7
MR R ERX (IV-3) &kZ (5515189, 188
186 kg hm™) , KILAWEHEEKX ( 1-1) ALkt
FFRFEFEARX (1-3) BIK (45 H150F1164
kg hm™) , HABKIR AR R E S FE180 kg hm™
K.
22 ARIRXEBHEBEEZER=Z

2T LIE Y, AN [A] XR + E 3R AR 5
FEGT 7= 22 (] B AE G, Bl 1A A n 34 m
SRR DR X e R (AN ME 4R ) o
AR XS B AR = EAAE—E 25, RILEE
KX (T ) FPgAEAEFORX (1) /Y H s ™= w8
(9~105thm™) , FEJLEEKIX (1) AR EK
X (V) B Hbs= s A% (7.5~8.3 thm™) .
HAp R AR ERX (1-2) . PHIbgk
FEME A KX (M -3) Ffrde 7 # & £ oKX
(M-2) MHEFR™EE R (45710.5. 10.5F
9.8t hm™) ; RIABEELAKX (1-1) . &Kk

HFRHFEERKKX (1-3) . HRICEBREHEEF T K
X (1 -4) ML FRPAER ERIX (T-1) B
Hirm @Kz (9t hm™?) ; bbb E £ KX
(M-1) MPGR R ERX (IV-3) A HFR= 5
WK (8.3 thm™) 5 fIbmHEE FokX (11-2) |
VU ZE 3 R IX (IV=1) PG RG Ll e g oKX
(IV-2) BRI (7.5 thm™)

R Al T W 0 O, % S gl DX A X
<85% (B +IEARWE<20 mg kg™ ) AYXEL (fU4F
[ -3ARAEETREHFEE KX, M2t FH#EBH T K
X, T =375 b 2 P E R R K XAV - 10U 1] 73 Hh
FORIX ), SREUR PR I T R, X L
DX 3 A W E 1 R VR e R 134 s X T ki
XA P2 A T85% ~ 90% (5% + A 5w T
20 ~25 mg kg™ ) BYXIR QG T 240 E &
KX, M-1P5dE M R FAERERX . V-274r 10
M Frfg EKIX ANV 3P0 @ R £ oK IX ), SRIUGE
MR L R, BRI E M R R 115
£ (TR T - 14200 b Jb 3 K X 44/

x2 FREEXEBHEEEFRE

Table 2 Recommended P rates for different sub-regions in China

R X P Hbr & T A #E H =
[X 35, it A 5
Olsen—P Relative yield Target yield Optimal P rate
Regions | 5 Strategy of P recommendation 5
(mgkg™) (%) (thm™) (P05 kg hm™)
I-1 30.4+17.8 90.9 9.0 S TR Y 75
I-2 28.3+17.7 88.8 10.5 e R 87
I-3 15.6+9.3 82.7 9.0 ET AR x 1.3% 97
[-4 27.5+20.8 92.3 9.0 ST E R 75
m-1 23.5+16.0 89.7 8.3 Py e R Y 46
-2 16.2+ 6.4 87.2 7.5 TR X 1,157 74
m-1 20.0 = 15.1 90.4 9.0 TR e x 1157 93
m-2 13.1«11.1 82.8 9.8 ST AR L x 1.37 114
-3 16.3 = 10.0 82.3 10.5 TR x 1.3% 123
V-1 14.5+13.3 82.6 7.5 AR R x 1.3% 80
V-2 19.1 £ 14.9 86.4 7.5 TR R x 1157 71
V-3 22.3+18.1 88.0 8.3 T AR R x 1,157 78

e 1) -1 AE I  £R O & /N2 - HERAAEIR R, BRICHRETE b & /N2 - B Ry — B, g 58 22 i o 1)
BILNETE, W, Z/NEFFIC R EY G ERL3ME, B FKRFERIC W N EY i E 7 Note: 1) A winter wheat-summer
maize rotation system was adopted in the North-central North China Plain summer maize region ( [ -1) , P recommendation deemed
the two crops as a whole, with more P allocated to winter wheat because winter wheat was more sensitive to P than summer maize: The
recommended P rate for winter wheat was 130% of the P removal with the crop, while the recommended P rate for summer maize was just
the same as the crop P removal. (DP rate = above—ground P uptake, P rate = above—ground P uptake x 1.3, (3P rate = above-ground P

uptake x 1.15
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& -H KRR R, HIZ X R KA T
WK (23.5 mg kg™') , BEAEHERE LR £
MIBEIE R B4 /NE 2 b, I, B4/ ZERE
R R EY A E R 1.3 45, 2 R
A RED AT ER ) 5 X T B XA X ™ 52 >90%
(8 H A SBE>25 mg kg™ ) B (f45 1 -1
AR HEFET KX, T 2&K K8 E K XA
[ 4R A0 IR E B oKX ), SRECESRE 17 +
HENE Ty R, BEAC BN MR AL s A
12t BT X A B HERE & ( LAP,O511 ) A3 Fil
H46 ~ 123 kg hm™, JIBCFYEI K75 kg hm™, PEL
BEARX () BEACHEE S (93 ~ 123 kg
hm?) , RILFEEKKX (1, 75~97 kg hm™?) Fl
Pim EKIX (IV, 71 ~80 kg hm™) Rz, #ILE
FRXEAML (T, 46~74 kghm™) .

23 ARIRXBHELEEFHAE

FERX 2R IX,  “ZetE+FH7 A fE
HEAR I b AL 14 7 A S A I OC R (anfEl3
FR ), RIS, FR T K A A Y 5 7 e
FENTY% ~ 14% . W LM+ F &7 BATHESF)
AN TR D3 ) B e A B ( AKL 00 ), HARfRAiE
7630 ~ 64 kg hm ™22 ], IECELH754 kg hm ™,
RIBEBFEEKRX (1-1) . RILERBEEEXK
X (1-2) . KILETEHEERX (1-3) MK
JUR BRI R ERIX (1 -4) A4 IE S A & 5
WHk54. 60, 53M157 kg hm™?; AL htiE €
KX (M-1) FAdbp B E kX ( 1T-2) 18
JE B A 20 3 M 63164 kg hm ™5 PHIL RS 37 A4
HEEKX (M-1)  JE7EREEKRX (M-2)
AP 2R PN HE I EOoRIX (-3 ) A9 81 A e 3 H

140
120
100 o— 9%
80 | )
3=0.16x+100(x < 54)
60 - J=109(x>54)
40 L R=024 L
20 | [-1 i

0

R*=0.30

1=0.28x+100(x < 53)
y=114(x>53)
- R=0.42

140 [
B 8 o 2 8

120 g

100

3=0.12x+100(x<57)

1=107(x>57)

R=0.16 -
[-4 L

L »=020x+100(x<63)
y=112(x>63)
R*=0.50

3=0.19x+100(x< 64)
F )=113(>64)
L R=0.74

i
8 OF ®

y=0.15x+100(x<45) i
y=107(x>45) F
R*=0.26 L

PP 38 Yield response (%)

3=0.24x+100(x< 56)

3=113(x>56) -
R=034

y=0.22x+100(x<30)
y=107(x>30)
- R=037

% 8
[elSl

3=0.19x+100(x< 60)
3=111(x>60) -
R=0.38 -
20 L N‘] L

o8

oW EPE- =
OO0 DB

y=0.25x+100(x<48)

=112(x>48)
R=0.44

r o y=111(x>50)
- R=041

V-2 V-3

0 1 1 1 Il 1 L
0 45 90 135 180 225 0 45 90

45 90

135 180 225 0 135 180 225

HEF & K rate (K,0 kg hm?)
I3 AN [ DB AE o 5 8 7= 5800 =2 ) ) G 3R

Fig. 3 Yield response and K application rate in the 12 maize sub-regions in China
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¥l

9 45, 56H130 kg hm™; PUJI| 73 4 E K X
(NV-1) | Pipgihth Fepz KX (IV-2) FIPim
R KX (IV=3) (80 IE 5 A & 43 01 S 60
48F150 kg hm™,
24 AERBABRARNBEFER
MR, B4 E E K 1248 7 XS
It T I6ANERHEC T, I HAS ) DXl 04 AT i
FAMEER, HPhaHEIE s 4ty U
Beor124: RAEBHEHFEERX (1-1) . &Rk
BHEEKRX (1-2) . RILFETFEEEKRKX
(1-3) MAIRBEREEFERX (1-4) M
J o 14-18-13, 15-18-12, 13-20-12F117-17-
12; Adbh b E £k X (TT-1) F4EJbpE EBE
EKRX (M-2) WAL M18-12-15M118-15-12;
PEILF R REREERX (MM-1) | b #EREE
KX (M-2) FPGILeg A ok X (M-3)
BB 5 43 9 15-20-10, 13-22-10F117-23-6,
PO £k X (IV=1) | PUpd i B g £ oKX
(IV-2) AP I ok X (IV=3) LT 53 51
H17-16-12, 20-15-10F119-15-11; X LE )i
A A, AR AR B B LA A, AR
it 7= B KOV A L B AR A (IR 3 TR )
WA, YR BRI AE T . R B
W (REWMSE. AFHRKES) , A4
WX BT — WA 744, Hop e xR
LR REERX (1 -2) #3717 — Uk i
J729-13-10, & BAE A A0 55 1 38 A0 — Wk it
FCRE R AR 4 7= AP SEAT AR R ), 7F
e (10.5~12 t hm™) FI#EE (>12 t hm™)
TOLT, WOREEE W R Rt , ZERA
30% LI BRI 50 ~ 60K EERAE; 5t
Qe dEEE Tk X (MT-1) , EIemHE Tk
XM =2) Bt T — vkt AE A9 B2 77 49l Sk 2.8 -
T-9HI26-10-8, i FLAE Sy 0 B 38 10—k vk
W, R KE 8.3 ~9.8 + hm Y, AT LI
JN30% ~ 40% B R150 ~ 60K R BA X,
M=t 9.8 t hm i, @I IN30% ~ 40% 7%
R A 50 ~ 60K 1Y G245 B R R LURBE £ R AR KA
WA B R BERE s EF X P AE W 3R BAE R EORIX
(M-1) &3 T —&MEE IR EC T h26-13-6, &
BAE A S B A — R, Y KO
9.0 ~ 10.5 t hm i}, A LLERAN30% ~ 40% B H
50~ 60 KMEHERBRAR, Y- ®mMlil10.5 t hm™

i, HIIRN3B0% ~ 40% B 50 ~ 60K 1 25 45

3 ¢ %

3.1 XFBEFESEERENERKERR

AR SCHF e 45 AT, X ] 5% 04 1 P B A7
TERA 22 5, oM T X AL IR AE /1 . IERLR
o7 7= s K R S . X ] A AR AR i 22
SRR A e 22 RO B . ARIEA
H T K X AL T2 T K XA R0 HE 77 F
T IAB DI, 3 0] il 55 30 4> DX 3 3L AR g
JIEERA G, XA XA A BT T4 40 )
#9379 g kg™' (n=845) , 24.8 g kg™' (n=492, ¥
PRI ) o AR SRS IR RS R 2 EA
FRIRFR T SR R R
BBy o VAL SR IR AR T oK XA RAE 17 F e e
B (N 219 kg hm™) , 5K M EARP=RAKTH
f (105 thm™) A%, ZHXERIEZEK. JLE
Fo R R R B, 5 — 05 TS X
) E LR BE TR & CGRIX A P38
13.7 g kg™' (n=41) , AL ) .

AN T X35 P B A 5 1 5 1A Ol o A
R CAEAFTR ), Bl ORI = i B 25 A 4K
BRI . AT AR TSR N, A Ak
it EE P IERRCOT A R S, T A AR
RFEEE b2 BN U K k- g2 ( n gk = s A
IREBUTIGEAE I B R A ) o AR R LY
JbFHFFEKIX . PUrE E AR X AR T 555 E KR A
At R K X - Rl AT Ak R X A AT
K (£2) , TEIX I 5 2438 i w A 4% A LA
P AR Ty, PRBE R AR T AR AL
A5 - Sl i A v %) DX T R A o B A ) A LA
e 2 e Wl N R FH AR RN DR AP A 85

VG b A oK X0 I8 4 #E H = AL (K,0
30 ~56 kg hm™) , 3% 51z X e (1) + 355 0L Ry fig
T EAE (FENH,0Ac-KH142 mg kgfl, n=
1529, BEAIH) o Wads U 03 E oKk 4
NERE BN SR, PEAE F KA 7 ROR B
b DI, i I DX R 1 7 R0 AR TR 3 B 2 KF
3.2 XEKEAAEIT

H T3 A B2 1 By 2 OB A B
PRFHRAE BT HL BT BB /N, R I R 3T Bk
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Fig. 4 Relative yield of maize as a function of soil extractable P

in the 12 sub-regions in China

PEAT S I BEBE R 2%, SEBRERAE A — S X
e, B, B XRAR A | 2 R R R s 4
GO, BATRM T KA. AN 5K
B A (242 3 TR EAMEY, WA, &
B HBIE AN A S R 2 AT 5544 BRI R4 5
TE3 X B L0 1, PR IX 35k P 4 392 3% 28t 1 4

it . AEPISR TR AVE AL L, 45 "R R E
W R, BRI EE T CHE

ARG IBE” R T R BB i R4 YRR
CEAE MBS AR, SRR B AP
AR, KRR Y, RALIEIR
() NEVERH AR, (7 AR G e A
T AL IR SS . ORE AT A7 200 ek 2 S [ A 1 e I
KA MR AT IS, DX A (1t
A i T

BRI T A A N R I R
A T 00 T ) A S B A3 214 L] ) —
HRA RN R IR, FEAR IR R . B SRR
FU AR I E R I Ty, AR A AR B AT, X
TAEKWEK (1 RIbEERKX, MEdLHEEkX
X ) - 3EAE Fy A v i KB (T — 14 b rh AL 3
HEOKIX ) TS 2 R AR HE I B0 Ll 1) (58 L H
4:6) 3 AT bR I A 1 A 7 AN SR G X
B CIV PG R KR T 248 030 5 oKX ) R
YRR L) (S B RS 2 5) 5 I3RS
) — M A £ L 09103 7 i A R s U5 4 B
i A BRI N S B AR P AE — AT
XA T — UM A P B . R Y kA
7 H i IR BE T ) F A5, {EL7E— 26 - SR AR
BEREF . AEF IR . P KOV 4 e kT K

BRI, —wEEH & AR GG, &
WF5T 2 A X R IE B A a X4 (T -2 d6E R
HEEAX) bty TREWFEMXE (MT-175dk
MAFREREEKRX ) | AT RN E FRFHHE X
(M-1fdehdb B Tk X, T -2MBdb w3 E Tk
X)) e T — W A B A py it DA R S ET R
KPR AT 7K .

FE 124 T K i AR WP X A6 A 22 T 1677 X 3 e
BHEC T, IS 124 3B 45 A A0 T /Y B 7 fa s —
YR AR L Ty o 33 2 [X 8k K i 48 25 3 1 Ty 1
Bl MR AL A = AT AT, R e 7 R X sk Ak
TR AR AE P IR B ZE G, OBA R TR
Rl 2 5 R, fERE R AR R 2 S
) = e i S S SR ) DX sy T, 52 By A ) KR
B L RVEFEHE) MR, AR T IER
RUEE 50048 G R I 2 045 il DX 38 PN 5 43 1) # A
FEH T, IR DX E] AR R IR 43 4 BAS A LY ]
B, R BT L Sl p e &2 A AR R D7 .
33 MNAEMAE

bR, A RIERME D). i
I BAED B SR — 2 A8 5, BV R BE I 76 1
H R ol 22 2UOAH e MR E Rsg ), A 45 1
SOV B BT AT AE XK i FE Atk it </
PERET LASC P B RS B R . R B 7 KO R
BETIEH S, RIEEMAERKSEFRSH ., [EE
0 A S8 B 3 BT AR S A, AR B ik
TERNAE rb 38 > e i Wl A R AT R A, R T g/
YEYIE SR W A o h o e R 45 . AR il i
HR A 7= 1 7K 7 P8 2 e R B RS B R R A K H
“ONJEEET 7 2R b T X e AR AR FE T A S B g
TR o YR 50 T R AL 2 B 27 i AT Y 5 22
HOIS MR, B EY = s, %507 K 1ok
SAER AN . BIAN, Hou 45 V% 3@ ik KRE AR B
PR R, BEXREA™ TR (N) X
17.4 kg; T3 V0 WAL ERIGBISEERY, 45
A7 PRI A (N ) #o17.5 ke, PIIIIFSRY
T Bt 25 7 e A 0 L R St [l AR B,
WENFREOCR . AR ERY, RIHFEFEKRXE
A A T RORPRLT B (P05 ) H40.83 kg PHILFE
FOKRXH0.90 kg, BILE KX H0.87 kg, PIFS
FKRIXHK0.82 kego BB, Bl 5 1445 40 R AH N
RS FE . AR, BEARENLS o
H, BE5 IR A A YN T75 ~ 120 kg hm™, GEAE
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Table 3 Region—specific fertilizer formulae and fertilizer recommendations for the 12 maize sub-regions in China

5l HEREBL Ty v e RN (R AE ) B (RE) Ha
Region Fertilizer formula Yield level ~ Basal dosage ( special fertilizer ) Side dressing (urea )
( N=P,0,-K,0 ) (thm™) (kg hm™) (kg hm™)
[-1 14-18-13" 7.5~9.0 347 ~ 417 166 ~ 199
9.0 ~10.5 417 ~ 486 199 ~ 232
>10.5 486 ~ 556 232 ~ 266
<7.5 278 ~ 347 133 ~ 166
[-2 15-18-12" 8.3~10.5 362 ~ 461 189 ~ 241
10.5~12.0 461 ~ 527 241 ~275
>12.0 527 ~ 593 275~ 310
<8.3 296 ~ 362 155~ 189
29-13-10%’ 8.3 ~10.5 488 ~ 621 0
10.5~12.0 621 ~ 709£ 0
>12.0 709 ~ 798£ 0
<8.3 399 ~ 488 0
[-3 13-20-12" 6.8~9.0 368 ~ 490 154 ~ 205
9.0 ~10.5 490 ~ 572 205 ~ 239
>10.5 572 ~ 653 239 ~ 273
<6.8 286 ~ 368 120 ~ 154
-4 17-17-12" 7.5~9.0 366 ~ 439 205 ~ 246
9.0 ~10.5 439 ~513 246 ~ 287
>10.5 513 ~586 287 ~ 328
<7.5 293 ~ 366 164 ~ 205
-1 18-12-15" 6.8 ~8.3 307 ~ 375 200 ~ 245
8.3~9.8 375 ~ 443 245 ~ 289
>9.8 443 ~ 511 289 ~ 333
<6.8 239 ~ 307 156 ~ 200
28-7-9 6.8 ~8.3 526 ~ 643 0
8.3~90.8 643 ~ 760 § 0
>9.8 760 ~ 877& 0
<6.8 409 ~ 526 0
nm-2 18-15-12" 6.0~7.5 400 ~ 500 170 ~ 213
7.5~9.0 500 ~ 600 213 ~ 256
>9.0 600 ~ 700 256 ~ 298
<6.0 300 ~ 400 128 ~ 170
26-10-8>’ 6.0~7.5 578 ~ 723 0
7.5~9.0 723 ~ 868 0
>9.0 868 ~ 1012& 0
<6.0 434 ~ 578 0
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]
Bk HEFERC 7 FERKOF B (RS ) i B (RE) M
Region Fertilizer formula Yield level ~ Basal dosage (special fertilizer ) Side dressing (urea )
(N-P,05-K,0) (thm™) (kg hm™) (kghm™)
m-1 15-20-10" 6.8~9.0 338 ~ 450 183 ~ 245
9.0~10.5 450 ~ 525 245 ~ 285
>10.5 525 ~ 600 285 ~ 326
<6.8 263 ~ 338 143 ~ 183
26-13-6" 6.8~9.0 519 ~ 692 0
9.0~10.5 692 ~ 808 § 0
>10.5 808 ~ 923& 0
<6.8 404 ~ 519 0
m-2 13-22-10" 7.5~9.8 395~ 514 189 ~ 246
9.8~12.0 514 ~ 632 246 ~ 303
>12.0 632 ~711 303 ~ 341
<7.5 316 ~ 395 151 ~189
m-3 17-23-6" 8.3~10.5 410 ~ 522 221 ~ 281
10.5~12.0 522 ~ 596 281 ~ 321
>12.0 596 ~ 671 321 ~ 361
<8.3 335~ 410 181 ~ 221
V-1 17-16-12" 6.0~7.5 415 ~519 160 ~ 200
7.5~9.0 519 ~ 623 200 ~ 240
>9.0 623 ~ 726 240 ~ 279
<6.0 311 ~ 415 120 ~ 160
V-2 20-15-10" 6.0~7.5 363 ~ 453 155~ 194
7.5~9.0 453 ~ 544 194 ~ 233
>9.0 544 ~ 635 233~ 272
<6.0 272 ~ 363 117 ~ 155
V-3 19-15-11" 6.0~8.3 364 ~ 500 147 ~ 202
8.3~10.5 500 ~ 636 202 ~ 257
>10.5 636 ~ 727 257 ~ 294
<6.0 273 ~ 364 110 ~ 147

TE: 1) FRAEREE Gt 7 U T G Ty, SRR RIS, KM BB IR R ( 1 -1RA6R B R K T LR R K )
2) FE— WAL Uy R AIEC Ty, FEAE SR W AE — AL TR A s £ 7 HE P 2R A 30% B M50 ~ 60 R e REA R s &L
IR WA 30% ~ 40% BEHUYI 50 ~ 60 R IN IR AR s § B L AT LA 30% ~ 40% FEHUY N 50 ~ 60K I Z A B A 3 Note: 1)
Refers to the formula of fertilizers applied as basal and top dressing, where for basal fertilization, formula basal fertilizer was used and
urea was used in top-dressing at the V12 stage (but top dressing is applied at V7 stage in the cold sub— region in the Northeast China
(I-1) ) .2) Refers to once for all fertilization, either as basal or sidedressing at the seedling stage. £ formula fertilizer should contain
at least, 30% controlled-release coated nitrogen, 50 ~ 60 d in release duration; & formula fertilizer is recommended to have 30% ~ 40%
controlled-release coated nitrogen, 50 ~ 60 d release duration; and § formula fertilizer may have 30% ~ 40% controlled-release coated

nitrogen, 50 ~ 60 d release duration
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JRETIHEINS ~ 45 kg hm™; 25— Wit AR fic 7
B, FHEATHE 135 ~ 165 kg hm ™,

[ AR SCIF 98 R BT, R E 37 40 7 oK 1 i 3
FAERIF G A E T REN ., Hiltn, &g
KB K AR S5 R R W L K= 1 16% T2
R4S %; TEAARS Y sk R, i )g
Wl E R R A E W RS S R
40% ~ 48% , TE—WPERIFH AT, il H 2 /45 8
RIEAER TAREMARRUAM ., Hitt, 7fE4™
S AR B E SR, T A — M AR
T N 3E A A I R LA 1 G 4 R R R DR R R
ZMEN EORIE WIR AR R o 5 R IR R A% — g
TR EZEERE, &YW RR Z N B A
AR PRIENE AL A A 2 108 35 HL AR A% LR IE AR e £
A4 V2 HRIE MR B K B RO M 60K 1
F B IR 25 MR B 30% AT 3 is i . A
o, EEX— MR TR, TR AET,
ZKILFEEAK (>10.5 t hm™) , ZEREM30%L) |
BT 50 ~ 60 RN EHERAER; WHALE KX
(>10.5 t hm™) AEILE FKIX (9.8 t hm™)
B IM30% ~ 40% BT R150 ~ 60K (1 92 45 B A
Z; PEIEHEEKRX (9.0 t hm™) FEILE F KX
(8.3~9.8thm™) , ATLAAIN30% ~ 40% FE i 1Y)
H50 ~ 60RIMEHERR K . 16 LI LRI ™ f/KF- i
TrosE i BEml b, FEA S Fnah Ty (kAR Y )
T DAARYE -8 . R RE A DU R SRS Wit — 25 A
H KRR R R AR, LSRR A
2 —5, BB K AL TR AR 35

4 4 it

3 [ 5K 124 i A IV X A 008 4 7 A S 2
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MAIZE PRODUCTION REGIONS IN CHINA

Abstract

Wu Liangquan' > Wu Liang'

Cui Zhenling]

Chen Xinping'"  Zhang Fusuo'

(1 Centre for Resources, Environment and Food Security, China Agricultural University, Beijing 100193, China )

(2 College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Application of fertilizers, unreasonable in rate and formula, has been the main factor

limiting maize production. A large number of on—farm fertilization experiments have been conducted on maize
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across the main agro-ecological regions of China, and large volumes of first-hand data were collected for
analysis in this study to explore region-specific optimal NPK recommendation (including rate and formula )
in anticipation that the study may provide some technical support to improving the maize production in China
and a theoretical basis for designing region-specific and crop-specific fertilizer. Based on the county’ s GIS-
based agricultural statistical database and relevant literature, the maize production areas in China were
divided into 4 major regions by geographic location and production layout and further into 12 fertilization
sub-regions in light of climatic, crop cultivation, topographic and soil conditions. Meanwhile a total of
1 752, 7 081 and 6 328 groups of on-farm N, P and K fertilization experiments were conducted all over the
maize production areas during 2005-2010, and results and data of the experiments were collected, sorted
and collated by fertilization sub-region. Then, sub-region-specific recommendation of N rate for maize was
worked out using the N fertilizer total amount control technique and proper ratios of basal/sidedressing were
determined in the light of the features and production practices of a region and nutrient demand of the crop;
sub-region-specific recommendation of P rate for maize was, using P building-up and maintenance technique
and sub-region-specific recommendation of K rate for maize, too, using the technique of yield response to K
application. Based on the technical approach of ‘regional fertilizer formula plus site specific adjustment’
sub-region-specific fertilizer formula and application technique was designed for all the maize growing
areas. Northeast China ( Region I ) and Northwest China ( Region Il ) was quite high in maize yield,
reaching 9.0 ~ 10.5 t hm™, while North China Plain ( RegionIl ) and Southwest China ( Region IV ) was
quite low, being 7.5 ~8.3 t hm™. For the 12 sub-regions, the recommended N rates were averaged to be N
181 kg hm™, ranging from N 150 kg hm™ for the cold sub-region in Northeast China (Region I -1) to N
219 kg hm™ for the irrigated oasis sub-region in the Northwest China ( Regionll-3) ; the recommended
P rates, P,05 75 kg hm™ on average, ranged from P,05 46 kg hm™ for the north-central sub-region in the
North China Plain ( Regionll 1) to P,05 123 kg hm™ in the irrigated oasis sub-region in the Northwest
China (Regionll-3) ; and the recommended K rates, K,0 54 kg hm™ on average, ranged from K,0 30
kg hm™ for the irrigated oasis sub-region in the Northwest China ( Regionll-3) to K,0 64 kg hm™ for the
south sub-region in the North China Plain ( Region Il -2 ) . For the 12 sub-regions, a total of 16 region-
specific fertilizer formulas were worked out, including 12 formulae with basal plus top-dressing fertilization
approach and 4 formulae with only basal fertilization application. The regionalization of maize fertilization
can well reflect the layout of maize production in China and region-specific climatic, topographic, soil and
relevant crop cultivation conditions. The significant differences between the agro-ecological regions in maize
grain yield and recommended fertilizer rates reflected the specificity of each region in soil fertility, yield
response to nutrient application and crop nutrient demand. The region-specific fertilizer formulas designed
on the basis of the region-specific fertilizer recommendation and characteristics of the regions well match the
maize productions in the regions and optimize regional fertilizer application techniques. These region-specific
fertilizer formulas will play an important role in guiding optimization of compound fertilizer products and
provide a theoretical reference for designing regional fertilizer formulas for relevant crops in future.

Key words Region; Optimal nutrient rate; Regional fertilizer formula; Site specific adjustment;

Maize
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