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Abstract The field experin ents were conducted o nvestizate the effects of different nitrogen(N) fertilizer rates
and the ratb of basalN and topdressngN onw interwheat growth gran yiel and the change of soilN content n
Hengshuiand Xnji Hebei province respectvel. The results show that indigenous N suppl could meet the
demand of N forw nterw heat nomal grow th before the revival stage and the applied N fertilizer do not sign if cantly
ncrease wheat gran yied inH engshuisite while canpared w ith the tream ents of applyng basalN and topdressing
N, te app lications of topdressngN only at shooting and booting stages at he ratb of2: 1 ncrease N use efficiency
senificantl. InX nji sitg N 60 kg/ha coull meet he demand of N forwheat grow h before the shootng stage, all
N are applied as topdressing at the shooting stage do not elin nate the effect of N deficient at the early growth stage
on wheat grovth and hgh gran yiell and the applicaton of N 240 kg/ha at the ratb of 1: 3 ( basal N and
topdressing N) at the shooting stage coull achieve higher gran yield and N use efficiency canpared with other
tream ents The apparentN bss durhgw interwheat grow th season m ainly canes fran the basaIN, while high top
dressng N rates atm id-later stages also increase s0ilN restual after the hawest Because of the variations of soil
fertility and texturg the effects of the same N managem ent method on w nter wheat growth  yield and N use effr
ciency n two sites are differeny so for higher crop yiel and higher N use efficiency the synchwonizng regu lation
of N fertilizer should canbine cwop nutrient demand nutrient supply fran soil and regional variation characters of

soil fertility and texture

Key words w interwheat nitrogen fertilizermanagement basal nitrogeny topdressing n itrogen

: 2010-07-23 : 2010-12-28

(2007CB109306); (2006BAD 02A 14)

(1974—), s , Email sczhad@ caas ac cn
* Tel 010-82108000, Ermail ph&@ caas ac cn



518

17

61%"",
, N 300
kg/hrn2[2~3] [4]
Nm i (NH; =N+ NO;-N) )
[5] [6]
Ju ,
0—90 an 90—180 an
275 213 kg/hm’ e
0—200 200—400 a
314 145kg/hm’(n = 93),
80 30 ~ 3% 10%
~ 2% [ 8-10]
[ 1] 7
50%,
% [12]’
« » [13] '
[ 11] ’
’ [ #-15]
[16-17]
1
1.1
2008, . 10 2009 6

(115.32°F
(115.22° E, 37.47° N)
25, 20
m, , 500~ 600
mm 6~9 ., 12.6C
, 0—20 an
13.7 g/kg 7.0mg/kg
84. 8 mg/kg H 8.3 0—20 20—40 40—
60 60—80 80— 100 an NO; -N
13.8 14.1 13.6 11.7  10.2mg/kg NH; -N
87745228 2.5mglkg
.35 1.40 1.35 1.36 135 g/am’
, 0—20 an :
8 5¢g/kg 11.2 mg/kg 97 mg/kg H
8.6 0—20 20—40 40—60 €0—80 80—
100 an NO;-N 16.2 13.0 14.4 8. 4
6.4 mg/kg NH; =N 0.9 1.2 1.011
0.9 mg/kg 1.40 1.42 1.38 1.35 1.35
g/(m3

37.19°N)

) , 1
, 36~ 40 m’, 4
° P205 90

kg/m”®  K>0 90 kg/hm’,

B B

, 600m"’ /hm’

33 2008 10 9 (10 13

L2009 6 10 (6 14 )
4.3x10  /lm’,

1.2

10m
8 0—100 en , 20 an

0—100am , 20 an ,

12 ¢ 100 mL 0. 01 mol/l.  CaCl
50 m i, ( F1IA star 5000

) NH; =N NO3-N ;

B



519

1

(kg/hm?)

Tabk 1 The experinentaldesign for N treatments in o sites

S ites T reaim ents Total N rates Basal N Topdressing N at shootng ~ Topdressing N at booting
NO 0 0 0 0
Hengdhui N180 (0/120/60) 180 0 120 60
N180 (30/90/60) 180 30 90 60
N 180 (60/60/60) 180 60 60 60
N240 (0/160/80) 240 0 160 80
N240 (40/120/80) 240 120 80
N240 (80/80/80) 240 80 80 80
NO 0 0
Xinji N180 (0/180) 180 180
N 180 (45/135) 180 45 135
N 180 (90/90) 180 90 90
N240 (0/240) 240 0 240
N240 (60/180) 240 60 180
N240 (120/120) 240 120 120
(Note): / / The data in brackets indicated basalN /topdressing N / opdressing N rate i treaments
: , : ; . N240(0/160/80)
(REx, % ) = (
i} )/ x 100 :
(AEy, kglkg) = ( :
(PFPy, kg /kg) = . N240(60/180)  N240( 120/120)
; , 60 kg/hn’
(HI %) = / ; ;
x 100 : N240( 60/180)
N 240( 120/120) :
e (2
; , 10 60
- ; kg/bm’ (1)
(kg/hm’) = ( 22
: : - ,
_ [19]
SPSS 11. 5 ,
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Table 2 The effect of different N treaim ents on wheat bian ass during grow ing season
S ites T reaim ents Regreen Shooting Head ng M ilking M aturity
NO 937.9 a 1645. 7 b 8902 7 b 14355.9 b 16311. 1b
H engshui N 180 (0/120/60) 964. 6 a 1852 9 ab 9601. 5 ab 15047.2 ab 17777. 8 a
N 180 (30/90/60) 968. 4 a 2070. 4 a 105720 a 147523 b 16951. 1 ab
N 180 (60/60/60) 976.5 a 2036. 3 a 9731.5 ab 14701. 1 b 17284 4 ab
N240 (0/160/80) 968. 4 a 1724. 3 b 8949.8 b 15740.2 a 17724. 4 a
N240 (40/120/80) 948.9 a 2009. 5 a 10233.1 a 15036. 1 ab 17200. 0 ab
N240 (80/80/80) 978.4 a 2011. 1 a 10320.2 a 152121 ab 17048. 9 ab
NO 532.4 ¢ 1422. 7 ¢ 4153 1 ¢ 10838.8 ¢ 10038 4 ¢
Xinji N 180 (0/180) 608.7 ¢ 1445. 5 ¢ 5705.8 b 14255.8 b 11564 1b
N 180 (45/135) 699.9 b 1687. 8 b 6411. 1 a 15216.3 a 1180L. 5b
N 180 (90/90) 698.9 b 1779. 5 ab 6283.3 ab 15213.6 a 11741. 4 b
N240 (0/240) 612.6 ¢ 1550. 6 ¢ 6062 4 b 13196.6 b 12199. 4 b
N240 (60/180) 751. 5 ab 1861. 5 a 6685.5 a 14994. 1 a 13537.9 a
N240 (120/120) 799.4 a 1785. 6 a 6371.0 a 15455.7 a 13622 8 a

(Note):

/

So

frent treatments in the sane expermentsite at % level

3000

The data n brackets indicated basalN /topdressing N/ opdressing N rate in tream ents

Values o llwed by different ketters in the sane comnmean significant an ong dif

E #ii/k Hengshui 3000 4E Xinji
2 2500 ¢ . 2500 |
= ¢
1 : $
S 2000 B * " 2000 ‘ R
ey ¢ ¢ 0 p
E 1500 1500 }
= y=29.09x + 17409 x <10
2 1000 [ y=20318 x=10 1000 y=3x+1472.7 x<60
g R? = 0.8564%* y=1772.7 x=60
35 500 500 R?=0.9052**
Ené:f 0 1 . 1 i | 1 1. 1 () 1 1 A1 1 1 1 ]
0 20 40 60 80 100 0 20 40 60 80 100 120 140
AU B (N kg/hm?) Basal N rate
1
Fig 1 The relationship betw een plant biom ass and basalN rate at shooting stage
2
s s 180 kg /hm 3
s 0— 100 an
1:3 s
) 5
(3 101
2.3 (4

0— 100 an

0—100 en :



3 , 521

3
Table3 The effect of different N treatm ents on wheat grain yield and N use efficiency

Gran yeld Crop N uptake RE, AEy PFPy H arvest index
Sies T reaim ents ) )
(kg/lm™) ( kg/hm”~) (%) (kg/kg) (kg /kg) (%)
NO 6479.4 a 185.3b 50.2 a
Hengshui N180 (0/120/60) 6853.2 a 228 8 a 24.2 a 2.1a 38.1a 48.7 a
N 180 (30/90/60) 6742.1 a 223.3 a 21. 1b 1.5b 37.5 a 47.8 a
N 180 ( 60/60/60) 6521.5 a 212 5 a 14 4d 0.2 ¢ 36.2 a 47.1 a
N240 (0/160/80) 6914.7 a 228 5 a 18 1¢ 1.8 a 28.8 b 49.9 a
N240 (40/120/80) 6858.7 a 219.7 a 14.3d 1.6 b 28.6 b 47.4 a
N240 (80/80/80) 7009.9 a 222. 3 a 15. 4d 2.2 a 29.2 b 47.7 a
NO 5379.5 ¢ 123. 6 ¢ 53.5a
Xinji N180 ( 0/180) 6416.1 b 157.2b 18 7 ¢ 5.8 ¢ 35.6 a 54.2 a
N180 (45/135) 6653.5 b 162 7b 21. 7 ab 7.1b 37.0 a 54.7 a
N 180 ( 90/90) 6555.4 b 154.9b 17. 4 ¢ 6.5b 36.4 a 53.7 a
N240 (0/240) 6527.2 b 169. 7 &b 19. 2 be 4.8d 27.3 b 52.1a
N240 (60/180) 7289.1 a 181. 1 a 239 a 8.0 a 31.2 b 53.5a
N240 (120/120) 7179.9 a 173. 8 a 20.9b 7.6 ab 30.0 b 52.4 a
(Note): / / The data n brackets indicaied basalN /topdressing N/ opdressing N rate in tream ents

REy—Nitrogen recovery efficiency AEy—N irogen agronomy efficiency, PFPy— Partial factor produ ctivity fran applied nitrogen.
S Values folbwed by different ktters in the sane column mean significant an ong different treaments in the
san e experment site at o lkvel
4 (kg/hm?)

Table 4 Apparent N balance of differentN treatm ents in wheat grow ing season

N mnput N output
) Nm n
Sies T reaim ents . N ]r.l ApparentN Crop N Residual Apparent
N rates InitalNm n
m inera lization uptake Nm in N bss
NO 0 246. 1 109. 6 1853 ¢ 170.4 ¢ 0

Hengshui N180 (0/120/60) 180 246. 1 109. 6 228 8 a 271.9 b 35.0 f
N180 (30/90/60) 180 246. 1 109. 6 223.3 ab 261.8 b 50.6 e

N180 (60/60/60) 180 246. 1 109. 6 212 2 a 247.8 b 75.6 ¢

N240 (0/160/80) 240 246. 1 109. 6 228 5 a 303.2 a 67.3d

N240 (40/120/80) 240 246. 1 109. 6 219. 7 ab 293.2 a 82.7b

N240 (80/80/80) 240 246. 1 109. 6 2223 a 273.8 b 99.6 a

NO 0 176. 1 67. 4 123. 6 ¢ 119.9 ¢ 0

Xinji N180 ( 0/180) 180 176. 1 67. 4 157.2b 1889 b 77.5d
N180 (45/135) 180 176. 1 67. 4 162 7 ab 183.3 b 77.6 d

N180 (90/90) 180 176. 1 67. 4 154.9b 180.8 b 87.8 ¢

N240 (0/240) 240 176. 1 67. 4 169. 7 ab 2140 a 9.9 b

N240 (60/180) 240 176. 1 67. 4 181. 1 a 204. 8 ab 97.6 b

N240 (120/120) 240 176. 1 67. 4 173. 8 a 191.2 b 118.5 a

(Note): / / The data i brackets indicated basalN /topdressing N/ opdressing N rate in tream ents
So Values bllowed by different ktters in the sane colmnm ean significant an ong dif

ferent treatments in the sane experinentsite at o level



17

522
, \ . 40—80 an ,
( ) .
, 10 kg /hm’
’ [2’4]
, , 174 kg/hm’,
R 60 kg/ ;
tm” (1), (N 180 240 kg/
hm”) ,
, 240 kg /hm’ ,
, Ll 4400~ 4450 kg /hm’
201 ,
[21, 26]
[2] ,
' ' [23 27-28]
1/3 201
1:3 .
) Nm]n
N 240 ( 60/180) \ 1
'3 s
N 240 kg/hm’ ,
[21] [22] ’
: 1/3 2/3 73%
~ 8% . 1% ~ 2% t=,
40—80 an
, . ; N240(60/180)
Ll 40—80 an N240( 120/120) ,

( )s 1:3



523

[1]

[2]

[3]

[4]

[5]

[ 6]

[ 8]

[9]

[29]

CuiZl, ZhangF S, DouZX etal Regonalevaliaton of critr
cal nitogen concentrations in winter wheat production of the
North China Plin[ J]. Agron. J, 2009, 101: 159-166
[J]. , 2005 21( 11):
211-225.
Zhao R K, ChenX P, Zhang ' S. Study on nitrogen optin zed
management at different grov ing stage of winterwheatbased on
nutrient balance and soil test[ J]. Chin Agric Sci bull,
2005, 21(11): 211-225
CuiZl, ChenX P, MiaoY X etal Omr fim evaluation ofwimr
terwheat yield response © resiual soil n irateN i norh chia
phin[ J]. Agroon J 2008 100: 1527- 1534
[A]. ,
, . [M].
, 1998 38-51
Zhu Z 1. The staus problans and countem easures o f nitrogen
fertilzer application n Chma[A]. LiQK, ZhuZL, YuTR.
Fertilzer ksues of sustainable agriculture develbpment n China
[M]. Nanjng Jiangsu Science and Technobgy Press 1998
38-5L
Chen X P, JiH J Zhang F S. The integraied evaluation on
effect of excess frtilizaton application on nitrate tent of vegeta-
bl i Beijng[A]. LiX Letal (ed ).
able production of high qualiy vegetables[M ].
Agriculural Press  2000.
JuXT, KouCI, Zhang F'S Christie P Nitrogen ba lance and

Fertilizng fr sustaimr

Beijng China

groundw aler nitrate contan mation: Can parison anong three ir
tensive cropping systans on the North ChinaPlain[ J]. Environ
Pollut, 2006 143 117-125
[J]- , 2004 37(5): 692-698.
LuH B LIZH, ZhangY G etal Characteristics of nitrate d &
trbution and accumuhtion in s il profiks undermai agro hnd
use types in Beijing[ J|. Seci Agric S, 2004, 37(5): 692
-698
[A].

s . [M].

, 19920 228-245
Zhu 7 L. Fertilizer fate and N management n agrmoecosystan
[A]. ZhuZ L, WenQ X Nitogen in snilofChina[M ].
jing Jiangsu Science and Technology Press 1992, 228-245.

[D].

Namr

. 1999,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

MaW Q. Current status and evaliaton of crop fertil zation in
ShandongProvince] D]. Beijing PhD disertation, China Agrt
culuralUniversity, 1999
[D].
, 2006.
ZhaoR F O ptmum managenent and sustainable evaliation on
water and nitrogen resource in w inter wheat simm erm aze wta
tion systan| D]. Beijing PhD dkseration China Agricultural
Unwemsiy 2006.
[J]. , 2008, 39(2):
329-334
Wang JQ, MaW Q, Jang R F, Zhang 'S Analysis about
anount and rato of basal fertilzer and pdressng fertilizer on
rice, wheat maize n China[ J]. Chin. J Soil Sci, 2008
39(2): 329-334
[J] s
2009 15(1): 9-15
PeiX X, Wang X B, HeP etal Effect of postponing N applz
cation on 0 ilN supply plantN uptake and utilization n w nter
wheat[ J]. PhntNutz Fert Sci, 2009 15(1): 9-13
[J]. , 2003, 31(4):
178-181
HuangH C, Huangfu XR, Bao D Jetal Study on NPK accr
mulation and transfer for above-ground organces ofw inter w heat

[J]. Chm J Soil Sei, 2003 31(4): 178-181.

[J]- )
2002 35(3): 297-302
Huang SW, Jin JY, Yang L P, ChengM E Spatial distrbu
tion of il nutrient and rehtionship beween soil nutrient and
soil granuke can position br gramn crop region| J].

Sin, 2002 35(3): 297-302

Sei Agric

- [ 1.

, 2008, 28(10): 4957-4965
WangSY, LuP, WangJL etal Spatial variability and distrt
bution of soil organic matter and total nitrogen at different
scales a case sudy in Pinggu County Beijing[ J]. Acta Ecol
S, 2008 28( 10): 4957-4965.
CuiZ L, ChenX P, M oY X etal Omrfam evaliation of the
mproved soil Nm ir based nitrogen managenent for sunmer
maiz i North China Plan[ J]. Agron ] 2008,
- 525
Gan i SK, Lauren J G Duxbury JM. hflience of soil texture

100: 517

and cultivaton on caibon and nirogen levek m soils of the east

em Indo-gangetic Plains[ J]. Geodema, 2009, 153 304

-311
JuX T LuX.J, Zhang FS. Stdy en effect of nitogen fertiliz



524

17

[ 19]

[ 20]

[21]

[22]

[ 23]

[24]

er and nitogen balance in winterwheat and summ er ma ze rota-
tion system [ J]. Sci Sin, 2002 35(11): 1361

- 1368

A gri

LuX J ZhaoZ J JuXT. EffectofN applicaton as basal fer
tilzer on grain yie d ofwinterwheat fertilizer N recovery and N
baknce[ J]. Acta Ecol Sin, 2002 33(7): 1122-1128
) s s [M].
, 2006.
Zhang IS JiangR K Chen X P et al Technology of fertilizer
recanm endation based on soil testing| M |. Beijing ChinaAg
riculural U nversity Press 2006

B

[ 1] , 2006, 26

(3): 815-823.

Zhao JY, YuZW. Effects ofnitrogen rate on nitrogen fertilizer

use ofw interwheat and content o f soil nitrate-N under different

fertiliy condition[ J]. Acta Ecol S, 2006, 26( 3): 815
- 823
[J. , 2004, 24(3): 69-72

Jiang J H. Effects of nitrogen application on cabon assi ik~
tion, transferand yield of hewheat[ J]. J Trit Crops 2004,
24(3): 69-72

[J]. , 2005, 38( 11):
2261-2267.
Zhang L' ] Ju X T, Zhang F S etal Recovery of labeled nt
trateN i diferent o il layers by wheat in different grow h stages
[J]. Sei Agri Sm, 2005 38(11): 2261-2267

’

[25]

[26]

[27]

[28]

[29]

[M]. , 2008,
ZhangF Setal Study and application of nutrient resource m ar
agement technolbgy hamonzing crop high yield and enviror
mentprotecton[M |. Beijing Chma A griculural University
Press

2008.

[J]. , 2002 2(7): 1122

-1128

LuX ] ZhaoZ ] JuX T Zhang F S Effect of N application

as basal fertilizr on grain yield of w inter wheat frtilizer N

recovery balance[ J]. Acta Ecol Sm, 2002 22(7): 1122-

1128

Banan R K W esteman R I, RaunW R etal T me of nitrogen

application E ffects on w interw heat and residual soil nirate[ J].

SSSA. J, 199, 59 1364-1369.

Randall GW, MullaD J NirateN n surface water as nfhr

enced by clmatic conditions and agriculural practices[ J]. J

Envioon Qual, 2002, 30 337-34.
[J]. , 2000 20( 4): 47

-50.

HuTT, LiG Han SM et al Characteristics of nitogen and

phosphoms absomption by winter wheat and is relhtion wih

dynam ic change of soil nutrition[ J].

(4): 47-50

Jalon SK, Smgh § ChahalG B S Soil texture

J Trit Crops 2000, 20

clm ate and
m anagem ent effects on plant grovth grain yiel and w ater use by
rain fed m aizew heat cropp ing systan: Field and simukhtion study

[J]. Agric WalerManag, 201Q 970 83-90.



