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2.1 EERFERFZWEF A

Bt it RS HE 0, A KRR e B S 3, >
T4 240 kg hm B FpR = EOA R K, 2 54k
Lerinie A | I AR — R Mk R (R 1),
E— MR W, 3B T ORFPR Y B (Y, kg hm ™) 5
i (X, kg hm ™) SERIIZSER (B, 05
FFER:Y = —0.045 3X> +18.95X +8 866 (R’ =
0.763 6" ), Y4t & -~ N 209 kg hm ~* [ $R 15 5 5
FAAE 10 850 kg hm ™, 5 52 PR A i 7R R 25 AN K
SR 4T M R X 7 P R e 6 B 34 YR it 2R AR
N 180 ~209 kg hm > |i]
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Fig. 1  Effect of N application rate on yield of spring maize

it FH U AT A 3 B AR A TR RMGRAR 5, H 2
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X 22 TN, BRI B R e
JE TR ZFER R, AR ST, NO
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O T E R R A% LR 15 A LA skt
T AR FB5 RN ME-ARER N, Zek
WL AR e /)N, 24 it Uk 180 kg hm >,
FIFHZRIR S B R (27.95% ) , H -5 HoAl i 204k 1 5
T2 KOT- o A 27 ) FH 25 o itk 280 2 185 I g 9 /)
R ZEURE 1 = 280 25 i ot 220 o 18 0 i BRI, R A B
I T3 B 260 15 I S s A, 5 B R0 A
FHF MRS —3, Mt Ui R 180 kg hm > Al
240 kg hm “*fsf, A HR) 2R A 2 (8, HLPT & =22 1)
ToEE R BIEAR = FH AN A 38R H %
AR AR i, 2 TR R 28038 R AN 5 AR
FIA G, 052 355 AED A SRR A5 R R
FRSEIE 0 SR 2 W5 B 25 e 2 484 i S 3
Je B, 5 RN 2R 41 2K 0 A8 fb B SO dF A I
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Table 1 Grain yield and N use efficiency of spring maize as affected by N application rate
o ANEA ZUE A AT AL ANEFM po— AR EEN
» ’ IS s 2 2 :
P e ITIES e KT Mok
e 3%
Grain yield " N agronomic N physiological N apparent N apparent > N uptake N partial
Treatment N harvest . - N apparent . o
(kg hm2) efficiency use efficiency utilization residual efficiency ~ productivity
index (% ) loss rate (% )
(kg kg™") (kg kg™')  efficiency (%) rate (%) (kgkg™)  (kgkg™)
NO 9 060a 68.5¢ — — — — — — —
N60 9 760b 67. 9bc 11.7b 4.0a 21.3a 23.9a 54.8 3.0e 163. Oe
N120 9 910b 65.8b 7.1b 4.4a 23. 8a 35.6b 40.6 1. 6d 82.6d
N180 11 060c¢ 65.8b 11.1b 9.3b 28. 0b 42.2d 29.9 1.2¢ 61.5c
N240 11 360c¢ 62.7a 9.6b 10. 5b 22.2a 40. 2cd 37.6 0.9b 47.3b
N300 10 120b 60. 8a 3.5a 4.7a 19. 8a 37.9be 42.4 0.7a 33.7a

RPN S F R R 2 7k B E K (p<0.05) ; FIA Note: Values with the different lowercase letters in the same column mean

significant difference (p <0.05). The same below
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2.2 TERETEE

Jite FH 8B AN A BA ik 52 )+ B A 5 2 B i, X
AT A - 3 0 T Y o3 A A B e e, AR 2
Ha] DU B UG, R e A S
HREWN, AMSACZE®S TESA. ME
JEURBE IR, B2 0 i R AIG, AS AS  f  e
I REAR, IF HAE 20 ~ 60 cm Kb ERA — A~ B & Y
FRE, P BoRA KBS, LR AL &
ANt 2, 5 T A A ALY AT R R
W .

IR KA A F R T AT 4
Il A (3R 3)  FEA & A RCR I Tt IE DX 3
B33 — 3 AT 3 A R S e
A B W A A A R] A AR A A B i
I AR S A SR S T B
N60 LhF Ak, HLAY it S A0 BE A/ 4 e SR 1 B 5
TFAiE AL B, LI it 20 2 185 n i B 14, Y it
A5 R 300 kg hm B, E 4 W A R A B K
(224.8 kg hm™*) o MIKAHTEM MED AR (Y,
kg hm ™) Hii& & (X, kg hm™*) S
(E2), mIE AR Y =0.225 7X +164.2 (R* =
0.9454"" ), RV & f R 3G 00 1 kg VEY WL {03
Jn0.225 7 kg, KX R B A AR EEAS & AT
REE P B R F W FE R L 5
2T MELLRE o A R R T8, HEERE N,
A A5G A R I S G, U R AR R 2

60 kg hm [ 4c0F T T30 R B I T % b
ZHTAY 157.7 kg hm ™ (F-B{H ) , I H 78 jiti % it
300 kg hm > it 3k Sl fe =, Ky 244.7 kg hm >
T A E (Y, kg hm ™) &R (X,
kg hm ™) JEAF [EE 047, 5 H EE SN Y =
0.403 6X +127.8 (R*=0.987 5" ) (& 3) , RPjiti &
AN 1 kg HHEFR BT A B G 0 0. 403 6 kg,
RER R A0 2 kBl it 280 2 184 n 77 34, DAt R
N300 4bFH ) A F MBI R 52, }9131. 0 kg hm %5
it S /NI, R E OO S = 0 48 i i AR AT
{H Y5 1 % 240 kg hm > F1 300 kg hm [, 3
RBP4 T A - 378 B S P 384 i
RAH R b UL 2 A4 [ 260 i %) L A7) D) i it 280
IR E R, AERMBLR (Y, kg hm ™)
it A (X, kg hm ™) Z [ A I 7R R Y =
0.394 8X +2.972 (R* =0.949 37" ), BRIV jite & = A1
1 kg THEARFUIIRFIENNO0. 394 8 kg, VIR
1 kg FERMFRAR SR EY RIS E R L7 £
Kt

MAEARERLK T8 i R R A, 3k i
N BB FET oo B, NE PRI LUE 1
By AR RS H ERENEFT AN
b Z MO S E Y th . X R, Lk g
PIRER AR =, D s AN T R R B A RE T LA
SEAEYIXT R E TR, AT g + B g i A )
SR SR I X FR R AR

K2 WREAREEKFETLHEVRESE

Table 2 Soil N,,, content after harvest as affected by N application rate (mg kg™ ")

BT b +J2 Soil layer
Index Treatment 0 ~20 cm 20 ~40 cm 40 ~60 cm 60 ~80 cm 80 ~100 cm 100 ~120 cm
RASA NO 6. 4a 7.7a 6.9a 5.9a 2.5a 5.1b
Nitrate N N60 10. 1b 9.3b 8.8a 6.7a 7. 8¢ 7.0c¢
N120 11. 6he 13.5d 12. The 5.9a 4.9h 3.4a
N180 13.5¢d 11. 5¢ 15. lc 10. 0b 6. 1he 7. 7cd
N240 14.3cd 14. 8d 11.6b 13. 3¢ 12. 8d 8.6d
N300 15.7d 16. 9e 15. 4c 14.2¢ 11.3d 9.9¢
FeAS A NO 4. 1a 3.1a 2.9a 2. 7ab 2.2a 1.0a
Ammonium N N60 4. 6a 3.0a 3.4a 2.3a 3.2ab 2. 2be
N120 5.3ab 3.2a 3.1a 4. 4¢ 3. 4ab 3.7d
N180 5.2ab 4.5b 3.6a 3.9he 2. 8ab 3.3d
N240 6.1b 4.7 3.5a 4. 8¢ 3.6b 2.7cd
N300 6. 4b 5.0b 3.2a 2. 4a 3.7b 1.5ab
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Table 3 Mineral N balance during the entire growth period of spring maize (kg hm ™)

H:-BFWIBRA Available N at growing stage

ARA R

WK G AL Available N expend

after harvesting

s Toral W5 ATy
Treament | VEEE EHT A Y oilable N TEWIR RETRA RSk Ve balance
N application Nyin before N net mineralization (I +1 +10) N uptake Residual N apparent (V+VD)
rate () sowing ( II) (1) by crop (IV) Nuin (V) loss (VI)

NO 0 152a 141 293a 162a 131a 0.0a + 131a
N60 60 160a 141 361b 176ab 146a 39.5b + 185b
N120 120 153a 141 414c 191b 174b 49. 8be + 224c¢
N180 180 160a 141 481d 216¢ 207¢ 58.2¢ + 265d
N240 240 162a 141 543e 220¢ 228d 94.7d + 322e
N300 300 160a 141 601f 225¢ 245d 131e + 376f

T+ FR ARSI R TR YMCR s A A R Ay s Note s +

4001

=

on

<300 F

2

S

2200 /J—"’!

<

2 3

Z 100| Y=0.225 7X+164.2

i R=0.9454

&

= 0 X N ' '
= 0 100 200 300 400

JHE%# N application rate (kg hm™)

K2 YA E SRR Z R CR MG
Fig. 2 Simulation of the relationship between crop N

uptake and N application rate
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=& 00
ZHM
=X
2 & 00} Y=0.403 6X+127.8
g R=0.9875

O 1 1 1 ]
0 100 200 300 400

Jiti & & N application rate (kg hm™)

K3 WOk e B Rk B A SR 2 ] S RS
Fig. 3 Simulation of the relationship between soil residual N, after

harvest and N application rate

SNt FH 52 A0 it T R 30 65 49 7 6 ARG A
R 2 o R Z IR, i Bt 5 n] 42 i ke
R, LI 0 0 T 2 S —

represents that compared with uptake N by crop, total available N is surplus

SERRBE IR, RPN, E R AR
il RS R , RUIEE X K R
JER R m 2%, DA & 5% (1/5N {3
A +3/5N KRBIWUE AR + 1/5N nk2208) ()7 &
FIHR R E . ARG R R, T RFFRL ™ 2 bl
it S ek 8 A HE B0, 246 U T 240 kg hm
B FPRL i RO A R A R B, o il I A g
HE A KT LR WA BRL T 203 3R R
SN B BA 2 It 2 it 280 i 1 0 e 1 s B AR, 3
6 36 9 LA o

e Ao A R A AR B A Y R it
iR AT OK I . AR, ES
AR AL, BB &, 75 TR HAES
FRE R R A e 1w b AR R T A R Y
I A B ARAE , AN [ 2 X Bt R v
TR AR S AR TR A R
I WS e TR S A A S e T

KB S T kv AR A e
5T R, AU 1 i I s S A B
K XS A R R BRI i 3N, 9T R
B, B R KR ENE R 19. 77%~27. 95% A
NIk BA % 23. 92% ~ 42. 19% , A B4 2k % 29. 86% ~
54.78% . FNEFFHFEAE RIS FAC, 032 +
B AR A RRRRESE R, B R
KAERKEMERZ W RKAF T LEAILA NG
b, I Z T 2R (5% B AU I 2%, 14 22 U A )
FHEARAIG, Mgk B R A R Bl m . Ak, &5
KAR M AR L LRy A, R
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B AT 292.9 ~302. 4 kg hm 22 i, 3L B T4
Tt FOR UL, AT AR 1 T A 2
BUR S A Z 2R R E N, T
SBT3, S — SR T8 BB B N, X I
T TR S B R I L

T34 0 UM s T R MR R
A B E WA IR T L HOR TS R Y
ORI T 5 73— 4 80 28 3 e 7 L o L4
ST S P PRV T 45 2 280 DL 36 ARG 935 2 3
i, HIEFEAMRRWBRAREN 1.2 m> E ok
AT 95% 43 7E0 ~80 em +J2 717 1 m +ELLF
BORR A2 1% | MR I DL A0 - 80 22 AR
BE RO BRSBTS 0 ~ 120 em +24E K
FEMIREF 43 196 A U2 o S 5 K - I
HETMT, SR, AR N, S A
SRR RCTAT T 00, 5 5% B B ., 7T DL i
5 AR e BT ZR VR 0 254 2 U o
WRAEE , ot ot it 2 3 SR, T+
Wi T TR A A i SR A B R i
B AR 2RI 4 R A I, 3R T I,
B 0 P UL 2 201 % 16 38)  HE 11  1 B )
AHFSE B, B AR 80, 28 2 S B B A A 2
AR BRI, X S X2 T4 0 ~ 100 em +
JEHE I A A8 5 S B (R
(<180 kg hm ) E 555 e +-Hem AR R R 10 0 %
HEI 7 25 FE0 (240 kg hm ™ 11 300 kg hm ) 58
5 - MR 2 WA 2 B A R

22 AR IR i LA P 3 4 K P2 B U AR
T I - 5 0 5 00, AR 4 1 R L OIS BT
HEAERFTE 180 ~209 kg hm ™35 [Py gk T LA 22
FIFRE A2 -

4 4 it

Jiti KT W Sk 5 A P -39 v ) R R S
AR VAT, KRR T 240 kg hm ™~
i it 2Rt 1 7 50548 o, D7E 240 kg hm ™7 i 3k
Bldrei = o AR SRR T e g . 3
i, P LM EARE (R =0.945 4) 0 Kt
FKF 19 BB R A AR AE 19. T7% ~27.95% 2
], 7E 180 kg hm * WA B iR @, 27.95% . B
Jiti S, G AR 2 BT RR R TR
B A7 7 2 AR T U A B SRR RUIE
FEUF B ARG SEIE N AR, 1X 5 S0 A5 2k

PRI AR I o 256 75 AR oK™ i L RUR AL
RAERF W15 1 3 T K A9 35 B AU 7E 180 ~
209 kg hm > Ji]

TR R ET D AR N, o8, B
BREA N, S B IEADCC R i A ik, 14
W AAE 120 em 4 2236 B N 19 5% 78 B2 ARl K
AR R R e A b i L] B/ fH B it
TN AR, AR ( <180 kg hm™*) F
FL5 | -HE FR(a% BE A S R T s i
(240 kg hm 1300 kg hm ™*) FZ5 [+ A RE
A 2 Tt 1 dob 2504 0, LA 1) R R 4 A A, X 3R
BRIV B — 7 1) U o

2 % X o
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RESPONSE OF SPRING MAIZE TO NITROGEN APPLICATION IN GRAIN YIELD,
NITROGEN UTILIZATION AND MINERAL NITROGEN BALANCE

Juan Yinghua Wang Ren’ Sun Wentao Xing Yuehua
Institute of Environmental Resource and Agricultural Energy, Liaoning Academy of Agricultural Sciences ,
g 8y g Yy g

Shenyang 110161, China)

Abstract A field experiment, designed to have 6 levels of nitrogen application rates (0, 60, 120, 180, 240 and
300 kg hm*) , was conducted at Changtu county of Liaoninng province to investigate effects of nitrogen application on
spring maize in yield, nitrogen utilization and maize field mineral nitrogen (N, ) balance. Results show that the yield of
spring maize increased significantly with increasing nitrogen application rate, but once the rate exceeded 240 kg N hm
yield of the crop began to show a declining trend. In the current season, N recovery rate (NRR) increased first and then
decreased with increasing N application rate, and reached the highest, 27.95% , when 180 kg N hm ~* was applied. With
the nitrogen application rate further rising on agronomic N use efficiency (ANUE) , nitrogen uptake efficiency (NUE) and
nitrogen partial productivity (NPP) all decreased significantly, however, physiological N use efficiency (PNUE) and ni-
trogen apparent residual rate (NARR) both first increased and then decreased, which is just contrary to the changes in ni-
trogen apparent loss rate (NALR). The crop nitrogen uptake increased significantly with increasing nitrogen application
rate, and surplus nitrogen remained in the soil mainly in residue form. Though apparent nitrogen loss accounted only for a
small proportion of the nitrogen surplus, its increase with increasing nitrogen application rate was significant. Low nitrogen
application rate (<180 kg hm *) mainly induced significant increase in soil residual N, , while high nitrogen applica-
tion rate (240 kg hm *and 300 kg hm *) did in nitrogen apparent loss. Under the experimental conditions, a reasonable
nitrogen application rate should be controlled at about N 180 ~209 kg hm .

Key words Spring maize; Yield; Nitrogen application rate; Nitrogen utilization; Mineral nitrogen balance





