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WA RN AN [F) B A I gy 25 S 5 i e A 1Y)
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TR B 9 FIE R 2807 R BT 14 7 0 I A A
T B A S 5 I B R T R 5 T A R
PRI L R 7 DX R b 17, L T e g 9 5 it R
0 5 BT B ke AR 0 LA i LR S fl
TEAR 24— 30 43 FH e AT 5 30 S #e WL 4 G e
R T T e i IR, B % 7E R W) e it AR
[ FE Ak A BERE T S BR b 7 4 A b v 5 A
Mt AR P B HIE R KB E RN T X
SR TR) P e By - S A g 24 S T B ke P ke - A g
25 SRIHE AR T Ve B AL B, R A L i
A P D D e o 5 57 5 2%, T 0 % 1T e o A
B J9 T B0 T B e 9 (AT AR B Y H A
B Y ) VE R R AE AR B 0 ) 2% S i As
L1.2 HZFHAHEE(NRD) RS IRS T
Ul AE AR S5 b AT LA R — b i 8 0 5 3R 4y
(K45 g, A6 S (7] FE 4y A ) 38 vl , 0005 7 3% 1)+
VA3 22 /0 B A 4 186 T 2 i 7 1t N 9T 22 A e i i)
R 15 Bk e 2 T X R % R 4, o L
O+ DU R O A R R R S A
A 2 2 T 4% A B B TR R R

R S B VR WM 3R 5 B Hh i A
Cy, A T IERIAERL R R Fy 0

REHKEFEE(NRL) =F/Cy

MG A 04 4 i 4 — i L+ R G as Ao
MA@ A BRI A (F), T8 A
(Sy) FFREL I 5 A B R (B, B35 R HTIE
R R TSR R AL R AT A A A
Byt R AR LA VMR R (Cy) L R
(Syo) I A M [ BRBEf o W9 R (E L, 152 1L 72
VB IR E R R R AR IR R ) |

WA SR 1 BE A0 M, TT LK 44 B 3 2K
(1) @8R L5 BEARHENT , B AR IEY A3 A
GRORZS” 5 (2) 2Kl 4 8. HAMEY RGN, A2 T
AR 36 P 10 6 UK 05 (3) Aol 4 358 < BE Al 1R 4
SUMEAR . RHEAUE B AR R el g
EEAREEFFAERR RS, KA S5
R A R R 2 R A R (E )
HARH R (E o) 5 080 B9 Al 1 398 v it 280 a6 9K
3 A B 0 ) R A R AR A A, A
PR 2 ki A Bl AU A (AR o

PR - 75 A it 2 10 b 3 v, b S BR )
AR N TG, BIE =B, o 7E“HR" 5
i, R B AR A (Fy =0) , OB A PRIk A
SHI(Cy =0) , HE R B R BT SFAE SE 2 (Fy + Sy,

+E 0 =Cy +Syu +E ), Sy =Sy, BHER R}
Fev i, BAc R, BAR A LB A& A
(Fy=0) HIEWA —E WK (Cy = Cy) , IR R
BEAN RSP IE R, Sy, = Cyp + Sy, , HHER R Tk AR
RV Al 3 rp, UL A9 #5523 15 i - 43¢
R PREE A e R PR R I AN B,
T BRI ] - Sy AR BTSN E o (00 B> H R
FLAR it o DX B B ) 2 e ), A g ) B A e e
FIG N AE, =E - E _, RGP i E A Fy
+Sy +E _=Cy+Sy, + E,,UAFH F, +S,, =C,
+Su+E . —E_, Bl Fy +Sy, =Cy +S, +AE,
PR, S PR Al 3540 46 A0S R B0 CED S,
=Sy, ) AT KT

F, =Cy +AE, (1)
(1)
Cy/Fy =1 -AE/F, (2)
A8 A R HB TR EC(NRD) (195E 3, WA
NRI=1/(1 - AE/F,) (3)

1.1.3 XU & 3648 80 (RNRI) B (3),
NRI [y K /N T AR /F, Hi AR, S2FR R 2 i
P A, AR R A S 2 R A 99 R 1) B
BRSNS A3 (B 20 el 2k i R IX R R
- AHA R AL ), AE/F B E R E
KhAERNE S (RBEEBELE) . AEG KR/
IR T A AR 0 I AR B AR s
NRI /N 5 e b 4 55 58 3 e o i P 5 At s P
Ja W AE R TE PR R B3R 5 A ) SR i
AR AL 35 43 5 03k B A B 45 ) 5% 43 A A BRI
NRI =1, [P, 5% i it AP 5 A 56 0 25 S0 i PR 22
AlXE NRI W{E = A g g, 38 S R 9 Al /IR
il JH 5 AR 48019 446 X 451 2 At A, PR MG 7E R [
X IR 28 R vt 2 R 2 S o B A [ — X sk
B9 A [ 45 FL R v PR Rl 25 e kR
RAE ] — Al DX 3R ) ) — 41 07, 3 88 PR 2R 19 728 S 4
BUN,RZEE R e Rz X
REGHR R, i B0 A R 8 4 BRI
ISR B I A5 B (RNRI) |, LAt A X R

W AE AT DB o A AEy = E, - E_ it
FEATH R KA T R EY (5 PR b
B 265 R ) 9 3R 40 e 0 o8 A BOh (2
AR R RS- AR A ) o 38 E AT DL X
N R 0 2 W D B, Bl DL 22 A D) 5 SR S
TEH FLAR B £ R S0 F DUite &AL B 5 O il 2 Ab #
HA R IR Z 2 il AE
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L1.4 7 T3k R & & (Ny,) EREXE
W R R E RS B T s & 05 = i i BT A R Y
REFR &, SEWRBMBFAE L, 0T wkk
W RS 5 7 KT A A O, X T IR — XY
6] — V9 it B &, A [\ 7 K SF T B T v R R
W ZR R AT DAAH 2518 K 5 77 5 i S 35 A0 O, WnAE UL
A B, X AT RO R A R E L, A T
FFRLIE i N 7E 1. 17 ~2.90 kg Z[A], H N, 5 #f
R 8 Y, (kg hm ) fF & F ALK R N, =8. 67
x107°Y, +1.161,r=0.828 0"~ '""" |
11,5 FH el 5 it 20 it i 3 3 e YINEEER
PO FEAE ) B9 A R H I8 i A & (RNR) |, AT AR 4fg 32
HE DX 3532V P 1) DX 8 260 2R U938 48 %5 (RNRI) (3% M3
FRAE X AAE Y 0 B AR 7 & (Y,) M EY A T 5%
KPR A HE AR (N, ), H i T
RNR =Y, xN,,, x RNRI/100 (4)
M (4) 7T LLE T, B H S i AR H 8 il A&
H(RNR) 5 HAR ™ & (Y,) (A T 50 kL A iR
(N0 ) FI X 35k 2 K 938 48 0 ( RNRI) = AN RECA G,
BAT A 5 B e T A T B IE Dy 25 5 L A ARR I
DXCBURE s o BT Ny AT AR AL Y 1 bR 85, RNRI 7
A Al X IR AR AT R R — AR B R R, R,
FIHIEC(4) AT DL Y AR Sy i — 722 o X6 B4R FH B gk A7 it
REHESE o T BUR AL, AR SCAE 5 T ) 3% 5K
ok ERITERRZ N AR N R 80 , AR N
WA BOE M M A AR AR B A& .
1.1.6 X% FIHif A & (RNR) (& 1E Al
A RS A I T B 28 Ok 5 Y R AR T, A W [
R T BE 4 et 2 AR AEAE I (B DL AR
AR v oA K I R AT R T RN AR A R A L
(R SAE P, PR 7 X 0 K JH iR it %0 ( RNR)
HEATAE IE o % 38 028 1 5, 5 FF 0 R 2R 9 [ R 3
J& FAMEAHLE , 025 1 f A AL 5 A BE R
H—FR oy, WX — i A fE R B Mk S,
I, A0SR AN LR e & kA U (B R
W MBI AR H 8 i A
RNR =Y, x N,,, x RNRI/100 - W (5)
1.2 |EFXRBHEVNA
TE VL5 48 A Hh DX 7K e R X 35 (119°08" ~
120°37'E,31°09" ~32°02'N) H1 HL T Ja] Hb X {14 %5 43
KRG Fh AR X 358 (119°08” ~ 120°56'E ,32°12" ~32°50'
N AVE R A 5% X35k, A 45 VT IR 48 95 M T8 L8 M A &
A E YT 3 2R N RN A 3 4 e X, [ R T
AT R U S0 RO P 3R, I+ TR AL |

SR R AR AR B R K R A i AR T 15
= K A — 20, B8 8 46 W #air £2 A
i, DU 243 W] 5 AR R 3 5 16°C Rl 14.5°C
AESE R RE K 435020 1 181 mm 1 992 mm , A% SO
BTN TR — K AG Fh A X Bk, F 2003—2010 4F 7
WF 5% X3 Py 2 4% 45 A~ KR He (I 18 Ak B R
W I ) 2 M T ALY T, 27 Aok B BRI IR Y
ZEIMTT) 430 LA R 24 7 bR 503 R0 2R H I 4 ARk
AR it Bk AT AR R IR R L R
121 RO R A A L, 45 A4
R B R 2R 30 1) B AR R LR 112 4R 2005—
2007 AEAEZINFEAT Y 8 AN il AU KT i 7K A ik 5, i
AR N 0.112.5 150 187. 5 225 262. 5 300 ,
337.5 kg hm ;15 4~ 2006—2009 4F 7 7 M| ik 17
1) 7 A it KT 1 K R S, i Ui 4 o N O
71.3.142.6.213.9 285.2 356. 5 427. 8 kg hm ;6
AR 2009 AEAEFVL AT 6 it UK ST 1 7K R i
o AR B N 0.129.4 194, 1 258.8 ,323.5,
388. 1 kg hm ~* 51 4~ 2010 4EAE N FEATHY 7 it
RV 1 7K e ik 9, i &0 & 43 % S8 N 0,75 ,150,
225,300,375 450 kg hm " ;11 451 A TF R F M B
BRI T B . KR BH R B AN, H
b R B AT 3 U, NX AL 12 ~20 m® i
BLHES o /N DX Z [R] A 88, O HL 90 ) 3 I AT o 4
T PRIE £ /N DX B HE B 25 A B BT I 3 R —
YR B i, rb 2 o % 4k g b i OIS B 4 ) o
P,0, 120 kg hm *F1 K, O 187.5 kg hm ~*, 75 JH 1 4
YAy B 5 B A H & 4 B ok P, O 60 ~ 90
kg hm > F1 K,0 90 ~ 180 kg hm ~*, (B8 A0k} 5 A
IR R (8% N 46% ) % id o 9 R 55 (& P, O
12% ) VEALH (& K,0 60% ) . ANz 4 )
it P S 2 3 4 B I - BE A fE AR : AR AR
AR LA 5:2:2: 1 BHYL A LB Oy 3.5:2.5:3: 1, 5 M
WL Dy 4:2:3: 1, ZKRS & R R 24 db 1 3 4% 88 A
T

N RN PR, TR B A T A . R
P 2 2R 7 e A K RS T R — o R
LM INT S A I 28 AR OC R EUR R B i 3 5L
2 0 R 800 R SO Ay A it R AR Y el 3 B AL
& (dy/dx = px/py ) B S AL BRI [A] H B i A 4
Uit R MR AR T i
1.2.2 AERH&FEE AR Al X3 P ol A K A
MR R B XA R I A F8 80 (RNRI)
(1) R E G R 3 ARG AR Ik B2 R i 4 452
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(I 58 45 55 WA 1.04% ~ 1.93% F1 0.43% ~
1.15% X920 1. 14% 5 (2) 2 4% K il 2k 3 AR i
X5 A A0 A 4T R HIF g 4 R A ok
7.30% ~ 9.35% F1 20.0% ~ 21.1% , ¢ ¥ K
14.44% 5 (3) 42 W0 v 2 3« AR Hls i ) 20 252
FAED B BE S 45 B4 3k 0.78% ~ 1. 66% Fil
1.14 ~1.52% P340 1. 28% ;5 (4) B Ak- B fiF Ak i 4
KR MR Zhao 251 Ju 45U URIF LA I BESE
SEIL R0 T IR 2 R0 i - B A 28 X Ok 3R 4y
K 22.0% 36. 4% 1 18.0% , -3 H 25. 47% |, 1iif i
2T 25 A AT 5 D) 2 WA A 28 X 40 45 TR 31, 68% 3k H +
SEARJRE P Rt AT B R R R 2 R T -
FAH A e ZF- 14 Ry 25.47% x (1 -31.68% ) =
17.40% ., 231D & 4 TRS B 02 10 0%, i X3
MG BE 25 F KR X A Z i it 2k R
34.26% AR5 (3) vl i 0 XN T R
RV 1 KRS XA 2 I3 i 45 % RNRT 2y 1,52,
R AE 5 X3 PN, b ORDRE R UK S A% 1 kg N Oy
PR R R M i AN 1. 52 kg

MR AR b B 09 T 5 KPR LA (N ) FAR
EA DA AR H IR & ITEIME ERAR A
Wit L (RNR) o AW 3 LS 22 58 18 o 32, F i
FE RS FF BN /INAE | TR T TR 5 2% B /N 22 A5 FF 1 - 3
TR 0.65% " N IR 6 000 kg hm PR AT 4
R T 1 R AT I R ARE A ZCE o N 39
kg hm =% 5 LA RS F A0 A= P [ 40 B0k AT A A i A
WL AR AR Z7E N 30 kg hm 77T HIEGSIE X 8 P
KRG K 253 oo A R 3 TR A g 1 R0 RS A Ak
BAHLALI N N 69 kg hm s S HEHF 5T, if HAS FF b
P 8 e Ak E AN R EUE L R R A 10.3% ~
38.0% ") 17.87% ') 38.0% " RN 27. 1% ) iy i
KPR A 75.8% F Ak AN EAE, L,
AT A SR O3 A SR R A O R A RN
YR LIERENEN N 69 x75.8% =
52.3 kg hm 7, py AR S X PN ke R A S R
M Ny =8.67 x 10 °Y, +1. 161, RNRI =1. 52, 43 %1
FRAZ(S) , T AT 45 21 W I $ul 7K il 10 28 IH 38 il

AR A
RNR=1.32x10"°Y > +1.76 x 10 *Y, -52.3
(6)
1.2.3  FI il A i ik 27 AL R WA HEAE A

A, HAFR TNy, = (N = N, ) /(1 = Coeff) ™
BRI R 20 (N, R 4 7 it 2, N o 35
STRERIE N, IR AR BECE, Coeff A

ZME ARG T L), L T“N,, ~ N, .= N
g A
MR T, U KB R R A oy 17
R AR 0.91% 2 HE (4axt) #K & Coeff
H46.7% R A
N, =1.63x10°Y? +0.004 7Y, (7)
e E=C I, WA .
N, ~8.67x1077Y> +0.011 61Y, (8)

2 4 R

2.1 RELFHERE

F 1R 45 A Wil U 5 K R R RL
RS DIEVESSIATE S T E AR ¢ 5 eI
A, A A E N 182 ~ 337 kg hm ™°
ZIE), KB B R AR 2 P i A i N 246.8 £42.5
kg hm "7 HUHR RN B VLR 28 N S XA X8 SR 2
BB it Z R4 W N 226.0 +31.8,250. 1 +
29.9 #1255.3 +61.6 kg hm >,
2.2 REALEREMELERE

L 45 A~ H e fe B 2 0 7= i oy B bR i, AR 4
A (6) T R V1 0 it AR DL S AR 4 =X (7) A=t
(8) A M H I il A it WK 2. £ 2 iR, 45 A H
Bty A R VA it AU AE N 148 ~ 264 kg hm 7" 22 [,
XIS ¥ A R 0 d i A i/ N 216.9 + 27.3
kg hm ™% 55 X 38k S 2 0 FE 28 it R b B R AIG
12.1% (p <0. 01 ), H: v 550 0 Hl X 48 7T 1l X1 28
iy XA X3l 38 R H A it L= 4 A N 187.4
23.8 214.4 +24.6 F1230.5 £17. 6 kg hm > B AH I
114 DX 3 e A 8 W i 2Rt 0 0 S 3 R AR 17 1% (p <
0.01) .14.3% (p <0.05) f19.7% (p <0.05) ,
(7)) R (8) T B B S it A AR R, E N
121 ~211 kg hm 2 2 i), X 5 249 B8 it 2 & 0 N
176.9 +22.3 ~177.2 £ 18.0 kg hm >, 43 1l 4% X 1,
-1 B 428 5 il R R IX 8O- 38 40 A it R A
W 5 AT 28. 2%~ 28.3% F1 18.3% ~ 18.4% (p <
0.01) , HAr gy BV A28 M A5 b XA X 5 F 1 33
WA 4 M N 152.9 £19.2 ~157.8 +15.7,
174.8 £20.3 ~175.6 + 16.2 il 186.2 + 11.6 ~
188.0 +14.5 kg hm ™", B 17 A IX 3 F5c e 22 % i L
A BRI 30. 2% ~ 32. 3% .29. 8% ~30. 1%
F126.4%~27.1% (p <0.01) , %+ R (1 X 387 19 &
FIHIE it A i o 0 i 2 BRI 15.8% ~ 18. 4% |
18.1%~18.5% F118.4%~19.2% (p <0.01) ,
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1 SARIARVEELFERE
Table 1 Optimal economic N rate (OENR) for 45 tested plots

LB 38 I AP A

Correlation Optimal economic

1 5 I (] Rk 2807 b5

Test location and year Fertilizer efficiency function
coefficient N rate(N kg hm =)

I Suzhou

Bk Wangeheng (2010) y=-0.038 72" +23. 18x +5 374 0.966 ** 280
7 B Changshu, Suzhou
[ 3i Baimao (2003) y= —0.020 2x* +9.556x +7 228 209
F £ Wangzhuang (2003) y=-0.0157x* +7.778x +7 366 212
575 Meili (2003) y= —0.019 5x% +8.448x +7 615 188
S J¥ Xinzhuang (2003) y==0.011 5x% +6.705x +8 727 242
{43 Baimao (2004 ) y= —0.029 7x% +16. 10x +6 586 252
JET Tangshi (2004) y= —0.013 4x% +6.989x +6 443 218
T J¥ Wangzhuang (2004) y= —0.012 3x% +6.578x +7 747 222
3 JE Xinzhuang (2004) y=-0.017 1x* +7. 800x +6 939 195
# 1 Changnan (2004) y = —0.007 3x* +3.798x +7 635 182
& X Dayi (2004) y= -0.010 5% +6. 126x +7 198 239
4L B¢ Beixingiao (2004) y= —0.007 1x*> +4.982x +7 126 273
N Hb, XS 2 B A 28 55 i U H: Average of optimal economic N rate in Suzhou 226.0 +31. 8
FEYT.P}BH Danyang, Zhenjiang
JERE Yanling (2009) y= —0.036x" +20.41x +5 964 0.776 " 263
4% Huangtang (2009) y = —0.047x% +24. 81x +6 801 0.973"* 248
5 BF Daoshu (2009) y=8937 +12.59(N -191) (N <191); y =8 937(N=191) 0.980 ** 191
FH B Erling (2009) y=8317 +11.15(N -270) (N <270) ; y =8 317(N=270) 0.785" 270
T Erling (2009) y=9 200 +10.46(N -267) (N <267); y=9 200( N=267) 0.961"" 267
Ei ik Lvcheng (2009) y = —0.0422% +23.46x +5 519 0.961** 261
BT b X 35 5 4 22 9 it L fE Average of optimal economic N rate in Zhenjiang 250.1+29.9
Z%JN 24 Jiangyan, Taizhou
3k f8] Zhangdian (2006 ) y= —0.034x> +20.76x +6 136 0.951** 283
3K f8] Zhangdian (2006 ) y = =0.050x" +27.19x +5 388 0.965 "¢ 257
K ) Zhangdian (2006 ) y=8258 +18.47(N -224) (N <224); y =8317(N=224) 0.928** 224
% JE Louzhuang (2006 ) y= -0.026x> +18.92x +6 176 0.990** 335
% £ Louzhuang (2006) y= =0.027x +19.70x +5 940 0.974%* 337
3K i) Zhangdian (2007) y = —0.047x" +28.69x +4 988 0.894 " " 289
Z4% Liangxu (2007) y = —0.0472% +28. 56x +4 870 0.946 " * 288
B4R Liangxu (2007) y= —0.047x% +28.61x +4 607 0.924 ** 284
Bi 2k Qiaotou (2007) y = —0.046x" +24.02x +6 274 0.868 " 245
% 1 Louzhuang (2007) y = —0.0712% +37. 54x +4 644 0.958"* 254
% JE Louzhuang (2007) y= —0.057x% +29.22x +6 457 0.916 " 243
L5 Shengao (2007) y = —0.0472% +23. 16x +6 796 0.874"* 230
ik fi] Zhangdian (2008 ) y= —0.042x7 +27.22x +4 707 0.941%" 306
4% Liangxu (2008) y = —0.058%" +33.35x +4 982 0.982%* 275
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Test location and year Fertilizer efficiency function Correlation Optimal economic
coefficient N rate(N kg hm ~?)
K A& Dalun (2009) y = —0.040x% +26. 19x +5 279 0.974"" 309
5k fi) Zhangdian (2005) y=9778 +16.90(N -188) (N <188); y=9 778 (N=188) 0.892"" 188
Pk Shengao (2005) ¥y=9809 +16.20( N -188) (N <188); y=9 809(N=188) 0.845"" 188
Pk Shengao (2005) ¥y=9602+15.89(N -195)(N<195); y=9 602(N=195) 0.838"" 195
7k fi) Zhangdian (2005) y=9725+15.84(N-188)(N<188); y=9 725(N=188) 0.833"" 188
5k fi) Zhangdian (2006) y=9 718 +23. 16(N -225) (N <225); y=9 718 (N=225) 0.965 " " 225
Pk Shengao (2006) ¥y=9679 +17.32(N -225) (N <225); y=9 679(N=225) 0.937"" 225
3£ Zhangdian (2006) y=9291 +17.09 (N -229) (N <229) ; y =9 291 (N=229) 0.963"* 229
Pk Shengao (2006) ¥y=9494 +16.24(N -226) (N <226); y=9 494(N=226) 0.906 * * 226
Pk Shengao (2007) y=9515+15.71(N -283)(N<283); y=9 515(N=283) 0.974"" 283
5 48] Zhangdian (2007) ¥y =9 667 +15.06(N -286) (N <286); y=9 667(N=286) 0.963 " " 286
Pk Shengao (2007) y=8995+17.78( N -246) (N <246) ; y =8 995(N=246) 0.982"" 246
5 48] Zhangdian (2007) ¥y=8399 +16.79(N -256) (N <256) ; y =8 399 (N=256) 0.958 " 256
M X OV 25 45 44 22 55 il 0 i Average of optimal economic N rate in Taizhou 255.3 £61.6
50 X3 S 1 i fE 4 U5 i U B Average of optimal economic N rate in tested area 246.8 +42.5

T+l T 2006 4F S5 R E AT R A B RO A, 35 N B R 90 K RE AT R A R 1. 86 IC kg 'L AUIE S 2. 10 JC kg TN, H AR I K R RFRLANY
%M 2. 86 JC kg71 VEEM A% S 4,33 6 kg™ 'N Note: As China has implemented the policy of minimum grain purchase prices since 2006, the price of
rice seed and N fertilizer was 1. 86 yuan kg ~'and 2. 10 yuan kg ~' N, respectively, in Changshu, Suzhou and 2. 86 yuan kg ' and 4. 33 yuan kg "' N, re-

spectively, in other regions

R2 SAIBIARNEZAEEEENELEEE
Table 2 Recycled N rates (RNR) and theoretical N rates (TNR) for the 45 tested plots

O = b R MR
Target yield Recycled N rate Theoretical N rate (N kg hm ™)
Test location and year
(kg hm~?) (N kg hm?) | 1
# M Suzhou
YR Wangeheng (2010) 8 830 206 168 170
Fi M % 4 Changshu, Suzhou
4 5fi Baimao (2003) 8 309 185 152 157
F £ Wangzhuang (2003) 8514 193 151 156
2= Meili (2003) 9 676 242 157 162
3 JE Xinzhuang (2003) 8 757 203 197 194
[ 5fi Baimao (2004 ) 7 330 148 165 168
YT Tangshi (2004) 8 601 197 121 132
T JE Wangzhuang (2004) 7 810 166 160 164
¥ J¥ Xinzhuang (2004 ) 8 084 176 136 144
# ® Changnan (2004) 8 062 175 144 151
K X Dayi (2004) 7 957 171 143 150
b i Beixingiao (2004 ) 8 065 178 140 147
3 M 3 X - 35 {6 Average in Suzhou 8 356 +£594 187.4 +23.8 152.9 +19.2 157.8 +15.7
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R K55 5 SRS AR LA =
Target yield Recycled N rate Theoretical N rate (N kg hm~2)
Test location and year
(kg hm ~2) (N kg hm ~2) I I
BT PFBH Danyang, Zhenjiang
FiE % Yanling (2009) 8 842 207 168 170
EL 3 Huangtang (2009) 10 063 258 211 205
S8 Daoshu (2009) 8 937 210 171 173
H % Erling (2009) 8 317 185 151 157
H B Erling (2009) 9 200 221 180 180
E 4% Lvcheng (2009) 8 781 204 166 169
A VT X SE Y {E Average in Zhenjiang 9 023 +585 214.4 £24.6 174.8 +20.3 175.6 £16.2
N 248 Jiangyan, Taizhou
548 Zhangdian (2006 ) 9 288 225 183 183
5 48] Zhangdian (2006 ) 9073 216 176 177
5 48] Zhangdian (2006 ) 8 258 183 149 155
24 ¥ Louzhuang (2006) 9 596 238 194 191
% Louzhuang (2006) 9513 235 191 189
5 48] Zhangdian (2007) 9 354 228 186 184
2245 Liangxu (2007) 9197 221 180 180
4% Liangxu (2007) 8 941 211 172 173
#i 3k Qiaotou (2007) 9 398 230 187 186
% JF Louzhuang (2007) 9 599 238 194 191
% Louzhuang (2007) 10 192 264 216 208
L Shengao (2007) 9 637 240 196 192
5k 48] Zhangdian (2008 ) 9 104 217 177 178
P45 Liangxu (2008) 9767 246 200 196
K A& Dalun (2009) 9 552 236 193 190
5 48] Zhangdian (2005) 9778 246 201 196
275 Shengao (2005) 9 809 247 202 197
275 Shengao (2005) 9 602 238 194 191
548 Zhangdian (2005) 9 725 244 199 195
7k ) Zhangdian (2006) 9718 243 199 195
275 Shengao (2006) 9 679 242 197 194
5 48] Zhangdian (2006 ) 9 291 225 184 183
L& Shengao (2006) 9 494 234 191 188
275 Shengao (2007) 9515 235 191 189
5 i) Zhangdian (2007) 9 667 241 197 193
& Shengao (2007) 8 995 213 173 175
34 Zhangdian (2007) 8 399 189 154 159
ZE M X -39 {H Average in Taizhou 9413 +421 230.5 +17.6 188.0 +14.5 186.2 11.6
[X 38 324 {5 Average in tested area 9 079 £ 666 216.9 £27.3 176.9 £22.3 177.2 £18.0
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2.3 =HHEERERENNESN

T3 N =M AR N 45 AR it
A AR B bR A BRI
PgfE, Horp = BOR AR R R 1 A AERE ROV pR BOR 153
R T, 24N A R 28 U i I, 2R A5 B K A
I €8 NI (SN TR W B2 ek ) g
Fy7 e RIS AR AW 2 o 240 R R L il
R I, 5 f 22 U R AT B, K R D 2. 4%

25T 5L 2508/ 500 J6 hm ™7 {H [ B AR AT 4l AR 4 A
FIE 2815 43 90/ N 29.9 F110. 3 kg hm I 7]
W R ERA T 6% (N 13.9 kg hm ™*) o )i
FHERE it R i, 5 B 4 U it A A H, AR A
JIE $e A FNE R 15 03 5 R s /> N 69. 9 Fi1 24. 0 kg
b ™ (F 7RSI 26 T A 25 20 14 IR E A, 43 i) ik
#)5.6% 1 150 Jt hm ~*, [a] if i + 38 7= 1 0 K FE
Wy N 13.1 kg hm 2,

R3I ZHERETHRESHF

Table 3 Efficiency analysis of the three N rates

(1) (2) (3) (4) (5) (6) (7)
T s AL Uit JH T AT UG YN Rk oA AR Sl AR
Ul
Yield Application rate Incorporatioon N uptake by rice N net loss Soil N surplus Variation of
Item
( kg hm -2 of chemical rate of straw N (N kg hm -2) (N kg hm -2) (N kg hm D) net income
N (N kg hm ~?) (N kg hm ~?) ( Yuan hm ~?)
OENR 9 079 246. 8 52.3 176.9 102. 5 19.4 0
RNR 8 859 216.9 52.3 168.7 92.2 5.5 -500
TNR 8 571 176.9 52.3 163.2 78.5 -13.1 -1150

¥ :OENR \RNR F1 TNR 435 ¢ 7 foe A4 28 0 it 20 o\ 4 3% VA 300 it 20 0 300 it 2800 s K R ZRL I = 7 it x 7 T e FP R 2802 /100 1 i 2R
= (BIEEEH & + B AN E) x ARG AR, L MARRE =[(2) +(3) ] -[(4) +(5) ;B AL i = A (it - %
B B AS 8 L KR R RL A% AR AR K% 40 S 4% 2. 86 JT kg_] 1 4.33 0 kg_] N {144 Note: OENR, RNR, and TNR stands for optimal economic

N rate, recycled N rate, and theoretical N rate, respectively. N uptake by rice = (1) x N,/100; N net loss = [ (2) + (3)] x ratio of N net loss;

Soil N surplus = [ (2) +(3)] - [(4) +(5)]; Net income = increment of rice output-increment of N cost. Rice seed price and nitrogen price was

2. 86 yuan kg ™' and 4. 33 yuan kg ™' N, respectively

331 REATEHERRBEZFAXRMARER

e [ £ BRI T AR IERE N 4 e R
AN TEAE I 2200, DR O S (00 ) ) 5 02
Horbfie W R — AN BB A, 03X 45 AR A B LA
VRPN 1 1 W i i) 28 HE B 7 S o RIS LT R
(NUE) B35 AL NUE = Fy/(Cy - Cy) "l HL R
HES A S 9 T 5 4 45 A 0 N 8 v Wi 9 50, T
AR INLAE R (NRD) 5230 NRL = F/Cy "
PEH ML RE A 4 338 v I i) R LR FE N o B2 PR
BB LA AR — o B A O e A
ARK — 873 FH T 4b 78 4 18 50 N B A e = A 19
Tk PRI, A SRORE AR DA 3 b I B U B A
L RUIE A LSS A o 2 KRR . A %H
IRE] H T SUIE R P 200 T3 AN B8 Sz e 5 S
BT R R R e B8 % RS L SR 2 gk

A R, A SN 20 52 R 25 S 40 0 i A 1 5 4
o R B RE B 37 40 L9, R 4R R T IR LS A
R A 3 R W 35 23 e e/ (O FE 2 -
BN G E) B RSERM T AN R
IR, I AR BB R = 100% x (1 - F AL
S/ BIERERIE) . TTLLE W, Y R A
PR LR 2 5 O IR Y R R R R
FR M, AR SCRT E IR R IR AR B S T KB
A R AR ) SRS L S A R g £ K, ok 98 S
R AR K R 10 8 22 U 4 R 1. 52, 3% X K )
JIE 35 52 1 2R 65. 79% ;5 i L A 2% 2 Se bk bk
ST = UM () 45028 37 Ao S S R A K R 1
BB R N 34.26% W H £ A KK 65.74%
3 5 AR SO R SRR VA 45 B o R
3.2 =HEEERENER

T6 5 H il 1 5 6 2830 WA, D AEORE A% R B BT A
T B A 2 5 it R e D AT R R A AR K TR OR T SR
B 7 v R R 2 B R B R 2R B R . K
7 e R e JSUAS T L A e e, O S MR
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A B BT 2R, T 8 B 1 R A Ay, B 1) BB
TR RS o ABLFE S B i He A0 B, D A D
AN R AR ST A BRI R A
Tk, AR LR R B A Z ALY . —4
e AR 77 i B ks AN AR 2R PR BE 0 HE 7 il 2 A A
1 fe A 28 U it A i Rl gk 2 N E 5.8% ~
11. 0% Zi Ay, ixX F e AL il 1 = AR AEAE ) 7= & T
LR s B A E A AT 25 G AR e R
AT AR SCAE T, 45 AN KRS T Bk g A
Wit A 3 N 216.9 £27.3 kg hm 7 50 FH i
FEL T A it N 246.8 +42.5 kg hm ik 12. 1% ,
it FH AU IO it 8 i B, BROAR KA 9™ 2. 4% (&
TR AR W 500 T hm ™ {H ] Bk R AT 60 HE 48 AR AR
F RSB N 29.9 F110.3 kg hm ™", I 7T fif +-
AR T EA MRS, 5Ar A58 45 R A
—H,

MR R EMARHERBOEY Z2ET -
SRR V- g ST R R 1) BUIE HERE T 0k (A HERE S
RUARKZER NEF NN AT G5 PR 7 ik 1 75
Hir AR A, REBHEIEEE S B2 T EEEY
(1) 358 03 WS Y A RN OB HE S BRI AE A ARk 1
AT bW ] B 2 > 2= R W Fh ke A 1Y
il FEAC, LR it A B 1 5 e T RO AR WS P A
FE AR FEHERE , N A 02 5 = AR P WSOER ) 3 A 1
SRR RE AR, P RRS BT RS AN (W) 1 T T R A
FERASE R LR DA ORI K FE 8 ],
AR /N REFFARSFF R 20 N 39 kg hm 2 i
AKFEWCR 5 B RS FF A (LAK RS 7 £ 9 000 kg hm ~* 3
F)ZH N 82 kg hm 2, FiFAH2E N 43 kg hm %, H1f%
FEFF R R R R AR ik, SE bR E A - R
PERIRE AT (N) #2243 x75.8% =33 kg hm ~*, [H it
XY ZEAEY KRR, BIe e AU E A 2EARE H 1S
FFRLUKREREFT R 2 T N 33 kg hm 2 [H i 7F 4
FKAE B HE R AR Bk &0 T N 33 kg hm ™7, [
W, W R SR AR HERE T A — B
3.3 RENRTEHEBEFEENR®

RERAZAERBEEER L L RET LA
FOPM, R W L EH R H bR Y —
(A 2ent M EAE) B R R B 18 8058 A F
22 (] T B E — 25 BT RIE 52, 3 4 ] B R B A
F& = A D7 H— S B B R UE A T DR S AR SO
PE RN P B, BIFE AT A 3, 1 5 R B )
()RR A Ry A7 o R F A W 9T 3 B R AR IR B
AU R R A (X I R A AR

N R A SO AR A4, PR A1 5 o 9 R S 1]
M)A R A AN IS AR ) A, A R Y n 5w 4 AT
feR A TAYE R, H R8> H I X
IR0 2 U T 4 B (RNRT) S — AN 6 B 2 1) 3 5,
SRA /b i SRk SRR AE [A] — X 3R A 8] — 45 03 R A
() s ol A8 7K T, 7 B P s A o it AT T R R ik
FRIEAR—F 1 EAE R — XA R R AR 4y, i T
A A 2 S DU T X R I R 26 v R 4 3 R K
Mgt R R R R S i T Bk
DR S . H R AR H i it A & (RNR)
REm 7R | LR G A 45 b IR R Bm AK T CRE Rl 1
BABUTERZRERRA, WTHEL T KW E AL
59 1 3 E

4 2 g

BEF 58 AR OF R 3R 43 I3 A A U 4R A
RIFLFEHGE 7N & o B R 58 S2 B UL B dr = &
JME—AR B AN HERE . 45 A KRR B AU it
SRR, AR I8 48 B0 12 10 A 2 H 3 it &
H(RNR) E 8 N 216.9 £27. 3 kg hm ~°, # ARk
N7 PR T A T R i A 48 U it A & ( OENR) Ji 2>
12.1% o 55 AR Ui A i 3R, it FH /2 3 4 it
A AT K RS 9 2. 4% | 40 R 35 08 D 500 T
hm = {EL [ s 5 A fef ZR0AE 86 A R4 3 4% 4 O b
N 29.9 Fl 10.3 kg hm ~*  JF Al i +- 5 A R Ab T LA
FARRAS . AR T 8 H0E 5 I e SR L 2
SETHIWEHARAR, /&L 2 T Y EBIEYM L
ARV M AN, G R FRAR
W SV A AN R AR AUIE HE AR . AR IR 4R SOk AE X
SRR R R AR A R R A X R K Wit AR
S B Wi Al L e w7 N R - e B N
15— 5%

B OB AMEETRLAELESRGEEFMAITHM
R By £ Ae skt & F AR KA R L H 2 X 4E, P
RERFEREHZ EHHFHRLTECHET, MH AR
— 5F it

2 % x #f
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SOIL NITROGEN BALANCE BASED RECOMMENDATION
OF NITROGEN FERTILIZATION: A CASE STUDY OF RICE

Ning Yunwang Zhang Yongchun'
(Institute of Agricultural Resources and Environmental Research, Jiangsu Academy of Agricultural Sciences/ Scientific Observing

and Experimental Station of Arable Land Conservation ( Jiangsu) , Ministry of Agriculture, Nanjing 210014, China)

Abstract Based on nitrogen (N) balance in soil system, a new N fertilization recommendation method, i. e. “N re-
turn index (NRI)” method, was introduced. The NRI concept was brought forth by the Nutrient Return Doctrines, and
means how much N must be returned to soil in order to maintain soil N balance when one kilogram N is taken off by crop
harvesting. On the assumption that other than N fertilization, the N inflow via atmosphere deposition, irrigation and see-
ding ( N biofixation and N in straw incorporation exclusive) and the N outflow via erosion, runoff, leaching, volatilization
and nitrification-denitrification, are constant, an equation for calculation of NRT (NRI =1 — AE/F_) was deduced, where
AE stands for increase in N output from soil to environment induced by N application; F for N input with fertilizer ap-
plied, and AE/F is net N loss. With the target yield (Y ) of the fields most farmers are familiar with set as the only vari-
able to distinguish fields different in soil fertility, an equation for NRI-based recommendation of N fertilization was worked
out, i. e. RNR = RNRIxN,, xY /100", where RNR stands for recycled N rate, RNRI for the regional NRI, which is a
relatively stable constant in a specific farming area, N, for N uptake by one hundred kilogram grains, which is in a signif-
icant linear relationship with crop yield. By taking into account the actual production practices, the equation was finally

amended as " RNR = RNRI x N

0o X Y, /100 - W " | where W stands for N input via biofixation and straw incorporation.
To verify effectiveness of NRI, two regions in Lixiahe Plain and Taihu Lake Basin in Jiangsu Province were selected as for
the study. Based on the soil N budgeting data of the study areas during the rice growing season, RNRI was worked out to
wowas 8.67 x 10 °Y, +1.161 (r=0.828 0°") and based on N biofization

and straw incorporation, W was N 52.3 kg hm *, then the equation of “RNR =1.32 x 10™°Y’ +1.76 x 10 *Y, -

be 1.52, based on traits of rice cultivars, N

52.3” for recommendation of N fertilization for rice in the study areas was figured out. Based on the data of the fertiliza-
tion experiment on 45 cultivars of japonica rice in recent years, comparison was performed between N fertilization recom-
mendations using different methods, the fertilizer effective function (FEF), NRI and theoretical N rate (TNR) in effec-
tiveness. Results show that the optimal economic N application rate ( OENR) recommended by FEF, the N-recycling N
application rate (RNR) by NRI and the theoretic N application rate ( TNR) by TNR was N 246.8 +42.5 kg hm ?,
216.9 +27.3 kg hm “and 176.9 £22. 3 kg hm ~* respectively. Compared with OENR, RNR was 2. 4% less in rice grain
yield and 500 yuan hm > in economic benefits, but saved N 29. 9 kg hm “and 10. 3 kg hm >, respectively, from N appli-
cation and soil-N net loss and moreover kept soil-N in a rough balance. The new method can be used to make recommen-
dation for N fertilization with target yield being the only variable and without the need to go through field experiment, how-
ever, further study is still required to see whether RNRI will remain relatively stable for long, and whether long-term use
of the method would lead to soil-N surplus or not.

Key words Nitrogen recommendation; Nitrogen balance; Nitrogen return; Rice
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