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Effect of N application on N utilization and N balance in spring maize
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and Regional Planning , Chinese Academy of Agricultural Sciences , Beijing 100081 , China ;
2 College of Resource and Environment, Jilin Agricultural University , Changchun 130118, China)

Abstract: Field experiment was carried out to investigate N application on plant N uptake and utilization, soil N supply
and N balance in spring maize. Results obtained showed that, maize yield increased significantly with the increment of N
application rate, and with the trend of decreasing when the nitrogen application rate was higher than N 240 kg/ha. N re-
covery efficiency decreased with the N application rate. Nitrate content in the soil profile throughout the growth stages
showed the trends of decreasing rapidly first, and then rose slowly. Nitrogen application significantly increased nitrate
content in all layers of soil profile, and nitrate content rose with N application rate. Appropriate rate of nitrogen promoted
plant N uptake and utilization, and plant biomass and yields as well. Over use of N resulted in luxury nitrate accumula-
tion in soils, and therefore enhanced the risk of nitrate leaching into the underground water. At harvest, nitrogen applica-
tion significantly increased residue mineral N (N,;,) in soils. The residue N,;, in soils rose with N application tate, but
the value decreased when N application rate was over N 240 kg/ha. Under the experimental conditions, with the consid-
eration of yield, nitrogen utilization and soil nitrate accumulation, a reasonable amount of nitrogen application should be
controlled at about N 180 - 240 kg/ha.
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FE L3 =25 3% T R, TR) B S AR T K AR T 4, X AR AR IR
M RIS B, R B R B AT e A N,
AR EZE 7 E MM R F L5, A
TE—EEE R EXR>REE A & K5 imig
L EES—EEE, ENEAE AR RS
B, XM AE TR, BAT, BoREENFRAERE
R ZON K R B, 3B 2 00 i AIE i R I B 5 AR
BT Ju %02 B BR ST T R BBUK B
R R L /N E-B F R AE AR E A
RISR B30 , 38 S /ER &R (N) 550 —600 kg/hm® Y
AEBRARREER G, KM M T AERNIR
Bk, AREEHANERNREF AU XIFE
MM A EEEFPELLEERE, FILEEREK
REMRE KMERREGARTEER, MEA
FFIR ALE B K AR A 0N 3R 35 AN O T I B R K
B R, FRTARKEHEMEER=E AZ
WA EHSA R U XA R PE R
RE, AR XA ERREE = BREAZANA
RMARPIAE HAR T AR R KR

1 ARk

1.1 KWt

R T 2008 4E 5 A Z 2008 4F 10 A FEH HAE A
FIE TR EEST, %X 8 IR 20 K R
SFEX, ZREHKIEHA 18.2C,FE/KE 515 mm,
FUR 3331.1C, R 140 d £/, X TENF
LEHBEL,ABAT0—20em T ETERSTE:
pH 6.2 . T EH IR 18.3 g/kg & 1.47 g/kg iR
A, 140.1 mg/kgdi%(ﬁ'%(Olsen-P) 14.8 mg/kgdi%(ﬁp
(NH4Ac-K) 132.0 mg/kg, #& AT 0—30.30—60 #1
60—90 cm T EHHMHEAA T ESFIN 12.2.12.4
7.3 mykg, BRAETESH N 1.6.1.5F 1.6
mg/kg,

REBRE 7 M EHAEKFE: N0.60.120.180,
240,300 F1 360 kg/hm*, 435I F§ NO.N60.N120,N180.
N240.N300 #1 N360 &, FEHL X HHEP) ,3 IKEH
BB MR (LS HE (L), EHEN
P,05 90 kg/hm’ . K,0 100 kg/hm® 4#5 D) 2 iE T =,
A BIEARE, Kb 173 /ERE, 23 BRI (6
A 26 B)EBERER. B/NXEHRY 40 o’,6 2
R,10m K, EXRMMEFELERERG ™ HM
R 958, PRI BN 6 x 10° #k/ hm®, 5 H 2 B #%

5,9 A 29 BikEk,
1.2 #RXESHMAE

TERERSHNTERETEELT Y, B 37
DAS,DAS A #&FJa RE0) 3k 753 (55 DAS) fili it 3
(79 DAS) it 22 31 (90 DAS) ¥ 3% 3 (117 DAS) F1 &K,
B (150 DAS) RELE /MR 0—90 em + A,
F/30em H—F. B/PREHR 2 &, FHEKH
BREN1IAPAEH, BT -200C B ERF, HHE
%G, PR 12 g 4%, A 100 mL 0.05 mol/L CaCl, ¥
WRE,BY 40 min 33 I8, FHFEE ™ Foss B i3 1k
S P ACIE NO; -N 8, HRBEEE L EFER
NO; -N T B#E H 0—90 em /& NO; -N HEE,
2 NO; -N S B FENE +HESKE,

A AR RE 7R SR AR M O B ) B R R R IR AR
BHERR 3RS 105 CTHREEESK
B UEMEHTYE. RSN ER 30 HKE
K, F B 2% = SPAD -502 Wil %€ &% b 58 & & FF vt Fn #
i it SPAD {8 , B 30 N0t I P38 4 /N X Y SPAD
. Wk Bt B H) DY 22 B oK PRI AT = . R
MEER LA SERAER GB2905-82 ik, ¥ M
BYREAERNE,

1.3 HXBHHITHE

REF 2R 218 A B B E 2 2 Y R U A
ARESR, RAZHEBRITE,ALH:

REMAR(%) = (A XK EFFRA
B - AR EHRRAE)/MEE x 100

WIRIEH (%) = FR=R/BEYE x 100

AEVAURBLAXEYRARSARATE -
FETARK ST B TR EAEHN
BRBBL, B EHEAEY T BARTIHENT
AEXAH [, B

T EAREHTIE = A BIE Xk B34
APRREBE+ AHARR T ERBLIAE - FHA
fEX +#EE s TIAE

MRIE R P A B T A 0 5 2k 10T, B AR
AEW AR PERER.

REENHRKE (kg/hn’) = BAE - 1EYR
W& - +ERELNAE;

Hy  AWmAR=-FEHE + ERITINAE +
ARETIE,

BT #0885 Fi SAS8.0 Fll Excel 2003 347 4L 3
Gt
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2,1 EXF-REAEMAE

R1EBEH MAEEREZEREEXRFRTE,
7= 0 BE N 25.8%—54.7% ,FeH L N 240 AL FF= &
R, EHEHNEARHARE - FREER™
B, KIEFE(Y, kg/hm’) 5 A& (X, kg/hm®) §
RARAEN—LZKEBELTRE: Y= -0.0581X* +
29.308X + 8342.3(R?= 0.7789* *),H BBIES
PR 12038 kg/h® IR AL TF =& 12031 kg/h® T
BIMI R B4 %128 N 252 kg/hm® F1 226 kg/hm’,

Hi I RUIE ] B R E E R RORE R, B S A
B N 120 kg’ F R/ ERAKEEZRAEE, 5
NO AH b , i AR 2 25 (R T WOk 38 E K i B AR X &
R, ok EHARRWKRA L AR
BRI A R, E Y A BB N 120 kg/hm’
FEEEEKTFEZREAEE, ML EEARNGE
H-BREERTFRR, BRAREERMEX
RAERTHRE, RREMNHRTHE, RBAEED R
WCR) P 3R 3 JE IR 3R, B B TR 4 L 7= A % 3R 4

x1 ERTFEREHEFAE

Table 1 Grain yield and nitrogen recovery efficiency of maize

B kB SBRAE ARFAE

,ﬁf Yield HI TNU NRE
(kg/hm?) (%) (kg/hm?) (%)
NO 8176 d 52.6 b 97.0 ¢
N60 10285 ¢ 51.7b 142.1 b 75.2 a
N120 10861 be 58.8 a 175.4 a 65.1b
N180 11397 b 54.4 a 180.0 a 46.1 ¢
N240 12649 a 59.5a 205.2 a 45.1 cd
N300 11433 b 58.2 a 206.0 a 36.3 de
N360 11508 b 58.4 a 203.2 a 295 ¢

¥ (Note ): HI—Harvest index; TNU—Total N uptake; NRE—N
recovery efficiency. FFIMBEA A FHRRNABEAERE 52 B F

7K Different letters within a column are significant at 5% level.

2.2 THRBREARBEDS

MEERM EFEREEMAZHENDISTR
Wx  ABHB P ER S EHNAYERES
AT 1%, BRYHUEAKRE, 2 M b
HEYEEEAREYEMN 45.0%-58.1% , R H
Bk 8%l b, BMEZEEMERRIER. &1
AR TYRMBARTHUBEZHEIRG R,

ARELHENTYRREREES TAREALRE, A
BEA T B, RS AE S RHE, RBB N
04 B TYRBRREERK(E 1), X EHE
ERBRBAEAYEDIFEA—-N(H2), EXRK
FHMHEASAHALEANARHEAERELEEE
F; RTEABALBARZRREREHES TAEA
b3, RERRE BT R A B B3 b
hn, A N 240.N 300 A1 N 360 M B R EZBERERE

)
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Fig.1 Dynamic dry matter accumulation in maize shoot
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Fig.2 Dynamic N accumulation in maize shoot

2.3 TEHSEARIRRARRHETNL
ARABRGT , FERENEFTH 0—90 cm %
TETEESATERMK, BTN L ET RA
(Nopio) N BB RSB, LR HEERA BT,
B 3 T, A 4T 0—30.30—60 F1 60—90 cm
IRHEASACTEERATHYBTAMA L H
(NO); HEEERAEBTHEHER L AR A NS
B, 0—30 F130—60 cm HENHSR S EEY Y
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30—60 cm

NO; -N content AR & & (mg/kg)
£
T

0 50 100 150
H 5K # (d) Days after sowing

B3 EXRFAEAEEHELEHESESE
Fig.3 NOj; -N content in different soil layers

at different growth stages
[ (Note) : %53k 438 FERY 18] Arrow means top dressing time,
AW G 56 d, 56 days after sowing]

&, Fl)E TR AR, ZEHE R 2 T IR ERIE R AR
FOERBADEMR, RREH A EFA., 60—90 cm
WAESEDAN MEMLZHEHRSATERE
BARA  EF AT E T, EZ R,
ERE R TREEN EAEMFERITLE
FAER, Rk HERAED RV ERM EE4Y
BEERK , FORBEMN, E L ERSAFTETE
TR S EGZHRERNERERNERE
KBTS A ERERKBERERSEALER
AR CEBRERRER, RKER W EPRFLS, B
TEPHIETERE TR, EXPEEWNZE, +
H0—60 cm AR B T2 ERMARERAE K
MEHESBEEETE MAREEYREERE
BRI SR FE TN BEREREE E 60—90 cm L2,
E M 60—90 cm + EHEF I HF . JLHRE N300
1 N360 Ab 3 FE 3% H A1 LR 60—90 cm 1R

ATERYEE, EMTHERZE L ERHHRE, &
T RS AR BRSOk b i A B A 3 i T
s BB 0—30 em 12 N240 A BB A ST ER
o

HE4TH, FHALHEAERENMBTHM
WAARREGAVEZR., B NOLAHEEZ LR
PSR R R &/, N240 43 0—30 cm +Z 1 0—
Wem T HRBEAREERS , S BHEIFRA K
mE s T EHESANRE, HHSAHE0—30 cm
TEWMSEAREEET0—0em + 2, THEEE
BFEHERERBNT L EFFHEERS, R
Pl THERERK &8 T EHSARREEER
RESARREEAHMEARNATHAE; 2
AR ok Z BRI, B T ERERE G HEF
ARFAEHAER X L EFRSHFER N, FRHEE
ARRUZEMRK, RBHAEHERE ERAHER
FENZWHAGE. EFEHLENSARRERH
it 4R B B B3 0 T 38 0, L N240 A BRIA A REE AR Rt
BO30emBENHSARRE, RIEEWER
BIRFR TR, W & M A N300 F1 N360 4b 3
R THELEWSARERR, #EYH EH IR
A E R IR 4 1 & 4B R X FR 4 R R, [ A
BT AR N E R K,

2.4 THAEFH

ERARVEREE, R\ E N MEREER
W, TR T B R IE AP 2 R B A 8 A A A
R, EERMACFEBAR BT L EESB Ny M
REVA=%2; AFH L CEEY R BIRE
TR N MRWB K =85, Hp, RUABK
RAZTWMALESEY R 2R E N, AT
2z 2=, BP9 45 b 3 HE Rk 20 A X % i 4 38 (NO) B
WMEBE, ARARVPEITES B LFE NLTER
WE A 0—90 em BB, BEM R BRI TR £
EZREK,

R2EW, NEME AW, AR RNHR K
ARG M, AR N360 b BAZTR KR
% ,iA N 147.9 kg/hm*, X EER/EYR B R WH
BEEARFASBREN A KM MRS
) N240 b B R A F HE R Fr 4R 78 R T RE I 2
HARAE R RS F R, B NARRWH KB, L
A N 22.8 kg/hm’, T N60.N120 F1 N180 4b 2 W K
REMENA BRI RIWB RN RE, 65704
MAFRABAFZE, RE=BEMR,
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Fig.4 Dynamic of soil nitrate accumulation in different layers of soil profile
[1F (Note) : B FARIFBERERIE 5% B.E/KF Different letters above the bars indicate significant at 5% level. DAS—Days after sowing]

R2 EXRENEFHRGLREAETH (kg/bn’)
Table 2 Nitrogen balance during entire growing season of maize

N# A N input

N#WH N output

=N
ol WAR ERENA e AR RETHA ffjffﬁf;
N fertilizer Initial N, Net mineralization N uptake Residual N,

NO 0 163.4 26.8 97.0 ¢ 93.2 ¢ 0.0d
N60 60 163.4 26.8 142.1b 128.5b -20.4 ¢
N120 120 163.4 26.8 175.4 a 142.3 a -7.6 de
N180 180 163.4 26.8 180.0 a 187.4 a 2.8 de
N240 240 163.4 26.8 205.2 a 202.1a 22.8¢
N300 300 163.4 26.8 206.0 a 197.0 a 87.1b
N360 360 163.4 26.8 203.2 a 199.1a 147.9 a

3 (Note): FFEREPARERRREHEEZRIE 5% BEKFE Values followed by different letters within a column are significant at 5% level.
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ROIE i F B A0 B X R = B A m IR R R R
FEEEW, AHREAN, EEMA T DIRE FH
FERHER BN ; SLA ST B A IS IR
B HHRAE AN, MAXMEERTRE BE K
FEYER  (E e R & B3 = B AR e A K, Z e A
SR it 28 B 0 38 A T AR CYST . 3R an i 5 DSV B 5T
ZH, AEBENFERTRBANETHELMEE,
DL 172 NAEEAE + 172 N 1Ei8 FE AL 3 7] 3R 45 &% & 7=
B . Tanaka 271300, b6 %5 M 5 B i 3% A, A8 MR A0
IR AR B B & A E 0, (U RIS R R R
BRI B . ARG REZN, ER= B
REMINNEERM, YHEAEST N 240 kg/hn’
B, =B RNA KM B, OElA W AR
INE KX AR R, B AR 5 )RR A
B 1 3 0 T 2R T R A

T EHEHESEN S EIRE 1 ERE A
BMAEBHHEARARMR, FEHRHEL, LEKY
AEMARESERBASRAETETHER, L4
TS A B W M R B 0 3 i B 0 (e X
REESREHARN, T EBPSANSTERER
B ANR MR, XA X 0.9825]; wg
RRE,AFEEARNEE L RV ELHESABS
BAEEW® GAEETREHA RN, KRG+
ELVASERASZAY, TRRSgprexm,
THENO; -NEREEFRENT/AE L EZHEM
5,020 cm B NO; -N S EBEXKBOHUAT TR
ARG EFs 20200 em £ )28 NO; -N S £
EHZUR T, HZUEEFH. SHAR, Dou
B 2ERS/EREMBFIFRE RN 0—25 M
25—45 cm 2 E NO; -N S EBHAEXREME 4 AL
FrEl s RME, WG T, R EH,0—90 em -
BHWESASEEMMBEHUR TR, WEEm, 5
FREAPRENE ERMLL, ATRBSA LK
BESEER S, RHEEEFEXRESMAE,
AERKERIERP], HEALBEENT &2
WAASE, K &R LE T L) N240 AL HE BB R ¥
BEAH 030 m BEHN T EHSATEMERE,
AR FHEN A BT HED X FHHFR, W N300 A
N360 AbEH B AEARMEM T E MG MK L5
A A R, VR R TR R LR JEABR 5 U X 3R

F KRB WA A L AR W S T X A%

WHA,AESHEEASE, BT % B3 A=
N AN BRI R AL, BN IR+ R B AL AR
k. BFRRM, I/ DE-FERBIEWRE ERE
+ 3% 0—90 cm FR B KA S AN 473 + 125 kg/hm?, i
Ak it FEL ) i 5 B AR A A R FE B T RO AR B P
RREHE S ER P ER 0—90 om + 5k B
BAERET 90 kg/hm?, ShoE 10145 & 7 P2 3R 58 38
BEREE,ARREL L NEZ/EERBER,
T THLA N E 3% A AT T ZEY R )
A% EEREED 150 kg/hm®, AR EH,
REI T ER-/DNERIE LB RIEHIFERZE
Bl #E 150 —200 kg/hm® B9 36 B 1032 5E B8 D i
RETUERIE=E Y F, BEHARELEFS
BB, AHRBE , ARNBEAETFTRLEER LA
B R TTHLRZEILTE 93 —202 kg/hm® Z ], K K4
FHARATHLENBIERNT RARENRN 190
kg/hm?, &AL DL N 180 F1 N 240 A B A £
RMAMARWEERRREPE, RLARRRHRER
Bik. LR, SA-2. ARMNAREREART
BARBREGT, RESHEMEHESERE N 180
~240 kg/hm® LB B ANEH

B % X W
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