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Response of winter wheat to different nitrogen managements
in North Central China
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Abstract; The field experiments were conducted to investigate the effects of different nitrogen ( N) fertilizer rates
and the ratio of basal N and topdressing N on winter wheat growth, grain yield and the change of soil N content in
Hengshui and Xinji, Hebei province, respectively. The results show that indigenous N supply could meet the
demand of N for winter wheat normal growth before the revival stage, and the applied N fertilizer do not significantly
increase wheat grain yield in Hengshui site, while compared with the treatments of applying basal N and topdressing
N, the applications of topdressing N only at shooting and booting stages at the ratio of 2: 1 increase N use efficiency
significantly. In Xinji site, N 60 kg/ha could meet the demand of N for wheat growth before the shooting stage, all
N are applied as topdressing at the shooting stage do not eliminate the effect of N deficient at the early growth stage
on wheat growth and high grain yield, and the application of N 240 kg/ha at the ratio of 1:3 (basal N and
topdressing N) at the shooting stage could achieve higher grain yield and N use efficiency compared with other
treatments. The apparent N loss during winter wheat growth season mainly comes from the basal N, while high top-
dressing N rates at mid-later stages also increase soil N residual after the harvest. Because of the variations of soil
fertility and texture, the effects of the same N management method on winter wheat growth, yield and N use effi-
ciency in two sites are different, so for higher crop yield and higher N use efficiency, the synchronizing regulation
of N fertilizer should combine crop nutrient demand, nutrient supply from soil and regional variation characters of
soil fertility and texture.

Key words: winter wheat; nitrogen fertilizer management; basal nitrogen; topdressing nitrogen

IR HER: 2010 07 23 BT HHES: 2010-12 28

ESUWHE : ERELEMBFRRTRIHE (2007CB109306) ; EZFHE SCHE TR (2006 BAD02A14) BBl

EER N BEWR(1974—) B R KA, B 5, FEN B E RS EHAHT . E-mail: sczhao@ caas. ac. cn
% JHIAEZ Tel: 010 -82108000, E-mail ; phe@ caas. ac. cn



518 MY EFSER/F#R 17 %

He |6 R s AR A X —,
KNERZREBENREAY, LRy 5 RE L
PR 61% " WMREMELEREREEMN. N
R F MK ORI E, AT 3 54
JERE AR SR E =2, FERICEENITFZ M
FORRELXNEZKALERE® T N 300
ke/hm®t™ | o0 AR i A B P R R AR AR
B+ Nmin (NH,” -N + NO, -N) K EFZE , &AL
FIARBERKS . Ju YR, ILAEEREL
/INBUCERIG 0—90 cm 1 90—180 ecm - 2 S AE M
FAMAIIE 275 M1 213 kg/hm® s X ZR % R B, L
FURRIX A /N RS 0—200 #1 200—400 em 12
MRS AR Bk 314 71 145 kg/hm’ (n = 93) , B
FEE LR KIS S, IR, &/ BRI SR b
1 _F 143 80 £E1R ¥ 30% ~ 35% T[4 BRI 10%
~20% ¥ S2ALGE A, A AL IR G AR
HE+rEE. FRES" R, 7RI HIX KA
INFE AR BT B AR R AR AR A e R
50% , AR 2 1ER T 1] —YB M. TEp L AR TE
A 1 B AR L SR T BE R A 19, T 4E 1
EHAECH LIRS RKRES, HIRTFRT&/NE
MAEYEMAZRHEY BT LETRK %™,
PR JE TG PR3 IR 55 4 R, 3R R
REA“RREE SR . FILHES sk
A W R R R R — BB RN, Mk,
FREE I, 75 AR 7 b X 7 S R A1 ik HE
B GE AR B AR 25X, SR T 630 B An e 0
B2 AHB BKER . T B MR LB B ER
PR B BRG], 4 - J5 X g FE e i) £ 1 3
AE 1 A BRI AT AR T s TR R B - 3
TREAAK E 25 BBk, 787 IR HE 7 1 b+ 38 b
TR 5 AU O E 0 20 B [ 4 4t 4% S D, T8 1)
HEREAERER [RIRE 1 08 T625 5 B AR E R
BT A et Xt A S B R A R b X R A R
RRAE BEATAR A AR B, O (R AR W R B
PR i R R AR PR AT B E . UL,
AT R U0 B AR R 2630 LA B, 7 K
IS B BT ST 1 TR S ] B K 5 R
BRI, VO R F 6 AU A B, S th AL AR
P e MES R SR AT R A PR R AR R o

1 bR

1.1 RWigit
RIHT 2008 4E 10 H F 2009 4E 6 HAEWALE &

MR ¢ 2 AF AR Mk BF 5% B 485 7K G B i (115, 32°K,
37.19°N) fIsE 877 T 4k 3% (115, 22° E,37.47° N)
BT, WIAR S AHBES) 25 20 B i K i3k 20
m, B @b B XER I S, R K & 500 — 600
mm, FEARAE 6 ~9 H B VPHRIR12.6C, K
IR 4 R L, #7020 om 4R
RHAETI 9. AL 13.7 o/ke, B BE 7.0 me/kg,
34 84. 8 mg/kg,pH 8.5; #&HT 0—20.20—40 40—
60.60—80 F1 80—100 cm + 2 NO; -N &84 5K
13.8.14.1.13.6.11. 7 #110. 2 mg/kg,NH,' -N & &4
B 8.7.7.4.5.2.2.8 1 2.5 mg/kg; AT AR H
1.35, 1.40. 1.35, 1.36 1 1.35 g/cm’, ERFHH
T3 Eb I £ ,0—20 em HIRECREAE ST AHLR
8.5 g/kg HRLWE 11. 2 mg/kg B ALHP 97 mg/kg.pH
8. 6; ¥ Fh AT 0—20.20—40.40—60 ., 60—80 F 80—
100 ecm )2 NO, -N 4850524 16.2.13.0.14.4 8. 4
F16.4 me/kg,NH, -N 484353 0.9.1.2.1.0.1. 1
0.9 mg/kg; AE N 1.40.1.42.1.38.1.35 F1 1.35
g/em’ s RIHAEMINE X,

I 7 A0, F A KR g R AT e 4
PR BT, BIEAATER TG E IR, ERER 1, &
SEFRREHL X A HEFY , /N X TR 36 ~ 40 m®,4 RIE
o B HIERERT — R, i H &5 5100 P,0,
90 kg/hm” FiI K,0 90 ke/hm® , Ui BB 45 A1 AL 5H
RABIR , NEE T ARTA UL, i £ AEF2
HRRY RS IR, A A MO I e b, 38 AU S 0 FR
K, KRR 600 m*/hm’ , fik/NE S AN A
50 35,1-2008 410 H 9 H(10 H 13 H,5-4) #%
11,2009 4F-6 10 H(6 3 14 H , 3¢ 45) IR, A
HiA 4.3 x 10°#/hm®, 4 7 49 8] Brag A A6, e H
V)45 3 P e R T AT
1.2 HmMRESNE

BPX—EHTEEFYEESE, -2 T3
BRI ™= B T /NIRRT BT AR SRR
BRI E AR AR &R WA
FE/NR A EER 10 m® B ™=,

&R A5 HE 8 4~ 0—100 cm +4£,% 20 cm
— 2 KAE I HE RS WK E MRS A
0—100 cm 14, & 20 em — 2, [6])2 L REM TG 1B
A RAEEHHHEE IR AKETBRLRE,
FREGE T4 12 g fin A 100 mL 0. 01 mol/L ) CaCl,
B IR R$E 50 min, 3 3h 43 BT ( FlAstar 5000,
FH4) W€ NH, -N # NO, -N & & ; JRtTEE
TIEEKE; B L RAFEIR IELNAS &



3

BB, %5 AR RABE EH AR IR /N E BB HSCR

519

£1 WIRB AR R R E (kg/hm’)
Table 1 The experimental design for N treatments in two sites
b st BHER FEAL & WATHAB AL ZRERIIB AL
Sites Treatments Total N rates Basal N Topdressing N at shooting  Topdressing N at booting
K NO 0 0 0 0
Hengshui N180 (0/120/60) 180 0 120 60
N180 (30/90/60) 180 30 90 60
N180 (60/60/60) 180 60 60 60
N240 (0/160/80) 240 0 160 80
N240 (40/120/80) 240 40 120 80
N240 (80/80/80) 240 80 80 80
LA NO 0 0
Xinji N180 (0/180) 180 180
N180 (45/135) 180 45 135
N180 (90/90) 180 90 90
N240 (0/240) 240 0 240
N240 (60/180) 240 60 180
N240 (120/120) 240 120 120

VE(Note) : AEBEF S BRI RIS/ B IE/B IBE The data in brackets indicated basal N/topdressing N/topdressing N rate in treatments.
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Table 2 The effect of different N treatments on wheat biomass during growing season
b Ab 3 B RATHA il T BRI
Sites Treatments Regreen Shooting Heading Milking Maturity
K NO 937.9 a 1645.7 b 8902.7 b 14355.9 b 16311.1 b
Hengshui N180 (0/120/60) 964.6 a 1852.9 ab 9601.5 ab 15047.2 ab 17777.8 a
N180 (30/90/60) 968.4 a 2070.4 a 10572.0 a 14752.3 b 16951.1 ab
N180 (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 15212.1 ab 17048.9 ab
FEE NO 532.4 ¢ 1422.7 ¢ 4153.1 ¢ 10838.8 ¢ 10038.4 ¢
Xinji N180 (0/180) 608.7 ¢ 1445.5 ¢ 5705.8 b 14255.8 b 11564.1 b
N180 (45/135) 699.9 b 1687.8 b 6411.1 a 15216.3 a 11801.5 b
N180 (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

7 (Note) : ZLPEFFES HEIEFTRIFNE/BIE/JBJEE The data in brackets indicated basal N/topdressing N/topdressing N rate in treatments.
[l BB AE I A ) E Bk 22 n W) — iR B s AL BRIR] 22 3k 5% .38 /K Values followed by different letters in the same column mean significant among dif-

ferent treatments in the same experiment site at 5% level.
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Fig.1 The relationship between plant biomass and basal N rate at shooting stage
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Table 3 The effect of different N treatments on wheat grain yield and N use efficiency

e MHRARE  AEMAHR RERFHER REWAEST  EkER

HLS ib Grain yield  Crop N uptake REy AEy PFP, Harvest index
Sites Treatments
(kg/hm’) (kg/hm’) (%) (kg/kg) (kg/kg) (%)
K NO 6479.4 a 185.3 b 50.2 a
Hengshui N180 (0/120/60) 6853.2 a 228.8 a 24.2 a 2.1a 38.1a 48.7 a
N180 (30/90/60) 6742.1 a 223.3 a 21.1b 1.5b 37.5a 47.8 a
N180 (60/60/60) 6521.5 a 212.5 a 14.4 d 0.2¢ 36.2 a 47.1a
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 1.6b 28.6 b 47.4 a
N240 (80,/80/80) 7009.9 a 222.3 a 15.4 d 2.2a 29.2 b 47.7 a
FEE NO 5379.5 ¢ 123.6 ¢ 53.5a
Xinji N180 (0/180) 6416.1 b 157.2 b 18.7 ¢ 5.8¢ 35.6 a 54.2 a
N180 (45/135) 6653.5 b 162.7 b 21.7 ab 7.1b 37.0 a 54.7 a
N180 (90/90) 6555.4 b 154.9 b 17.4 ¢ 6.5b 36.4 a 53.7 a
N240 (0/240) 6527.2 b 169.7 ab 19.2 be 4.8d 27.3b 52.1a
N240 (60/180) 7289.1 a 181.1 a 23.9 a 8.0a 31.2b 53.5a
N240 (120/120) 7179.9 a 173.8 a 20.9b 7.6 ab 30.0b 52.4 a

7 (Note) : ZLPEFFES HEIEFTRIFNE/BIE/JBJEE The data in brackets indicated basal N/topdressing N/topdressing N rate in treatments.
REy—Nitrogen recovery efficiency; AEy—Nitrogen agronomy efficiency ; PFPy—Partial factor productivity from applied nitrogen. [F)3$%{H Jg A [Fj 5 £
Fn [l —IRI S AL PR 22 705 5% B3 /K- Values followed by different letters in the same column mean significant among different treatments in the

same experiment site at 5% level.

R4 TEERELBHMNEEEFHEERFE (kg/hm’)

Table 4 Apparent N balance of different N treatments in wheat growing season

EFiA N input FHH N output AZEEW
A A3 . . RWTAR  RAE 5% % Nmin R
Sites Treatments L A2k Nmin Apparent N Crop N Residual Apparent
N rates Initial Nmin
mineralization uptake Nmin N loss
K NO 0 246. 1 109. 6 185.3 ¢ 170.4 ¢ 0
Hengshui N180 (0/120/60) 180 246. 1 109.6 228.8 a 271.9b 35.0f
N180 (30/90/60) 180 246. 1 109.6 223.3 ab 261.8 b 50.6
N180 (60/60/60) 180 246. 1 109.6 212.2 a 247.8 b 75.6 ¢
N240 (0/160/80) 240 246. 1 109.6 228.5a 303.2 a 67.3 d
N240 (40/120/80) 240 246. 1 109.6 219.7 ab 293.2 a 82.7b
N240 (80/80/80) 240 246. 1 109.6 222.3 a 273.8b 99.6 a
LA NO 0 176.1 67.4 123.6 ¢ 119.9 ¢ 0
Xinji N180 (0/180) 180 176.1 67.4 157.2 b 188.9 b 77.5 d
N180 (45/135) 180 176.1 67.4 162.7 ab 183.3 b 77.6 d
N180 (90/90) 180 176.1 67.4 154.9 b 180.8 b 87.8 ¢
N240 (0/240) 240 176.1 67.4 169.7 ab 214.0 a 99.9 b
N240 (60/180) 240 176.1 67.4 181.1a 204. 8 ab 97.6 b
N240 (120/120) 240 176.1 67.4 173.8 a 191.2 b 118.5 a

VE(Note) : 4EBEF RS NEIE R R EIE/ABE/JBEE The data in brackets indicated basal N/topdressing N/topdressing N rate in treatments.
[FIFIEUE G AS B 3 2R Rl — 3R 08 a5 4 B ] 22 555 5% B35 7K Values followed by different letters in the same column mean significant among dif-

ferent treatments in the same experiment site at 5% level.
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