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(2 PEBEBAE, L5

m =

100049 )

M SCHR A B 09 753, 6 e R o R 425 50 P 2 O e 3R ) BIE S 16F T] 2 2004 4F AR

Fy v SC RN Sk D87 BT R 5 SCHR B Bl kA7 7 Gt o e . G55 AR H R = SO B R T 4045 O AN i 2
A () JE 7= 12 T 36 B0t R 2% 0 B P R 67.9% ~ 75.9% ;KRR B RUiE S AR X P a1 09 O B, K
R /NFE L ORI d i 7 R AU 4 246 . 250 274 kg hm o JT 104 TR E AL RWA % K
FRCRAT PSR, KA NEE L R GUBERA R0 2939.0% . 34.8% . 29.1% , AKFRCRINH K

12.7. 9.2, 11.1 kg kg'™';

BB T A Z5:2001—20054F Ge 1145 B4 5 6.8 [ 4 &, FEA A #2014

SO TR (35% ) o = KA EAEY 10 R it FH 125 I A= 77 77 (0 40 S 359 mT LU 48 B0 1
4, BIARORLELT, KARER=0.848 9, /NER’=0.657 5, EAKR*=0.791 7, = 772 9 BEEAN
FUNRLLN (35 HAG PR . 276 % I8 = KR EEY R = 2R A ANE R %, ARBF5EIA R 180 ~ 240 kg hm™
i R TR B = KRB E RS B A R . XS ERRBD AT EAN (M. £
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M19784FEZ20084F, FEAN ( SCrh A HEY
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257.8 x 10° to 2008 AFE#Fh BN A7 5 7% Ay
[, THFET 3.3 x 107 vRUHE, (5 4Bk 244E 2 FE
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H27.5%, #2012 8OFEAN W E AR . F 20044FF
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WEEYRH AR HREZ D FIRHE - 30 &
AT ERER AR A7 BRI R SR A X AR fh 7Gx
[ EEA G MTE . AL, ARFFERHE & F£D
HSCSCHR R, X X e (] AT T A M AN
W, RAO IR E R A e 0 U ) 4R —
e =P

* EFREE R LI A LA AR TR TS Y2 AR B R R S TR RYE” (20122X07101-004 ) ¥EHb

T IRMEE , E-mail: wmshi@issas.ac.cn

fEE AN T % (1979—) , L, WIEEA, EEues, EENFRIEE GRS . E-mail: yufei@issas.ac.cn

W AT 2015-01-27; WEESCR H#: 2015-04-13

http: //pedologica. issas. ac. cn



1312 + %

S

52 %

1 ARSIk

1.1 ¥iERIE

KABFMETFERAS (RIEAHZE; A
NERER ;e Rt + AR A ) vl R0 T R 4 3
PR ERS R E20144E10H 15 H AT R ER, BF
FERFIR] R 20044 LIk i) 3% 1 3 SR VR Y KRS
INZE L R EAERLN A G SCScik (5 R R H AT
T ERHIT AR 7 4 R AR SR SOk, AR
VA R B S R R MBI Sk ) L TR ETE T R VEY
W P SR A A T Y EUIE 0N )36 K B
BTG AT, [FIEE, R AR B AR, HEBR

TAESE PR AR B R AUSEIZ P A5 R HE R Ak 2 A%
FORCH, P RERTRL AL BE A A R A, LA
LR IR R IE T A B, AR A8 4 i (12 Wit 204k
B SR S M RUNE A B AL B A RS, AR
HEH fi b B dz 5 25 1F B B IR R G521 . ABESE
RAFIRNE A ARG, LR FP 2 N IRE, H
OB . A, RALRY Iz % J7 08 H LAY 2k
HE LGB, ARWFIEILIRAG A RO 24 15, oK
REAHSCSCRRS3 0 , /N ARG SR 78, B RA R
BR8ORE , FLARW L2 iy 0F 5 b i S SCHRBCRE W3R 1.
AT EAF H, BF5E 5 23 A1 5 3 T 5 AR 9 A
JBEARW G, AIETE 0B ZE A U AT SEAY

F1 ARREMAINBE . XEHARE=SH

Table 1 Volumes of literature obtained in this study and distributions of literature research sites

1EW SCHREL 5T b A5 53 A

Crop Article number Research site

e VIR (29) . WYL (8) . & (7) . i (5) . Wiwg (5) . Widk (5) . mhl

Rice 83 (4) B (3) . Y0V (3) . BJpyr (3) . fad (2) o & (2) L) (2) .

WEg (1) TR (L) CW&R (L) . R (L) . mm (1)

gz Berg (13) . 1WA (20) (VLR (13) . WEg (9) L widb (7) . &#(4) L1l

Wheat 78 W (4) o gl (2) TR (2) L HOR (1) L BV (1) L (1) L B
(1) . WL (1)

Tk WAL (15) L BEPE (12) . WZR (9) L AR (8) L LT (7) L R (5) . MRJET

e 80 (4) Vg (4) . Wil (4) © WEEE (3) L dbat (2) 0 Hlr (2) L 77 (1)

SN (1) o W (1) o 879 (1) FPK (1)

1.2 #WRAZE
A 7T S 19 SCHR R RS B B s s .
i MRS R A E . WA AR SRS

B CINRFIEFR A IR . BB AR R AR
P RICABRIAR) o A SERREAR IR 2
IS

R MRARBHWEZISHHEAE

Table 2 Volumes of various parameter samples obtained in the research

27 it A ik Fei X A RIBFRMAAAR RUERROR R T) RO A R
Crop N rate Yield Relative yield REN AEN PFPN PEN
KHiRice 932 893 586 530 711 725 527
/INFE Wheat 854 801 509 334 645 638 305
E A Maize 702 617 410 341 510 504 328

AR AR, YA
— 5 1 FEL P RS e P ) B o, (R S
ANYEFE, B RCH SR R, A SO XA

FE IR e 7 B E O 100, Hop i 5 2 1)
FEAEL BRIV R IE T 25 PF R AR X = i B I
AR g Al A iy TS R st DX S Ty AR
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Fift o ARAE G AR AR T R I 22 5

RN LM A (apparent recovery rate of
applied nitrogen, REy) : FRAEAEY XTI A L 5 rp
IR R kR, MIRE = (U - U, ) /F, H
o Uit NE IS VRO ) b AR A W R R, Ul
R A o PR S . B R e, PR R
NER AN

FIEAR 2R (agronomic efficiency of applied
nitrogen, AEy) : FRAE HAS it A = BT B I RO AE W)
kPR, W AEy = (Y - Y, ) /F, KA hiEie
JE TR VR i, Y, RS SR TR AR
PR

AW A 7= 71 (partial factor productivity from
applied nitrogen, PFPy) . ZRAEFAAIH A B AERLE
P ResE = Ve FFRL ™ b, B PPy = Y/F,

FUNE A= B & (physiological efficiency of
applied nitrogen, PEy) : FIEAEY L 13 A Ik
B AERE R B0 BT AR AT R KL e g S, D
PEy=(Y-Y,) /(U-U,) , RBTIEYWRIH
U 7 i AR AT HE LAY BTk 22 S AR FH AR .

2 HPRS1HE

2.1 FERBEVHRLTEMEL

2004 AELIR, = JOME VR it AR, an
3 e NFR 3 BRI A, FEAHAN ML,
= ROH B AR 1 AT AR AT i 0 77 i BOAE N 7 g
JKAE T ARAG A FERL = R 2.77 ~9.29 t hm™, ¥{H
7 5.89 t hm™; MIXI =K 44.6% ~90.4%, A
K 67.9% . /NE TG IEEA 7= 0.68 ~ 9.85
t hm™?, YN 5.36 t hm >; X~ 8N
33.2% ~97.4%, HMEN 72.1%; T K0T FRA K3
=l 2.48 ~ 14.40 t hm™, {EH 7.86 t hm™;
XK 31.7% ~96.1%, ¥{H K 75.9% ., K
b= E AR R K, TRES R . A,
P45 3y X B HUE TE X R) B AR 4y 1] 19 AR 4k
AR, BEKATLESL, REH EEARL T
B ARk R AR X A BT S R
2004—2006 4F 7K FE A it 008 A LAl i (6.42
t hm™) % 1982—1985 4F (5.23 t hm™) #/% 1.89
thm ™, 6 HE T R B AU K = 1 A A
AR, DR MM RSRE. P ER
s VR R B, 200 R R TR R AR

3422 % 10° 1, REAFELHEREN 31.57x 10,
KHARLTRARS, BABEN 2.65x10° 1,
WA O pR R, I 20 40k, A E K
RHEHF 53% ~59% 1) HHERE Ty (A HLEK ) 2
WA Y, FFRHbIE B, REEFRAAH . P
s . > () BRI PR VE RS it 0 i — 2D 4
J7L, AR 2005 A A sh i 4 B O A A T 8
PE A [ KB 484 AN ELAY 133077 hm* % B3
pS A3 £ RIS w7 0 -2 NG R 5 Nl 15 o7 S EE = 3
F1f B E LTS

Jits AR e i, AE H TR H A AR P Sk
T, EMME AR . /N2 R 7 i A )
M E8.42 . 6.87. 9.89 t hm™, KFHK AN
B RN (RP (it 204 B 7 15 7= i - R i 0RE Ak
= fg ) /AR AL ) fem, £943.0%,
INE L EBKRRZ, il28.2% ., 25.8%. HiA
fARRE . /NZE L KB X i A 5 B3k F
92.7% . 94.4% . 93.5%; AHXF =58 E 0 A
9.6% ~54.4%, 2.6% ~66.8%, 3.9% ~ 67.3%.
U B 388 7= 5 07 5 RN it FH . R AR B AE W
aFRE R A . — TS, Rl AU
T, N B P RN S B e BRI, A A i
TR R o A ) AR, UM G T A A
Ko MAESE U LRI S48 3R J1 KA L i S
R R, A R3S e K, i
RIE148.5 ~ 445.5 kg hm®, =5 H S35 HI 7K Fg 384 7
W& R 49.9% ~ 80.4% , ' ith 77 & H /K Fe 438 7= i
FEHR 49.9% ~91.8% , Ik 73 A5 H 7K e 3 7 it g
H 55.2% ~ 109.7% , AKHLJ) 54T 1Y A 1S
ARV B L AR AR L R X A S
WK T MRS, 2% RS R BN,
1R A5 K R B B 4007 78 44 EUIE Ab 3K SE TR
(100, 150, 2001250 kg hm™) 43 54 JohE X 14
F520.6% . 33.6%. 37.3% F134.8%, M5 Fhiiz
KRS 729.4% . 14.3% . 20.3% H119.4%, % &
B Bl 4007 X% 0N 1 Wi Ry 8 2 v TR R Rk iz
KE15,

FIRH AR I (—Jo W orfE ) 43 3lxd
SORORCEE Y Y EUIE it 5 1R SR X
HHTUME (B ~K3) , RBAEEHES
AT = LA OR (R?: KHE 0.5681, /hZ
0.5468, E>K 0.3585) ¥y T AL & 577
PLERCR (R KHE 0.4231, /N 0.1872, Tk
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Table 3  Effects of application of nitrogen fertilizer on yields of the three major grain crops

AN No nitrogen JEZENE With nitrogen
it A
BEgih 77 ik AR 7 PR ARX 77 4k
£ ) Nitrogen rate N
Yield (t hm™) Relative yield ( % ) N Yield (t hm™) Relative yield ( % )
Crop (kg hm™)
FEA ] H{H A R H{H HA 72 g H{H N AR H{H
Sample  Range  Average Sample Range Average Sample  Range  Average Sample  Range  Average
JKAE
Ri 177 2.77~9.29 5.89 95 44.6~90.4 67.9 45 ~ 540 716 3.08 ~13.32 8.42 491 63.3~100.0 92.7
1ce
INZE
163 0.68~8.95 5.36 98 33.2~97.4 72.1 30~419 638 1.69~11.72 6.87 411 67.3~100.0 94.4
Wheat
Mai 121 2.48~14.40 7.86 71 31.7~96.1 75.9 45 ~ 600 496 3.83~15.94 9.89 339 59.2~100.0 93.5
aize

0.1875) o XJER HEE FARXT ™ & ] DL/ i T
TR Ty MR A ARSI 2R

A O A B LA o R, 15
H [ KRB H AR F e 77 T R A R 246
ke hm™, /NF =it B i A A 250 kg hm ™,
oK e R A Y 274 kg hm™, 1%
SEAR A T E B B AT = ORE R AR b JE
FI B SE bR, 1R %R 2000—2005 4EAS
g (X)) frijiass R R, KRRk
JLHEIN 129 ~ 328 kg hm™, 254 (X)) EHER
TE 170 ~ 250 kg hm™; /Nl A AR IS 112 ~ 251
kg hm™; K B AR IE 125 ~ 266 kg hm™, Z=4T
F4E LIXE 10 380 AN I BRECE £, 2007
KRR ANEE L EOREIE T Bt F 50k
231, 229, 273 kg hm . iR X 32 219
PR EE SR, 2007—2009 4E4[FEUKAE . /N
Z . EARRENF¥E 58 210, 210, 220
kg hm™2,

AJR RLAE CSUARGE, TR A e e, R
B R RGP AR L X IR Y RN B A
K, AR T ZIC =8OR K, R H X K R
B R A N 1982—1985 4EAY 184 kg hm™
R E 2004—2006 41 240 kg hm™, Fiis 7
i . rp R O R XOKORE B R R i A A
fE 213 ~357 kg hm ™ JEHIHN, WEH AR 227
kg hm™, MZEZ3 ARG 213 kg.hm™, BAZH HUH
i 261 kg hm™, HLZEZesCHIRG 223 kg hm™, HiZE
HERS 357 kg hm ™o WP W2 7R )0 3 X 4 X B9

WEFER, R KR S e i R
180 kg hm™, K=K 240 kg hm™, 354% 18 4R
SIS o /SN SN A o= 3 (WA B3 G N % == 3 11|
203, 270 F1 338 kg hm™ i, VTIRHEILHE X A4S/
A2 2 F i A IR R FH 2R FORT R 7 it 34 38 B g o
BEHRE 4 DO IS, SR ML 3SR 8 S Hf
7= e A B e LR TE IR AR R 120
kg hm™, FEWEBESME T 4390 120 kg hm™ Fl 240
kg hm™, Eh%AE4E OTRRG I Rt i A 240
kg hm?[F % 168 kg hm™, B LE, /N
AEAHREHA R LR EES ., THEE
g Y RS ARTE W B A I F S R T, B E
K (=12 000 kg hm™) Jifi%&l & 300 kg hm A =i
T2 B . 2R3 45 2 X AR AL B R M BF ST 45
FIR, FOK ™ o B R B3GR, Y
MR BT 240 kg hm™ B, PEEA DB, 0]
U, VED$5 e = it 2R P R AR 7 L VRS Rl
FRA O B VE 5 B it . R0 3B 25 4 it 2 R [ T
ENGIE
22 EFERBEVHREANAE
SR B T BT R, AW =K
HEEAE YA ) I8 it FH T 9 2088 1 5 93 0 ik
1780, RaBEFRW, KREEEEH R <60
kg hm B, FALRWAF R . KA WA
IR A NG o2 S 5 E e B R 2 = R N s 1
52.5%. 17.2 kg kg™, 116.9 kg kg™'. 39.8 kg kg™';
AN 60 ~ 240 kg hm 2WF, ZUIE 3 0L F]
RORFHOR L A HRMA T RS

http: //pedologica. issas. ac. cn
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T . 120 -
= 12
E ~ 100
8 10 S
= 80 L
R 3
3 6 i |
>~ A =S o400 y=—0.000 4x*+0.197x+69.356
i - 2
ﬂ ) o  V=3E-05x*+0.018 5x+5.947 6 ‘i% ; 20 L R>=0.568 1
&z I R=0.423 1 T E
-%. O L 1 1 1 1 ] E O . . . . : .
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Jii & & Nitrogen rate (kg hm™) Jifi & & Nitrogen rate (kg hm™)
1 KR d FAR X 7 5 EUNE it P e ) G R
Fig. I Relationships of yield and relative yield of rice with Nitrogen application rate
14 r 3=-2E-05x+0.012 9x+5.173 3 120 -
g 12 r : R=0.1872 S 100
s 5
= o 2 80
5 Rz
= [
= 72 60 r
3 ZZ y=—0.000 4x2+0.200 1x+72.447 °
< 220t z
2 %2 R=0.546 8
iz E 20
N &
m | O L L L L 1
B
~ 0 100 200 300 400 500 0 100 200 300 400 500
Ji4 & Nitrogen rate (kg hm™) Jiti% & Nitrogen rate (kg hm™)
(K12 /N2 7 B FAE R 7 5 U P o 1 G 2R
Fig. 2 Relationships of yield and relative yield of wheat with nitrogen application rate
18 r 120
16 s
& < 100
g 14 o
=} I S
g LE
s 10 po S
£ =3 60
s 8 R
> —0.0 002x>+0.109 7x+78.352
3z 6 Mo a0l 7
=, g R*=0.358 5
bl Z 201
o2 r R=0.187 5
.H;E 0 ! . : ! 0 L 1 1 1
0 200 400 600 800 0 200 400 600 800

Ji %8 & Nitrogen rate (kg hm™)

Jiti % & Nitrogen rate (kg hm?)

3 R AR 7= f 5 It P 2 9 5 &R

Fig. 3 Relationships of yield and relative yield of maize with Nitrogen application

K, 43 H39.2% ~43.9% ., 13.6 ~14.6 kg kg™ .
36.7 ~41.8 kg kg™, HENOR A= S R, i
A 180 ~ 240 kg hm I E FRF%39.7 ke ke™'; A
it ) B > 240 kg hm i, ZURRIFIHI R | k2
BB A1 AR RS TR L, 5l
%36.1%. 99 kg kg, 28.4 kg kg, 27.6 kg kg™,

INAE BB A < 60 kg hm W, ZHE W

FIRHZ . R A= . AEEA R
W h44.4% . 24.0 kg kg™'. 98.9 kg kg™, 64.2
kg ke ZUEFHER60 ~ 120 kg hm 20, AR5
R RA L R R B E AL, WA R0
R RAEA K FIEHE120 ~ 240 kg hm R,

RIERWAN R | AFROR L A DR 73 Wil AE
32.6% ~33.0%. 8.5~ 9.5 kg k™', 25.4~25.5 kg

http: //pedologica. issas. ac. cn
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Table 4 Nitrogen fertilizer use efficiencies of the three major grain crops
e Crop Jili & it Nitrogen rate  ANERMAHR  FIEARERCEAE,  AICWA T IR A B % AT 7
(kghm™) REy (%) (kgkg™") PFPy (kg kg™) PEy (kgkg™)  Ralative yield (% )
KA Rice <60 52.5 17.2 116.9 39.8 82.2
60 ~ 120 43.9 14.2 77.5 41.0 89.8
120 ~ 180 39.2 14.6 51.4 41.8 91.2
180 ~ 240 40.2 13.6 39.7 36.7 95.1
>240 36.1 9.9 28.4 27.6 93.9
- 39.0 12.7 46.0 35.6 92.7
INFE <60 44.4 24.0 98.9 64.2 77.6
Wheat 60 ~ 120 42.6 12.3 62.4 27.2 90.9
120 ~ 180 33.0 9.5 422 25.5 94.0
180 ~ 240 32.6 8.5 33.6 25.4 97.5
> 240 33.3 6.8 23.7 22.9 95.3
Sty 34.8 9.2 38.8 26.0 94.4
T K Maize <60 32.1 16.0 140.8 49.1 87.5
60 ~ 120 33.6 14.8 99.4 51.6 87.7
120 ~ 180 33.0 14.5 60.6 39.9 95.9
180 ~ 240 31.0 10.3 45.5 33.0 97.7
> 240 20.9 7.2 30.0 39.3 93.5
-1 29.1 11.1 54.5 40.5 93.6

kg™'s FUEHIEE >240 kg hm i, ALK AHOE
B 2B 77 7 AR BRI Sk — B REAR, IR 6.8
kg kg, 23.7kg kg, 22.9 kg kg,

FRAN i <60 kg hm B, ZALRWA
R AEOR | AR L AR BRI 5500
32.1%. 16.0 kg kg™, 140.8 kg kg™'. 49.1 kg kg™';
RN 60 ~ 180 kg hm I, AUNEF WA FH 3
REFBORAAAT, AR AE 7= 77 A AR B A 2R
FFRAL; AU T 180 ~ 240 kg hm I, ZAIEFE
WA A sh /)y, Hoa b 2 ReAR; A & >
240 kg hm i, FALRMA R | R2ECR | i
FEII KR R, i %E20.9% ., 7.2 kg kg™'. 30.0
kg kg™,

BRI, BEE ZCHE S, = KRE
TEYI R ZNEF R 2 R R, X AP — ML
AR EAEY T EAE B R R AS TR

AR EER B, HET (20044E 200K ) K EF
FREEYKRE . N BRI RIEFEA 2 45
BISF-Y9439.0% . 34.8% . 291%, V¥ H34.3%,

HEAER PURAES (37%. 35%. 30% ) A
—H, 19924F Rk RL4E 00 %7824 HI ] it 36 K 4
PHIFR T, Y 2R AR B A R R A
28% ~ 4%, V¥ H35%, 19984, fhgr—A+5H +
O VR 09 U R A R R 30% ~ 35% 2 .
20084F B @ A% T %2001 —20054F 4> 5 K £
FrE X AT A1 333 ] 5 25 SR Uk AT
15 iz B B 3 R B AR ANE RO R R R
26.1% ~28.3%, V¥ HK27.5%. LG 0L, #£30
Aok, TR E R R 3R AR b S 30 S A
RS, H AT AR 2R H K s 201 42
BOAEAR MY K- o 1T 2P B AUNE 22 00 ) FH 56 1 [ A1
AREEE S A B A . P ER AR
s ) 12200 1985 4F 4 [ A AR M B V- 24 vt
88 kg hm™, %20054F -7+ 2169 kg hm™, Tfij[H]—
AR Y38 7= 5, LAIKRE A BI, 19854 °45.26
kg hm™, 20054E 48 kg hm™, ZHEF & A48 3 5
KT KRG = i 338 52 B AU 2 WA H 5 i 42
B, BR T RGE AR GRS, AT RE R 5B
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REFEHFERE KR RESA X REKR
S USRI L IX RIS W, FE AR DU (200
kg hm™) T, 2004—20064F % Hi X 7K A5 4 20 )
A K35%, #:1982—19854E1929% T+ T 6 F 4%
R, IR 3N A3 s A 2 Sy A R 3
FIRNRSCRE T I, 53 A3 E 43 a5 VA 46 A it A
BARBE & AT 2005 4E 53 g + A 77 it AL
1180, SR ARG A B o X I - 152 it AT
T H 3 000224~ H 8142 46 1 3 50 19 2 e e 1
T = 77 it TS b B A 0TS | ol TS 8 ES g 2
FIH RN TR 10% . 7% ~ 10% F17% W F 270,

Dobermann%§ [28-29] G, W EZR K H
PRSP KRR A 111 kg hm™, FIEHE
WA HN31%, HELE ST N40% ., hT
PP EARER . BHEKEESR, K
FUAAE T (0 HE 2R 0L R 858 A5 1 R 2910
AT A Ladhas PR E R R R AT
Bl n gt £, A K R T A 1S
kg hm™, FEFRWAH RT3 R46%; /N T
i 112 kg hm™, FAE R WA FHF 35157 % ;
FEOKFI it A 123 kg hm >, ZIE 20 F] &
HN65% ., CassmanZ (32] WEoE kB, FEEEKF
Pt A 146 kg hm ™, FUERWA R HN37%.
Roberts "' — L WF9E R, £ EE A 2103
kg hm™, FORAEMEFLILEBCR K37% . w0, 1EAH
o7 (14 SR It P S BB, TR KRS (it 20560 ~ 180
kg hm™) MEAL R A FHEN39.2% ~43.9%, 5
WA JEA —F, RART TR BIKF NE
(760 ~ 120 kg hm™) AYEUAE 2 WA 34
42.6%, KT HAFHRFELI50EHoE; EX
(Ji & 60 ~ 180 kg hm™) HENEZ WA H R N
33.0% ~ 33.6% , Fiih T 3R EMFEKE, (B
TR, AR K —2F . FREH
HLSAR RN FA AR Y, — 5 T 3
SRR A SRR, JUHOKRE, — 5wl fg
5B S  SARRE OISR B KR O R
Wk, RH/ANEME K, EMARERE LS (B
R ) ARIE G R R A P
FRE T G, L REIE SR AR R o 7 B A A A
NEFIFZE, AN I —BR3E SK e i ZUIE A1 T2 1 R
e 0L e A T A K R D
AN RMA R (JCH/NEZ M E K ) [HR#H—
W%

PR RE A 2F R VAN P B 8 7= 500 45 A A F)
FahR T o AU B3 7 AR e s T X U i
W3 F A FI WMACA R AT SR AR 4 7 B 11 AR B AIOR X
P, FEAEFR I Z IR T, o DU AE
22 WL FH 2R 2 WLRE 48 4B BRACR e i o L A
REER (£4) R, HurKE =R EEDHA
NEARFRORA M H12.7, 92, 11.1 kg kg™ A
HE A B PR3 91524 4935.6 . 26.0., 40.5 kg kg™'o
TSR B T DR A T, 2001—20054F 3% [H
KFE . ANEE L BRI AUIE AR R o i 2
10.4, 8.0, 9.8 kg kg™, ZUIEA: BLH| F %50 51 F-
9 36.7. 28.3, 37.5 kg kg™, AWFILE RS ZH
o, ZUEARAECR B ER N, FUEA BA H R ARk
AR T LIS, HErER E = R A
BRSO PR R, N R B EUIE R R H R 2 =
FRE, SRS T IR A, T 104E 5k,
L FEREEDE R WA RS TY
6.8 H 4 Ko

Hurf EKRE . /N . BRI R 2 7= 0
Iy SE S 46.0, 38.8. 54.5 kg kg', i okAE A
e LTI ERgR g5 5 (542, 43.0, 51.6 kg kg™ ) ML,
IKFE . /INZE FE AR A= 7= A BEAR A R #, i oK
1 EE Al A= 7 W RE A 38 . 3 R B 2R 21
g LS R GE SRR, A4 R R 2007 4F 5
20004FFH H, /NZZ . R K RIZKRS 1 5 7= 3 ) 38
17.6% . 7.9% F18.2% , Tii+H N i 208 B A T8 AR it
AEAE A3 N 12.3% . 37.3% M6.0%, P, X7
AN FUK R 0 U A A 7= i 8sm ok i AUIE
PR 7= 1N o 22 5 0 JE R T g R R TS i Y
ANFFTE, AFSE Bk A 8 55 B B9 R 45 FH ) 3R 56
g ORI FAR ST ERE ) 1V e )
{B; L] REAZASHIE T I 18] 5 B SR BT 8, AWF5E
) - e i AT [ S 30T 1 04 R A S 23850 0
23 FERREVYHEEHERE

ARG W, KR EEY A X &8
7 PU B 20 NE it P A 140 SE T e R R, A A
Jiti FHHE 180 ~ 240 kg hm  FR15%5 &5 09 A % 7= 4,
IXHIAR 22 2 2 HE 1 10 38 ‘B it 60 2 v P12 B AR W 5
. s DT R IX BB R, EUIE
W= BEE FE 2 7 m pg B g n, A5 X P A
FEAHOKRE . /N AU 50 R
225 ~270 kg hm 25180 ~ 225 kg hm™>, 2lg% [
45 5 7R, ATl DX K R Y X 38F 24058 e R
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Table 5 Fertilizer formulas for the three major grain crops recommended by the Ministry of Agriculture and corresponding total nitrogen application rate

i Jic 5 AE i B PR 2 A A =
1EY) FEIX Fes S Application rate Urea Total nitrogen
Crop Region Formula Target yield in the formula sidedressing rate rate recommended

(N-P,0,-K,0) (kghm™)
(kg hm™) (kghm™) (kghm™)
7K ARALITE M PR TER X 13-19-13 6 750 ~ 10 500 270 ~ 435 120 ~ 225 90 ~ 160
fice AR LS B ZERFIX 16-16-14 7 500 ~ 10 500 360 ~ 495 180 ~ 240 140 ~ 190
KL PR R AE X 16-16-13 6750 ~9 750 405 ~ 600 150 ~ 195 134 ~ 186
KILP R ACERE X (AR ) 18-15-10 5250 ~ 8 250 390 ~ 615 120 ~ 195 125 ~ 200
KL ACERE X () 16-16-13 6750 ~9 750 420~ 615 150 ~ 225 136 ~ 202
KL RCRERF X (WfE ) 19-13-13 6 000 ~ 9 000 420 ~ 630 120 ~ 190 135 ~ 209
KIL T R ZERE X 19-15-11 7 500 ~ 10 500 465 ~ 645 270 ~ 375 213 ~ 295
VLR R BAACRERE X () 19-13-13 5250 ~ 8 250 360 ~ 570 120 ~ 195 124 ~ 198
VLR AR BAACERE X () 17-14-14 6750 ~ 9 750 420 ~ 600 150 ~ 225 140 ~ 206
VLR AR BARCRERE X (WfE ) 19-13-13 5250 ~ 8 250 360 ~ 570 120 ~ 195 124 ~ 198
AT I B SUERE X (AR ) 18-12-16 5250 ~ 8250 390 ~ 615 120 ~ 195 125 ~ 200
AR T I B SUERE X (IR ) 18-12-16 5250 ~ 8250 390 ~ 615 120 ~ 195 125 ~ 200
TG 1 7o S L PR AR X 17-13-15 6 000 ~ 9 000 390 ~ 585 150 ~ 210 135~ 196
N2 Kb HEE X 12-20-13 3750 ~ 6 750 210 ~ 390 105 ~ 195 74 ~ 137
Wheat PYAL R R R AR X 28-12-5 3750 ~ 7 500 360 ~ 720 0 101 ~ 202
VYL A X 17-18-10 4500 ~ 8 250 285 ~ 525 165 ~ 300 124 ~ 227
AL A A7 X 15-20-12 6 000 ~ 9 000 360 ~ 540 195 ~ 300 144 ~219
AL R4 X 18-15-12 5250 ~9 000 420 ~ 705 135 ~ 240 138 ~ 237
KALA Rl E X 18-15-12 4500 ~ 8 250 345 ~ 630 135 ~ 255 124 ~ 231
VYR X 19-15-11 3750 ~ 7 500 255~510 90 ~ 195 90 ~ 187
Tk R i EAIX 14-18-13 7 500 ~ 10 500 345 ~ 480 165 ~ 240 124~ 178
Maize ZRAE P B FOKIX 15-18-12 8250 ~ 12 000 360 ~ 525 195 ~ 270 144 ~ 203
KA TREFAKKX 13-20-12 6750 ~ 10 500 375 ~ 570 210 ~ 285 145 ~ 205
ZR AU 1 AR ok X 17-17-12 7 500 ~ 10 500 360 ~ 510 210 ~ 285 158 ~218
AL TR X 18-12-15 6750 ~9 750 300 ~ 450 195 ~ 285 144 ~ 212
AR KX 18-15-12 6 000 ~ 9 000 405 ~ 600 165 ~ 255 149 ~ 225
AL HE AKX 15-20-10 6 750 ~ 10 500 345 ~ 525 180 ~ 285 135~210
b HEE A FOK X 13-22-10 7 500 ~ 12 000 390 ~ 630 195 ~ 300 140 ~ 220
VUL LR HE AR F oK IX 17-23-6 8 250 ~ 12 000 405 ~ 600 225 ~ 315 172 ~ 247
P 1) 25 b K X 17-16-12 6 000 ~ 9 000 420 ~ 630 165 ~ 240 147 ~218
VU R L B FOK X 20-15-10 6 000 ~ 9 000 360 ~ 540 150 ~ 240 141 ~218
Y R e R K X 19-15-11 6 000 ~ 10 500 360 ~ 630 150 ~ 255 137 ~ 237

o FPIREMEEELI460 g kg i Note: The concentration of nitrogen in urea is 460 g kg™’
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R (176 +24.2) kg hm™, /NN (228 £27.1)
kg hm™?; SR FLE 58 55 BRI 2 524 19 Coase JB
A PR s AT, SREFHIEE A RS R AR
B OZF AL, A N202 ~ 239 kg hm ™ i
/N 2R\ 2 B brid B e 200 H i
(7K 9 A AR Fuis b S\ S o ST e b 1]
B, 15 H BV 5 /INEE - oK AR AR X 31 4 =
AR RN A S B EZEHE, NEHR 150
kg hm™, EHKN180 kg hm™, iZJti L& F/EY Al 4k
PR X s i = i AR AT 3, BRI REDIL
AT A LI LML R E AT S, Wl AR
PR % BN AR I AT AT /N
& oKL KR = RO B VR X B Ty it A A
W(2013) ) (AR Cmai) ) ", &
IR T SRR EEY e m B bR & T 14
FIERE A S ( GERED ) # Bisr=aRsa ke
MY, A TR R A AR e, AR
TIF 815 1) il 28 AN 4 e AR IG5 0 H bR = i
TRME A, DLkl i s R U A R RN
E Q0 (WA E AR R A TITE = I G Y R N A DI Y = R
100 -
90
80
70 N .
ol ihamet v
SLEL - N .
o TR
TR
10 . : .
o . . . . .

IKFESEARDUR 3 RE, of rice (%)
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BOFRS) WJUFES, EWHZXORRE, B
i ZARIR] TR S0 A EUIEHE i AR TR
KRG H90 ~ 295 kg hm™, /NFE K74 ~ 237 kg hm 2,
Tk K135 ~247 kg hm™, REFFRGERS5Z M,
A 1) (4 AR X 7 5 v ) it 20 HE 180 ~ 240 kg hm ™
5 Ot AE ) it A A R 0 — B, H
I, ZEF R KIED R BIEHHRY
FERNEHE B > 240 kg hm ™ J5 A B R EE T B G 2
%, RWFTEA N ERE FLiA %, 180 ~ 240
kg hm i L2 H T I E = KR S EYEE '
P14 it 2 A 91
24 ERESTENARMEXSH

FRIFFER RN SEIR 2, WEWNE &R
Bealh bRy . AR A 7 VR A AR
o EATE P A E R AR % 2
BOR L AT AEBEAHRAN S ARFTRAR
P 3T 1042k FH [ X 56 250 05 o) 20 AL i P 2t 45 20 IR )
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Fig. 4 Correlation scatter diagram between nitrogen application rate and nitrogen use efficiency in rice cultivation
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N it FH 2 ) 358 I B A, (AR MR PRI R M SE &R
IX T2 IR R A I R A H A7 it R A 4 TR 21 5
U TN E e w753 SN T = Wy 1 1 BN 2
WA R P AL ST R W BERDR O . RO AR A
DR 2% 6 1 0 B TR 2 5 T

FR A 514 ~ [ 6 B B 43 AR AE 46 5k
iR IUA A & 5 JE A = T, A RUR
Yl , KRER’=0.8489, /NER’=0.6575, E XK
R’=0.7917., FE WAL IN A = Tt
CW N R S S B N L
T, BTERE, HEREREHTZ 7 &
] 24 17473 > I ol P R 2 U T iR (RS S A 2 00
FIHIR ) RALAEEFI AR, — =0 T A o
JREE, WA AEE EEE, R i AIRE L
BEE AR T, MRk ISR D, IR
PN AR R W, U R AR AR U i S WA E )
XTACHE SR 00 M IR o L B0 A 348 1 1o 1) 17
DL R A TARK MR Ak, Bl g FH AR 08 [l )i %
EAS R ME o 76 H Au IR A 38R IR 8 % 20 11 N 2 4
Ko ACIERE =3 2s N R BAAE T, s 2
PR A A 3 B AR AR T . ARSI E T X —
ik,

3 45

KEEM AR S, KR EED
ANt U NE A Lt R 2 A TR KO, A B R
HN67.9% ~ 75.9% , Jiti A AT LA 5 18 0 2 e ey
FEEN92.7% ~ 93.5% . = KORLE VR 1% 018 it
it 55 AR 7 A A DM 2 T AU R S e Y
FHOCME . AR Nt o S AR = AR DG R, A5
B i e 7 Bt U K R N 246 kg hm™ L /NE 250
kg hm™, £ K274 kg hm™, IT304E, FKE =K
WETEDIKRG . /I TR RENE R AR L5
THRBICHT R — R, B rdh34.3%,
B2001—20054F MG TH45 R HE = 6.8 A 48 i, FEA
[l 7 2 201 20 80AE AR P 247K F . AUIEHE ] 3 5 A
RO £ 7 7 A0 DG 34 T LA 45 S0 B, B
EROREA, KFR=0.8489, /NEZR’=0.6575,
FKRR’=0.7917. M’k 7= J1 2 BB BOTAN A AE R0
HE B R . PR IR = RIEY R EER . 20
FIHZR, ARBFFEIA R 180 ~ 240 kg hm ™ fY i 4 2 2
H A3 = O B VR 0 B i i & Y L

[1]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

5 % % M

Erisman J] W, Galloway J N, Sutton M S, etal. Howa
century of ammonia synthesis changed the world. Nature
Geoscience, 2008, 1: 636—639

FAO. FAOSTAT. http: //faostat.fao.org/site/575/
DesktopDefault.aspx?PagelD = 575#ancor

WA, FIAE. 2013—2017 A E FACAT L 1% 5 o
T B TS T 4 %

Z, Li J N. Report on investment analysis and predict

http: //www.ocn.com.cn. Chang Y

of nitrogen industry from 2013—2017 (In Chinese ) .
http: //www.ocn.com.cn

A CREANE [ R BT, 2012 AP R R EIR B
A, http: //www.mlr.gov.en/zwgk/tjxx/201306/
120130604 _1223034.htm, 2013-06-04. Ministry of
Land and Resources of the People’ s Republic of China.
Bulletin of environment status of China in 2012 (In
Chinese ) . http: //www.mlr.gov.cn/zwgk/tjxx/201306/
t20130604_1223034.htm, 2013-06-04

Liu X J, Zhang Y, Han W X, et al. Enhanced nitrogen
deposition over China. Nature, 2013, 494 (7438) :
459—462

R R AT A2 25 AR 48 P AR T 9 25 ) RS B /R
R, URF. TEIERAR. Bl ILHEFERR
HiRt, 1992: 228- 245. Zhu Z L. Fertilizer fate and
N management in agroecosystem.//Zhu 7 1., Wen Q X.
Nitrogen in soil of China (In Chinese ) . Nanjing:
Jiangsu Science and Technology Press, 1992: 228—
245

RS, ERGE, sk, S E IR EEILRE
FIR GRS iR . LHEIR, 2008, 45 (5) -
915—924. Zhang F' S, Wang J Q, Zhang W F, et al.
Nutrient use efficiencies of major cereal crops in China
and measures for improvement (In Chinese ) . Acta
Pedologica Sinica, 2008, 45 (5) : 915—924
RIER, SR, THk, BURTT. K] M X R T A
p i — FUIE T o B 4R i Dy s L. A SR S
AEk2EHR, 2010, 16 (1) : 1—5. Zhu Z L, Zhang S
L, Yin B, etal. Historical comparison on the response
curves of rice yield-nitrogen application rate in Tai-lake
region (In Chinese) . Plant Nutrition and Fertilizer
Science, 2010, 16 (1) : 1—5

TTER, BEW, WL, % T CISH AR [k
MR R IR WP AT S, Rl TR 24, 2007, 23
(7) : 35—41. Fang Y D, FengZM, HuY C, et al.
Balance of field nitrogen nutrient input/output using GIS
technology in China (In Chinese ) . Transactions of the
CSAE, 2007, 23 (7) : 35—41

B, P ICHH AT 2047 0 Hp [ R ke [ 3% A Pl &

http: //pedologica. issas. ac. cn



1322

+

il 52 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ARG B2 R, 2006, 51(7) ¢ 750—763.
Huang Y, Sun W J. The change trend of organic carbon
content of farmland surface soil in China in last 20 years
(In Chinese ) . Chinese Science Bulletin, 2006, 51
(7) : 750—763

SRAE, KRR, BURESR, AF. ) S g i o i 2 R
FEEE L R R AR Yk, 2011,
37 (11) : 2020—2029. Zhang J, Zhang H C,
Duan X M, et al. Effects of soil fertility and nitrogen
application rates on super rice yield, quality, and
nitrogen use efficiency (In Chinese ) . Acta Agronomica
Sinica, 2011, 37 (11) : 2020—2029

W, BRig R, N, SFoE. T 7 IOKREE
"Bt 2R = RIS A S B 5. R 3R 5 e
e, 2014, 20 (1) : 7—16. Feng Y, Chen H I, Hu
X M, et al. Optimal nitrogen application rates on rice
grain yield and nitrogen use efficiency in high, middle
and low-yield paddy fields (In Chinese ) . Journal of
Plant Nutrition and Fertilizer, 2014, 20 (1) : 7—16
2R, UK, TR, A R KL RS TR
NERLR RGBS, P Al R4, 2009, 32 (1) -
61—66. Yan J, Yin B, Zhang S L, et al. Studies on
the nitrogen fertilizer application of rice-wheat rotation
system in Taihu Lake region (In Chinese ) . Journal
of Nanjing Agricultural University, 2009, 32 (1) :
61—66

=L TR fl HE R BIR S FR g BEUR  AOM)
58, dbgt. FELRZERE, 2008, Yan X. Study on
present status of chemical fertilizer application and high
efficient utilization of nutrition in China (In Chinese ) .
Beijing: Chinese Academy of Agricultural Sciences,
2008

ARLLA], SR T, SRARE, SF. PEEZR ARy
Nt P A 5 8 R AR A A A . AW E TR SRR,
2010, 16 (5) : 1136—1143. Li H L, Zhang W I,
Zhang F S, et al. Chemical fertilizer use and efficiency
change of main grain crops in China (In Chinese ) .
Plant Nutrition and Fertilizer Science, 2010, 16
(5): 1136—1143

B AT R A RO RUIE 5 3R R R = AR
WRHERE ST dbat: P IERAL R AE, 2014, Wu L.
Nitrogen fertilizer demand and greenhouse gas mitigation
potential under nitrogen limiting conditions for Chinese
agriculture production (In Chinese ) . Beijing: China
Agricultural University, 2014

Whids. e T ge b s 2L i b mg O R DO R A K
RAEPURAGH. Biat: B AURAKRY:, 2011, Chen J.
Quantifying optimum nitrogen rates and nitrogen losses

for rice production in southern China based on statistical

http: //pedologica.

[18]

[19]

[22]

[23]

[24]

model (In Chinese ) . Nanjing: Nanjing Agricultural
University, 2011

iKER, 95k, BEk, R IR SR T i AU
o TR /N 22 SRR WSO T B ™ e B 2 . 2 AR ) 2
i, 2010, 30 (1) : 135—140, 148. Zhang M, Jiang
D, Miao R L, et al. Effects of N application rate on
nitrogen absorption, utilizationand yield of wheat under
different soil fertility after rice (In Chinese ) . Journal
of Triticeae Crops, 2010, 30 (1) : 135—140, 148
Shm L, skl , gRAEC, S RN RIE LSRR R b
XN T BB AN 5 1 5L . A AR R
2014, 34 (2) : 194—202. Cai R G, Zhang D,
Zhang M, et al. Effects of nitrogen application rate on
dry matter accumulation and grain yield of winter wheat
under irrigated and rainfed condition (In Chinese ) .
Journal of Triticeae Crops, 2014, 34 (2) : 194—202
Lyete FHRSC, BRBEDY, AR il AU LIRS L%/
22 B W MSOR T B R 7= i A B BRI AR
PSR SRR, 2006, 12 (2) @ 150—155. Ma
X H, YuZ W, Liang X F, et al. Effects of nitrogen
application rate and ratio of base and topdressing on
nitrogen absorption, utilization, grain yield, and grain
protein content in winter wheat ( In Chinese ) . Plant
Nutrition and Fertilizer Science, 2006, 12 (2) :
150—155

FEAE, KR, RIS, . it 0 O
5 R WO K A A AR e E Ol B
2013, 46 (12) : 2483—2491. Wang Y L, Liu T X,
Zhao P, et al. Effect of nitrogen fertilizer application
on yield, nitrogen absorption and soil nitric N in super-
high-yield summer maize (In Chinese ) . Scientia
Agricultura Sinica, 2013, 46 (12) : 2483—2491
MR, ER, TOCR, AR AN B ERE R K
RN E B R . FYE SR S IR, 2010,
16 (3) : 552—558. Ye D J, Gao Q, He W T, et al.
Effect of N application on N utilization and N balance
in spring maize (In Chinese ) . Plant Nutrition and
Fertilizer Science, 2010, 16 (3) : 552—558
FAER. P E = IOR BRI AR T MR S TR
JHARAE BT dbst: PEAE RS, 2014, Wang
G L. Quantitative analysis of reactive nitrogen losses
and nitrogen use efficiency of three major grain crops
in China (In Chinese ) . Beijing: China Agricultural
University, 2014

ARIE R E EAE Bl BUIR | TR)REURD6 5R /2R PE
RIER, T RAT A E g Fp 2 K b ng AL R . R
AU ULHRRREHOR I ARAE, 19982 38—51. Zhu Z L.
The status, problems and countermeasures of nitrogen

fertilizer application in China // Li Q K, Zhu Z L,

issas. ac. cn



6 1]

TOREE

AT 1O Hh [ Kl == MR B A 4 RUIE R 5 0

1323

[25]

[26]

[27]

[29]

[32]

[33]

[34]

Yu T R. Fertilizer issues of sustainable agriculture
development in China (In Chinese ) . Nanjing: Jiangsu
Science and Technology Press, 1998: 38—51

i E O A S R R B 2. P E AR AR 41986, bt
s E AL H AL, 1987, The Editorial Board of China
Agriculture Yearbook. China agriculture yearbook 1986
(In Chinese ) .
1987

rhE Ol AR S S AR 2 B 2x. TP R RO AR 22006 . bR
s E A REE . 2007 The Editorial Board of China
Agriculture Yearbook. China agriculture yearbook 2006
(In Chinese) .
2007

SRAR B, B AT A E 75 it S A A ) i
http: //www.fert.cn/news/2009/6/5/200965913145353.
shtml.2009-06-05. Zhang ' S, Ma W Q. Project of soil

Beijing: China Agriculture Press,

Beijing: China Agriculture Press,

testing and fertilizer recommendation helps to improve
grain yield and farmers income (In Chinese ) . http: //
www.fert.cn/news/2009/6/5/200965913145353.shtml
Dobermann A, Cassman K G. Plant nutrient
management for enhanced productivity in intensive grain
production systems of the United States and Asia. Plant
and Soil, 2002, 247 (1) : 153—175

Dobermann A, Witt C, Dawe D, et al. Site-specific
nutrient management for intensive rice cropping systems
in Asia. Field Crops Research, 2002, 74: 37—66

IFA /UNEP. The fertilizer industry//World food supplies
and the environment. Paris: IFA, 1998
Ladha J K, Pathak H, Krupnik T J, et al. Efficiency
of fertilizer nitrogen in cereal production: Retrospects
and prospects. Advances in Agronomy, 2005, 87:
86—156

Cassman K G, Dobermann A, Walters D T.
Agroecosystems, nitrogen-use efficiency, and nitrogen
management. Ambio, 2002, 31: 132—140

Roberts T L. Improving nutrient use efficiency. Turkish
Journal of Agriculture and Forestry, 2008, 32: 177—

182

TE, BCE, TR, F. R RREGAERS
Elﬂlﬂ*ﬁ@:ﬁ%. WP R, 2008, 30 (3) : 415—

422. Wang J Q, Ma W Q, Jiang F R, et al. Integrated
soil nutrients management and China’

(In Chinese ) .
415—422

s food security

Resources Science, 2008, 30 (3) :

[35]

[38]

[40]

SEAHEE, BibeoT, RIER. R TSR ASME TN
A5 Y. Y E IR SR, 2014, 20 (1) -
1—6. Cai Z C, Yan X Y, Zhu Z L. A great challenge to
solve nitrogen pollution from intensive agriculture ( In
Chinese )
2014, 20 (1) : 1—6

e s, sk, T JAC A H R0 8
B, 2003, 12 (2) : 192—197. Ju X T,

. Plant Nutrition and Fertilizer Science,

BT
Zhang F S.
Thinking about nitrogen recovery rate (In Chinese ) .
Ecnlngy and Environment, 2003, 12 (2) : 192—197
pegd, MO, PMRIE, ORI XA R
HE@EFH;& CXP bR oK 52 . 4R, 2003,
40 (3) : 426—432. Wang D J, Lin J H, Sun R J,
et al. Optimum nitrogen rate for a high productive rice-
wheat system and its impact on the ground water in
the Taihu Lake area (In Chinese )
Sinica, 2003, 40 (3) : 426—432
BRWE, RbE, B, % w7 EZHEARA L A
M BB PO A R RIS, 2008, 34 (5) ¢ 886—
892. Guo T C, Song X,

. Acta Pedologica

Feng W, et al. Utilization
and balance of nitrogen and proper application amount
of nitrogen fertilizer in winter wheat in high-yielding
regions (In Chinese ) . Acta Agronomica Sinica,
2008, 34 (5) : 886—892
WoEde, BOKAHT, [WIEZ, &5 BRPEOCH/NA - £ KA
4’FETJ}1FH’F+ZIP££5FH% 8 20N 1 A TR U A ATF
AR, 2014, 34 (21) @ 6115—6123. Yang
XL, LuYL, TongY A, etal. Optimum-N application
rate to maximize yield and protect the environment in a
wheat-maize rotation system on the Guanzhong Plain,
Shaanxi Province (In Chinese ) .
Sinica, 2014, 34 (21) : 6115—6123
Al E Ab ALY A 2 R A AR I AT OC T EN R (D
L ER L REE =IO AR X IR OGS O i I
W (2013) ) Ay, (2013-07-29 ) . http:
moa.gov.cn/zwllm/tzge/tfw/201307/t20130729_3541508.

Acta Ecologica

/Iwww.

htm. Department of Plantation Management of the
Ministry of Agriculture. Notification from the office
of the Ministry of Agriculture about promulgating and
distributing “Fertilizer Formulas and Fertilization
Maize and Rice in their

(In Chinese ) .

Recommendations for Wheat,
Major Production Regions (2013 ) ”
(2013-07-29) . http: //www.moa.gov.cn/zwllm/tzgg/
tfw/201307/t20130729_3541508.htm

http: //pedologica. issas. ac. cn



1324 + 1 2% Eile 52 %

NITROGEN USE EFFICIENCIES OF MAJOR GRAIN CROPS IN CHINA IN RECENT 10
YEARS

Yu Fei" *  Shi Weiming''
(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)

Abstract Application of nitrogen fertilizer is an important approach to ensurance of food security
in China. In recent years a large volume of nitrogen fertilizer applied has, though, increased crop yields
significantly, it has also at the same time brought about a series of serious environmental problems. So,
it is of great importance to get to know well the current situation of nitrogen use efficiency in China, to how
to coordinate agricultural benefit with environmental impacts of the use of nitrogen fertilizer in formulating
a reasonable fertilization strategy. Therefore, on the basis of the researches accomplished in the 1980s and
2001—2005, nitrogen use efficiencies in the resent 10 years of major grain crops in China were analyzed in
this research. The literature research method was used to retrieve all the papers (in Chinese ) related to the
subject of crop response to nitrogen fertilizer application from the CNKI and VIP databases published after
2004. Results show that currently the basic yields of the three major grain crops without nitrogen fertilization
could reach up to 67.9% ~ 75.9% of the maximum yields of the crops with nitrogen fertilization. Yield response
of rice, wheat and maize to nitrogen fertilizer application might reach up to 43.0%, 28.2% and 25.8%,
respectively. Based on the regression equation of nitrogen application rates and relative yields, the nitrogen
application rate for maximum yield of rice, wheat and maize was 246, 250 and 274 kg hm™, respectively.
In the recent 10 years, both the apparent recovery rate ( REy) and agronomic efficiency of applied nitrogen

( AEy) somewhat increased, reaching up to 39.0%, 34.8% and 29.1%, and 12.7, 9.2 and 11.1 kg kg ™',
respectively, for rice, wheat and maize. Compared with the statistics of the period ( 2001—2005 ) ,
REy increased by 6.8%, almost reaching 35% of the level in the 1980s. The relationship between nitrogen
application rate and partial factor productivity ( PFPy) of nitrogen fertilizer could be well described with the
power exponent equation for all the three major crops, with R’ for rice, wheat and maize being 0.848 9, 0.657 5
and 0.791 7, respectively. Currently, PFPy is an appropriate index for use in evaluating nitrogen fertilizer
utilization efficiency. Taking into overall account target yields and nitrogen use efficiencies of the three major
grain crops, it is held that 180 ~ 240 kg hm™ is the proper N application rate for all the three crops in China
today, and quite in consistence with the recommendation in the “Fertilizer Formulas and Fertilization
Recommendations for Wheat, Maize and Rice in their Major Production Regions” promulgated and distributed
by the Ministry of Agriculture of China.

Key words Apparent recovery rate of applied nitrogen ( REy) ; Agronomic efficiency of applied
nitrogen ( AEy) ; Partial factor productivity from applied nitrogen ( PFPy) ; Grain crops; Proper nitrogen

application rate

(RERE: # #)
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