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Response of Spring Maize Grain Yield, Nitrogen Efficiency and Soil Mineral Nitrogen to Nitrogen Application
JUAN Ying-hua', WANG Ren", HAN Xiao-r1i%, SUN Wen-tao", XING Yue-hua'

(1. Institute of Plant Nutrition and Environmental Resource, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China; 2. De-
partment of Soil and Environment, Shenyang Agricultural University, Shenyang 110866, China )

Abstract: In order to increase crop production and reduce environmental pollution by nitrogen (N ) fertilizer, a field experiment was carried
out to study the effects of N application rate on spring maize grain yield, N use efficiency and temporal and spatial dynamics of soil mineral N
(Nuin)- The results showed that the yield of spring maize increased significantly with N application rate increasing, but once the rate exceeded
180 kg-hm™, the yield began to keep stable or trend to decline. With increasing of N application rate, N agronomic use efficiency, N uptake
efficiency, N partial productivity and N harvest index all decreased significantly, however, N apparent use efficiency and N physiological use
efficiency both first increased and then decreased. From seedling stage to maturity of spring maize, NO;—N content in 0~60 cm soil layer
showed a trend of increase—decrease—increase—decrease and keeping stable at the end, but in 60~120 cm soil layer showed a trend of in—
crease at the late growing stage under N treatment. With increasing of soil depth, soil NO;—N content decreased in a wave manner, when N
application rates were 240 kg-hm™ and 300 kg-hm™, NO;=N content in 60~100 cm soil layer was significantly higher than that under other
N treatments. With the increase of N application rate, NO;=N accumulation in 0~120 c¢m soil layer increased significantly, but once the rate
exceeded 240 kg-hm™, accumulated NO; =N in soil layer had high leaching risk. In view of grain yield, N utilization efficiency and environ—
mental benefit, 179~209 kg N -hm™ was the reasonable N application rate for spring maize under the experimental conditions.

Keywords: spring maize; nitrogen application rate; nitrogen use efficiency; soil nitrate nitrogen
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1 #MHETE

1.1 RXB&igt

RS T 2010—2011 4FAEIL T4 B KBl H 2 WH
(42°46'33"" N, 123°57'39"" E) 17, % X 8 T H iR
TGP 0 2 R i P A, ARSI 7.0 °CL 4R34 H R
Bl 2700 h, AR 500~600 mm, TCFEHH 148 d,
=10 CH B 3 200 °C.. s 4358 Ay S A T hrIgE
0~20 em 2+ M0 FERE BRI 50 : pHO.10 A ML
18.50 g-kg™ . 2% 1.23 g-kg . £ W 1.08 g-kg™ . &4
13.81 g-kg™' . WHfEA 114.00 mg-kg™ . %W 18.21
mg kg™ EAA 156.00 mg-keg™, FEFHT 0~120 cm +
R A SRR 1,

2010 4 H ] 00 e B 6 i & 7K F-: 0,60,
120,180,240 kg N-hm™ F1 300 kg N-hm?, 2351 FINO |
N60.N120 . N180,N240 F1 N300 /i, BEHLIX 41 HES1, 3
WEE , BACHRHR 8% (L P,0s11) 97.5 kg-hm™
(NO b H S R 5 A0 ) , &AL ER (DL K0 3f) 105.0

kg+-hm™, AT AFEAE I it A ; B RIKRE, Hrp
2094 HEAE , 40% A4 BB AL (6 1 28 H ),40% 11k
IWUOHEEE (7 A 31 H)o %8 /NX RN 30 m?
(5.6 mx5.4m), HHXF AR ERE 958, e 2 B
7 6.2x10* ¥k -hm2, 4 1 23 H#&F,9 H 23 Hikdk.
2011 475 2010 4F3050 7 R —5, 5 X 7E [F]— H
Yo AL AR E o
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T HERE S BB FIIT LR, BERE 15 d BURE 1 9k, SRR
FE1IOW (5 H8HSH 23 H(H) 6 H7H.6H
22 H. 77 HOEA )7 122 HORMIWUE ) (8
J 6 HGhEES) .8 21 H.9H 5 H#ERI) .9
20 H OB ) o BCRFERT , REEREA/NX 0~120 cm
+J2, 5 20 em h—J2 . B/NXFEHLIREL 3 55, [F)Z2 K
R 3124 7l Wi W= AN & 2 B RO [ K
B e+ R ) ad 2 mm G, 004 e, — 305 AL
T AR B i — A I E TR
R, BART AR AR 10 g fif 1, ] 100 mL 2
mol- L' KCl %I HE, 160 remin~ ¥£¥% 1 h, 133854
UEWARAE T 18 CokAR R 3% 2L 30 43 BT (R
(AA3, FEEAE RS HL s w)DME RS RS A ST 5.

R BT RS /NXIEE 2 17 F 2K (29 6.7 m?) I 5E
AWy AR JE R ST — SO R 5 B OK
F1 3 RFGFRAS I SEG 3, 5 Ry 5 [N, #5328 -
FERLFIBRRIIN e e BT it . P20 | B, B— 003 2
ANGEEBET 2 EE, IFE LT R, PR TR e
ﬁﬁ%)ﬁ(o-zs mm) ) JEH H2504—H202 (ﬁﬁg ’ ;f%ﬁﬁﬂéﬁ/(ﬁ
FF BRI 4 o s
L3 itEFHEEHES

A RANZCRSEA A A PR

RINEFIA (% ) =it AL FRAVED R A - A

Jit AL BRI R )/t R A< 100% (1)
RIRA AR (kg kg™ N)=(ili B AL P B - AR
Jit AL B )/t R (2)
FHEAE BEA I # (kg kg™ N)=CJiti 24 3™ A
Jit AL B A SR (3)

x 1 RBET0~120cm TEHFRERE
Table 1 N,;, content in 0~120 cm soil layer before test

WiH )RR em
0~20 20~40 60~80 80~100 100~120
HAZ/ mg kg 13.57 10.51 6.80 4.01 2.70
A mg kg 4.19 2.66 1.25 1.26 0.94
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R &M 77 (kg kg™ N)=Jiti ZALFFFR7 7™ /it
(4)
AR WMOR (kg kg™ N)=AEY) W A & /)it Al 5
(5)
RIBAEEL (%0 ) =R PRI R W EYIR R )x100%
(6)
T3 A )2 A (AR S AR B
17 (N, N kgehm™ )% T X145
N,i=dxP,xCx0.1 (7)
A :d BE)ZREE20 em) ;P W HIERFE (g em™);
C HHIEPHER ISR T EN, mg-keg™);0.1 K
P R TR R NS RS R SR
ZH 2 E 0~20 em HEARE A 1.15g-em®, 20~40 cm
TIEHEHERN1.23g-cm?,40cm N2 LH)ZHE N 1.38
grem™,
IR 2 AP E e X 3R, A
Ak Microsoft Excel 2003 F1 SPSS 11.5 g7 5340 #
KBt ohr.

2 FHRESH

2.1 EEXFEERREFHE

i 5 it e B B, R R = i 34 S i 5 R
%, T B TCRU A AR (3R 2) A i, il b 3
SRt R AN FE 2 (8] B B A 25 5
MK 2EFAEE; AAHZ K 2ERARE,
T A R RL ™ i ) 22 5 S P A2 it 2R o ) 24
N240 4b PR E R P 2 T At it 22040 P, N180 A1
N240 JbHUFF 77 it b 2 e T HA G AL 2, i —2P
BT A EORFPRL T S A R R
(1), YA K 200 kg N -hm? B35 5 5 7 2
10 847 kg-hm™, 4Hi%E K 179 kg N+hm™ i 251552

i
il

74 10 806 kg hm™ (R dygrs s / dy corrernm)
SRBHORAG A= 0 7 PR E A A 5.20 Yuan kg™,
FOKFFRE 1.90 Yuan-kg™ 1) . NETRGER IAREE s
R RIS T AU s, AR/ 2 i 5, LA
N240 4 FH &% =5 (16 051 Yuan -hm™), H ¥k & N180 4b
P (15 815 Yuan-hm™), Fifi 5 it &390, 7= £ Lo R
i, LA NO 4bFR A 75 (11.14),N300 4bFE A1 (5.89).
LA o BTt S R R B AR s i 2R B
BAEMEAETE 179~209 kg N-hm™ 2 [,

12000 N .
| .
| - - - L £
59 000‘15"
| 2
Z Y=-0.045 3X +18.95X+8 866
iz 2
) : R =0.763 6
E6o000
300 o
0 100 200 300

Jiti A et kg + hm
B 1 #HE5EREZERNXRUE
Figure 1 Simulation of the relationship between grain yield and N

application rate

22 EEXRRIEFARE

AN EVKE T & ORI EERCR 3R 3 s .
Bt it R, SRV RSG5 B, it
R 180 kg+hm™ B, Rl IR B e A, H-5 HAD A
SIS i 2 o AR 2 R FH 3R e A it R e v R
N120 b4, HoAfth it 2204k P 52 B0 ARG R 34, 156 B RUIE
7 555 i I it 2R 1 N T R o ZEUNE A R FH e B it
AL G G FEAR, A sy 180 kg-hm™ Al
240 kg-hm™ [}, A= FEAI FH AR 3 05 K, H - Z 0] 22

®2 FEERKETEERTEMRREFE

Table 2 Yield characteristics and economic benefits of spring maize as affected by N application rate

MENERL 2%/ Yuan - hm™

Ab¥ K /em ERIE /g KPR kg - hm™ e fro P P
NO 14.80aA 29.70aA 9 058.00aA 14 492.80 1 193.82 13 298.98aA 11.14
N60 14.87aA 33.57hcB 9 762.67bB 15 620.27 1 423.05 14 197.22bA 9.98
N120 15.64aA 32.41bcAB 9 913.33bB 15 861.33 1 654.81 14 206.52bA 8.58
N180 15.87aA 31.69abAB 11 064.00cC 17 702.40 1 886.57 15 815.83¢B 8.38
N240 15.51aA 34.57c¢B 11 356.33¢C 18 170.13 2 118.33 16 051.80cB 7.58
N300 15.51aA 32.71bcAB 10 120.67bB 16 193.07 2 350.09 13 842.98abA 5.89

VE N EoK 1.6 Yuan kg™, JRE 1.8 Yuan- kg™, BfR 4% 2.6 Yuan- kg™, LA 4.5 Yuan kg™, i BEARES 0.75 Yuan-kg™'; [f]— 5 i 5 A9 AS TR
INE TR FhE4 5 Fem A B IR 25 T8 5% .35 KA 1% 58 E K. R,
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Table 3 N use efficiency of spring maize as affected by N application rate

N L L T e —
NO 68.5¢B
N60 21.3aA 11.7bB 4.0aA 163.0eD 3.0eC 67.9bcB
N120 23.8aA 7.1bB 4.4aA 82.6dC 1.6dB 65.8bAB
N180 28.0bB 11.1bB 9.3bB 61.5¢BC 1.2cAB 65.8bAB
N240 22.2aA 9.6bB 10.5bB 47.3bAB 0.9bAB 62.7aA
N300 19.8aA 3.5aA 4.7aA 33.7aA 0.7aA 60.8aA

SR E R EMMCRCR AR I E = 1 b it R
BTN i AR, BB Y L N6O AbBRER A, 43K 3.0
kg kg N 1 163.0 kg-kg™ N it F &L T {2 2 R AU
PR, DL NO AbBR K (68.5% ), 1824 jife % 43 1) 7E
0~180 kg-hm™ Fl 240~300 kg +hm™ 2 [ii] i 4 Jiti & 7K
PR 2ZEF AR E
2.3 HET RAEMNE S HHEHE
2.3.1 IR AR S J3 A RHE

AR R GRIREE R ARSI ), BRiB R (6
A 28 HOAKBMIWTTAE(T7 A 31 H )Ja AT A
HH 0~40 em +2EAR T B IMN4~27 mg k™), H
RABIHHS 2SR R (<6 mg kg ), A
FIH B A A B AR R TR A AR
s 3 HA S RS 5 1 T S RURL I T, AP AR IR S ]
LA/ TR 3 T A AR S O L BS A S
AR TR A A AT Z AN
2.3.2 TIESAS RN A A RHIE

Jit A s oK IS AR sh A A, K
1 R AR 2 AT R AT TR AR 7 R )2 TR R T
(E12)o YPMEFABEALEF IS SEELEFE 0~60 cm
TEMEAGRER EA—TRBE—FA— T
SE AR R R T 60~120 em 2RSSR A R0 230
“ BT b SR L) 0~40 em
TR RS s, HRE 12 MR R 2 R
TF

Yiti & = A 60~240 kg -hm™ B}, 1] 0~60 cm +
JEAEAS S R NO AL BB 1 in, ELH i 2 b
SR I T K. THE AL, #5979 0~120 em
TR S AN, B 0~60 cm ¥§ IR EER
T 60~120 cm, X F WIS 1 BT I FORXT AT
KA, SNEBA G H A SRR TED A
KX AT K, ZRMWEARFEEEAETIELZ K
WL 3] N180 \N240 F1 N300 4b 3 - RS S A A

] )2 PR, 16 40~80 cm AbA B iy B2 FHI
WO H T MU T B it AU, e T N120,
N180.N240 F1 N300 &b ¥ 0~40 cm + 2SR S &
B IEHN, LA N300 4b#ili A ; N240 Fl N300 b FH iy
THA A RFEIE R 2 80~100 cm Ab , 1 HH 12 5 it FH 11
RIS R A RZHEARZ 3 TRz 1
BE R rg R o SHIHEIAH L, SR 0~40 em 1)Z
A R TR X T, — L, BT
A B AR A R OGRSB4 WSO R n s o — D T
TR IS RIS B E R A

RIS TS A R R E R VA, itk
- SRS A R I 25 20 A7 R 2 R R A ZRUIA 2R XU
A ZAERR, 0~120 em + 2SR BRE ) Sh5AE
A&l 3 s B 3 HaT DA Bl it U2
0~120 em 1JZHAR B R EHM, MilAE
it 240 kg hm™ B, S A BRI K AT
EFRHEDE,0~120 em 1 )2 SR B E SR 3
A AR ELAARAS AT R R UK P15 . 5 N180 AH
[t ,N240 F1 N300 4bFH 0~120 em + 2R A B &
TEREAAE B WA RIS & WS IRTE 18.29%~56.2%
Z I8, 33X T it A AUIEAE 3 b i R s AR AR |
I BE N240 A1 EH , N300 4EFE 0~120 em + 2 A
FHETES 6 HA— W KIEEE MM, X317
286.34 kg+hm™,

3 itig

3.1 HEEXRFEMEBH AR
P SRR, A R At AU AT IrE e,
TR, K™ 1 Bl A it R 1 2 ki £
S O G REEELL TR IR B AR R, A R
TR PR AR WA HRITE 200 kg-hm™ 2fy; F 3
FUERIRVTI R L EBFSEIA N B FOK B E it A
NEHITE 165 kg-hm™ AN s (HUG R, BT
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Figure 2 Dynamics of soil nitrate content during the growing stage of spring maize as affected by N application rate

7S FOK SRR HET i SRR AL R ARBESE 2 AR A R A V] GE R FOR )
TP FRAN 5T B it 0 FORAPRL ™ i3 PRI TR  FE I SN, B kL™
PERIAR, RACFIHRBEE R G IR SR Tras i B, St A= 180 kg-hm™ i}
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Figure 3 Dynamics of nitrate accumulation in 0~120 cm soil layer

as affected by N application rate

KRR, 4350 11 064.0 kg +hm™ Fi1 15 815.8 Yuan
hm? B XA E R E UG, & RERET 23]
PO, R P R P RS 1 A R A T Y
RERERL 35 PRBICR 1935 oK B i b it /U R 209 kg
hm?, SR8 T P i AR 179 kg-hm?, 53X 5 52 bR
R A (180 kg-hm™) 22 5K R, 25
BB RMATES, AEMAENAE 180 kg-hm?
Fikio HTARIGA R 2 4RI IR 2 R, Xt -3 w5k
B AT (BT AR B i 154 kg-hm?) A
114) G Bt P ek R SRR ) R AR 46 o T il — A BRI
RINBCE R A AP A A IR R R 25
B RBI, FAE A EIER R R AR
FRF 2 A 7= F1 R VRN A& FHARSCR T 4 4~ F
BEFEAT , B AN 2 8 AR RO SR 2R e e
TAEYIXF A 3 b I RERE U SRR, R AR 2R
I 582 A 350 A R AT B AR 1) SR P A5
AR A i o A8 2% (R B RIR LR
HAE 19.8%~28.0% 2 [0], X T4 V- ZACF %
(30%~51% ) ™, 53 J& i T KR R0 A v L B3R
A8 75 FIXE LLRE 96 1 R R R TE N85 R o Bifi 4 it 20
TEHEIN , RUIE B A FH RN U0 A B P R 34 1 2 b
i, Mtk 180 kg-hm™ B EIR K, 4351 428.0%
F19.3 kg kg N, XAt A & PG , RAE A H
SRR A BRI FH 3R 0 2 B U 2 R R 2
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AR AT, B 2ER RS R FA R

A PR FH A0 AR A S E i A I, iR AR
AL G NSRG53 1355 AR
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ISR N SR H ) it 2t 1 o 8 25 BRI, 136
AN G TR A R R R e 2 AR $R
e RIEFFHRCR ARG 25 R L REUL AT EY A
NEASCRARAE , L 38 1 B A T A T K A ke 56
ik
32 BEEXRTETRAPIEHH

AHIF5E B, bR MIEAE it ZUIE 5 44515 3 Al
19 0~40 em 241, HAAE TN 0~120 em 1284
R B HAR (<6 mg-kg™) , R 1 385 1 v A7 AE Al
YEYIR SR A R AR R SR, X 5 F b
IR S PN B 8 2 AR I AR A5 A — B R AR
WA , it R 1 B 3 A A R R AR R
KRBT R , RN A RS i Sy SRR R A 4 it 2L
SR N, 2 R FOKAR R A KRN 1.2
m®! FORME 1) 95% 53 A fE 0~80 cm + )21, FOKAR
X DA B - B S ARMERY 1 R MSOR FH , SA i 9
0~120 em 4 JZ1ERVEYIXT F7 53 B9 A ZOR M Z R IEM
TS S R S AR ARE

i 25 it LR, 0~60 em 2R A A S B
i, 60 em DLUR 12 TCRUEEME AR AL s B 12 TR,
IR A A A DA R TR X5 P A RO
LT HCAEP ISR S — B, DA RN, R
AN Ay ORI E Y A K R H IS A A
(5% B T ZEAETE P ORI A (NGO N 120) |
HAUE B (N180) Flis &L 7t (N240 \N300)3 ik L
I HILL 60 .80 em 1 100 em “h R4k, b2 1 BHERY
SRS EHWE R T F2 L8 S5ER L RS
FEANFRAR LG, AU AL B N240 1 N300 7E 1455
AT A B S A R R R B, LR A IR 2R
FRUEZ BT T 1285, X b — A UE T I% i 2 A 3
TN SFEAE A R B T v it N T RS AU
VAR KU, R FOKAERN IR, NO 4b 3 0~120
em 2 AR B — B R PR, XM
G A AL T TR ARG 25 SR I A o X2 T
— 5T, AR SR R(RE R, BEFIET 0~
120 em + 2 A AR B FIS 124 kg-hm?; 55
—Ji L I X B R K BRI W, LY e
FHRRZ, F AL B IA R 141 kg-hm ™2 A] L, AR5
SAEN B AT 35 B ORIt R i IR S A R
B 2 A FEE T, IR W ER ERARAE
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