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Abstract: The effects of nitrogen application dates on grain yield, nitrogen translocation and use efficiency were
studied under the super-high yield conditions. Denghai661 ( DH661) and Zhengdan958 (ZD958) were selected
experimental materials. The results show that the grain yield was not increased significantly under the single nitro-
gen application at the jointing stage, while the yields of two cultivars are increased significantly with the increase of
nitrogen application times. Nitrogen application at the grain filling stage could increase weight of kernels significant-
ly. The grain yield of DH661 is 14188. 9 kg/ha, when the nitrogen fertilizers are applied at the jointing, male tet-
rad and grain filling stages, and the ratio is 2:4:4. The grain yield of ZD958 is 14529. 6 kg/ha, when the nitrogen
fertilizers are applied as the base fertilizer, and at the jointing, male tetrad and grain filling stages and the ratio is
1:2:5:2, Nitrogen accumulation amounts in the plant and grain, nitrogen harvest index, nitrogen agronomic effi-
ciency, nitrogen recovery efficiency and nitrogen partial factor productivity are increased significantly with nitrogen
application times and nitrogen application at the grain filling stage, and the active nitrogen accumulation period is

prolonged. The ratio of nitrogen accumulation amounts before and after anthesis for DH661 is 51 : 49 by supplying
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nitrogen at the jointing stage (20% ), male tetrad stage (40% ) and grain filling stage (40% ) , while the ration for
7ZD958 is 60: 40 for by supplying nitrogen at the jointing stage (30% ), male tetrad stage (50% ) and grain filling
stage (20% ). Nitrogen application several times before the anthesis stage could increase nitrogen translocation
amount and nitrogen translocation efficiency, and nitrogen application at the silking stage could increase the assimi-
lated amount of nitrogen in grain after anthesis. Through supplying nitrogen at the jointing stage (20% ) , male tet-
rad stage (40% ) and grain filling stage (40% ), the assimilated amount of nitrogen after anthesis is 63. 0% of ni-
trogen accumulation amount in grain for DH661. Through supplying nitrogen at the jointing stage (30% ), male
tetrad stage (50% ) and grain filling stage (20% ), the assimilated amount of nitrogen after anthesis is 50. 5% in
grain for ZD958. In conclusion, under this field experiment conditions, as far as grain yield and nitrogen use effi-
ciency are concerned, the jointing stage (20% ), male tetrad stage (40% ) and grain filling stage (40% ) for
DH661 and base fertilizer(10% ) , jointing stage (20% ) , male tetrad stage (50% ) and grain filling stage (20% )

for ZD958 are the most optimal nitrogen application stages and ratios.

Key words: summer maize ( Zea mays L. ) ; nitrogen application date; yield; nitrogen use efficiency
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Table 1 N application stages and ratios

jBJE Topdressing
Sb R LB

Treatment  Basal HAH 10 M+-44 FiEfE 10 d
V6 V10 10 DAA
T1 0 0 0 0
2 0 100 0 0
i 0 40 60 0
™ 0 30 50 20
15 0 20 40 40
T6 10 20 50 20

1 (Note) : V6—Vegetative sixth leaf; V10—Vegetative tenth leaf;
DAA—Days after anthesis
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Table 2 Effects of nitrogen application stages on grain yield and yield components of summer maize

2008yr 2009yr
i ity Y A FriE 7o MR THE [ 3

Cultivar ~ Treatment kernels 1000-grain wt.  Grain yield kernels 1000-grain wt. Grain yield
(No. /ear) (8) (kg/hm”) (No. /ear) () (kg/hm®)

DH661 T1 449.3 b 359.0 b 12097. 4 ¢ 448.9 b 368.8 b 12306.5 d

T2 449.6 b 363.2 b 12247.1 ¢ 450.4 b 371.0 b 12428.7 d

T3 459.2 ab 372.7 ab 12835.8 b 470.1 a 376.3 b 13250.4 ¢

T4 474.0 a 387.4 a 13772.1 a 476.8 a 380.7 ab 13588.8 b

T5 471.4 a 397.6 a 14057.1 a 469.6 a 404.0 a 14188.9 a

T6 470.8 a 393.5 a 13894.5 a 465.9 ab 404.3 a 14103.3 a

ZD958 T1 477.6 b 327.8 b 11741.8 d 499.7 b 324.3 ¢ 12129.9 d

T2 480.7 a 340.4 b 12272.3 ¢ 509.2 b 326.9 ¢ 12447.3 d

T3 520.1a 350.2 ab 13660. 4 b 520.7 ab 349.3 b 13631.1 ¢

T4 530.8 a 361.6 a 14395.3 a 533.1a 356.2 ab 14201.8 b

T5 525.3 a 361.4 a 14238.3 a 517.4 b 361.9 a 14022.5 b

T6 533.5a 362.5 a 14504.5 a 543.4 a 357.1a 14529.6 a

7 (Note) : AR FEFRAPEE 2 K 5% 537K Different letters among treatments mean significant at 5% level.

®3 HEARNPNEEXRRRREHIMNE(kg/hm’, 2009)

Table 3 Effects of nitrogen application stages on nitrogen accumulation

L il EER AbFH Treatments
Cultivar Growth stage T1 ™ T3 T4 T5 T6
DH661 V6 28.2 b 29.0b 29.2 b 29.4 b 29.0b 33.4a
V12 90.7 d 91.3d 92.1d 100.5 b 94.3 ¢ 128.5 a
vT 185.9 d 197.9 ¢ 212.8b 240.4 a 209. 4 be 233.9 a
6/ 14 d 14 DAA 217.8 ¢ 245.5 b 259.3 a 269.4 a 268.8 a 256.7 a
6/5 28 d 28 DAA 242.0 ¢ 256.7 ¢ 261.5 ¢ 282.8 b 293.7 ab 301.2 a
1E)5 42 d 42 DAA 248.7 d 260. 2 cd 264.5 ¢ 336.5b 347.1 a 328.9b
R6 285.7d 320.1 ¢ 341.9b 373.2 ¢ 407.6 a 390.5 b
ZD958 V6 26.0 b 26.4 b 25.7b 26.2 b 26.2 b 3.0 a
vi2 102.1 b 110.0 b 116.5 b 115.9 b 108.7 b 140.5 a
VT 203.6 d 216.3 ¢ 229.9b 228.0b 226.9b 244.2 a
1E)5 14 d 14 DAA 218.4 ¢ 224.7 ¢ 239.5 be 247.0b 265.1a 246.7 b
1E£)5 28 d 28 DAA 228.2 ¢ 244.1b 254.0b 270.5 a 289.8 a 288.4 a
1E)5 42 d 42 DAA 245.2 ¢ 293.1b 324.8 a 332.4 a 320.8 a 330.2 a
R6 269.2 d 303.0 ¢ 334.3 b 378.4 a 364.9 a 375.6 a

£ (Note) : A F-REFRABR 2 715 5% /KT Different letters among treatments mean significant at 5% level. V6—ikT7H}] Vegetative sixth
leaf; V12— KW\ O3] Vegetative twelfth leaf; VI—HljHfEH)] Vegetative tasseling; R6— i@} physiological maturity; DAA—Days after anthesis.
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Table 4 Logistic analysis of nitrogen accumulation in maize
B fh BIER% JbPH Treatments
Cultivar Characteristic parameter T1 ™ T3 T4 T5 T6
DH661 r 0.989 0.991 0.972 0.976 0. 985 0.978
F A it R 3R [ ke/ (hm” - d) ] HAR 6.09 d 7.48b 7.87 a 7.27 ¢ 6.06 d 5.74 ¢
BRAEBHIKE(D) Date of HAR 31.23d  30.67e 31.07d 33.30c 41.14a 35.69Db
RAEMEERY(d) ANAP 64.68d 55.12e 55.82e 70.51c¢ 97.24a 96.18Db
7ZD958 r 0.987 0.976 0. 968 0.971 0.984 0.968
Fe Wi R E#E [ kg/ (hm” - d) ] HAR 7.70 a 6.50 ¢ 6.23 ¢ 5.40d 7.07 b 5.67d
R HERHBKE(d) Date of HAR 27.42d  29.81cd 31.80c 37.64a 33.22b 33.31D
HAEXFEEKIA(d) ANAP 47.83 e 65.06d 75.59¢ 100.82a 71.02c¢ 93.25Db

¥ (Note) ; T—Simulation degree; HAR—The highest absorption rate; ANAP—Active N accumulation period. A [6) &k RAL B[R] 22 Kk 5%

8.3 K Different letters among treatments mean significant at 5% level.

FRARBRRFMOE R, DHO61 1 ZDIS8 J3HI7E T4 |
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LR R B T2 A1 T3 A BIRE T 23.6% Al
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ZFEUL [ e A T2 F T3 Ar B4R & T 23.7% Fl
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17.5% 1 6.5% (FS5) o
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Table 5 Effects of nitrogen application stages on nitrogen utilization efficiency of summer maize
2008 yr 2009 yr
Cultivar ~ Treatment o B
NAE NRE NPFP NAE NRE NPFP
NHI NHI
(kg/kg) (%) (kg/kg) (kg/kg) (%) (kg/kg)
DH661 T1 62.04 ¢ 61.7 be
T2 59.26 d 0.42 ¢ 8.9 e 34.0 ¢ 58.9 ¢ 0.34 d 9.56 e 34.5b
T3 63.96 ¢ 2.05d 14.13 d 35.7b 59.5¢ 2.62 ¢ 15.61 ¢ 36.8b
T4 67.98 b 4.65 ¢ 22.86 ¢ 38.3a 65.7b 3.56 b 24.31d 37.7 a
T5 70.15 a 5.44 a 31.85a 39.0a 71.0 a 5.23 a 33.86 a 39.4 a
T6 65. 84 he 4.99 b 27.38b 38.6a 69.6 a 4.99 a 29.11 b 39.2 a
ZD958 Tl 59.71 ¢ 67.2b
T2 70.82 a 1.47 ¢ 8.83 ¢ 34.1c 73.0 a 0.88 ¢ 9.39d 34.6 c
T3 67.64 b 5.33d 20.71 b 37.9b 71.6 ab 4.17d 18.08 ¢ 37.9b
T4 67.20 b 7.37b 32.72 a 40.0 a 71.1 ab 5.76 b 30.33 a 39.4 a
T5 70.92 a 6.93 ¢ 29.04 a 39.6 a 68.6 b 5.26 ¢ 26.58 b 38.9 ab
T6 69.47 a 7.67 a 31.96 a 40.3 a 68.7 b 6.67 a 29.56 a 40.4 a

¥ (Note) ; NHI—N harvest index; NAE—N agronomic efficiency; NRE—N recovery efficiency; NPFP—N partial factor productivity. A [6] £k
FRAL ] 22 9K 5% B3 7K Different letters among treatments mean significant at 5% level.
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B, WHHEREERT T TRTERFARR
fe i, DH661 #£ TS A3 F 785 A K A4k & X 3
BB TLT2.T3 4r B3 & 118.3% .73.1% |
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Table 6 N translocation and contribution to grain after anthesis under different N application stages

A T H o s Ab3H Treatments

Year Ttem Cultivar T1 T2 i) T4 T5 T6

2008 SR & A 7 (kg/hm*) DH661 166.7e¢ 178.4d 204.4c¢ 238.6b 268.9a 241.8b
NAAG ZD958 151.1d 201.7¢ 221.6 b 249.2a 253.6a 255 7a
AZEER (kg/hm’) DH661 83.94d 75.2 ¢ 97.6 ¢ 128.0a 95.0c¢ 108.0b
NTA ZD958 101.7¢ 133.2a 123.9b 106.4c¢ 122.9b 131.8a
WEEZRLE (kg/hm®) DH661 82.8e¢ 103.2d 106.8c¢d 110.6c¢ 173.9a 133.4Db
AANAA ZD958 49.4 ¢ 68.5d 97.7¢ 142.8a 130.7b 123.9b
REREBZHER (%) DH661 45.1b 38.0 ¢ 45.9b 53.2a 45.3b  46.4b
NTE ZD958 49.9bc  6l.6a 53.9b 46.7 ¢ 54.2b 54.0b
AEHia PRAEE(% ) DH661 50.3 a 42.2 b 47.8ab 53.6a 35.3 ¢ 44.8 b
NCP ZD958 67.3 a 66.0 a 55.9b 42.7 d 48.5 ¢ 51.5 be

2009 SR & A 7 (kg/hm*) DH661 176.1d 188.5d 203.5d 245.4c¢ 289.3a 271.8b
NAAG ZD958 181.0e 221.2d 239.4c¢ 269.2a 250.4c 258.2b
AEHEE (kg/hm’) DH661 95.7 ¢ 85.94d 92.8¢ 131.3a 107.0b 130.0 a
NTA ZD958 124.8¢ 146.7a 149.2a 133.2b 123.7¢ 139.1D
WEEZRLE (kg/hm®) DH661 80.4e¢ 102.6d 110.7¢ 114 1c¢ 182.4a 141.8Db
AANAA ZD958 56.1f 74.5 ¢ 90.3d 136.0a 126.6b 119.2¢
REREBZHER (%) DH661 51.5b 43.4 ¢ 43.6 ¢ 54.6 a 51.1b 55.6a
NTE ZD958 61.3bc 67.8a 64.9 b 58.4 ¢ 54.5d  56.9 cd
AEHia PRAEE(% ) DH661 54.4 a 45.6 b 45.6 b 53.5a 37.0 ¢ 47.8 b
NCP ZD958 69.0 a 66.3 b 62.3 ¢ 49.5 e 49.4 ¢ 53.9d

¥ (Note ) ; NAAG—N accumulation amount of grain; NTA—N translocation amount; AANAA—Assimilated amount of nitrogen after anthesis;
NTE—N translocation efficiency; NCP—N contribution proportion. A [R]FZHE3 R AL 3 [E] 25 Fik 5% B3 7K Different letters among treatments mean

significant at 5% level.

3 g

3.1 MEEBEXERNE
2002 £ E Towa M Francis Childs )35 [l B 2=
FRF=BAL TR 27754. 5 ke/hm™™, 2006 ,2007 4F

EZEFEKEEHET A SN =2 =845 5
2 17297.2 18749, 5 kg/hm® , F- Y75 & & 2 284. 5
ke/hm® 300 ke/hm’ , $&FHEGHEAR 5 51.85% , 4 4
FHZYGEIE, ALk 7 kP, REGTEN
BENFERHTHENE R 54. 1% , R ERE Rl S g
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FPERISE B R SR P B R B H 2 A AR R R,
ErHB— R EFEEERHRA . TAXTHE
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FHEiE 9000 ke/hm™ ™, — f A 7 3 B A9 G
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F I, BF0E BB R, T F oK 7 E Ak E
AR

EREFEATFREE2.S kg AR, A
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DH661 $57 A /o HA FEIR AR 2 : 4 - 4 F1 ZD958
FERE HRTHI R O R 10252 MR R
A LAIAF] 14000 kg/hm® L b ; W4 08 X8 S48, 4%
THREE - REEATRAKES AR TR T
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AR E R AR HAE,
3.2 HEsm AR R A B

ERI AR E, B VGE MR R M
T DARAR Ik e S RS B IR 2R . T DFSTIA
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R R N = 787 R/ CE 2 B SN N | S 3 i
DH661 F1ZD958 #22:4:4 f11:2:5:2 WA AL
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KRR, FAED B, B RIEaR
FIFIERTIG AR W LN 48 1 52; L4kt
FIFIERTIE AR WA LBk 76 : 24, HLEBFFEIA
JoMRE RN ZEERRKKA S SER
60% LA FBT, AT 5 SR B R KT EMEAEH
8P, @id Logitse JyFEXT R ZE R BT 1R 47
BART DA MU R B — W ki AT $2 7 DH661
RAEWIRE A H R, ZD958 Kb 2 18] /M Z R Ik
HERLRBABE, BHABIEHE THRAEEH S
BT, B AR T R R R R OO BRI , R T A
BEX K BRI, JESE T A4k 2. DH661 7E2: 4
T4 RABALEE R IT RS AR Ak LUK 51: 49,
ZD9S8 7E3:5:2 Ml 1:2:5:2 FHEALER T IFLHI G
REWIUL A 535128 60:40 F165:35, B FIREA
PR A 5 R PR TR A T 1B B — 3, B
DH661 J& B2 Bb, A5 it R R 47, BE R
BWZDIS8 LK, M T FRFEAREAERIPAR
Wi S 1Y, B, DH66L % ZD958 A L
Y MAHERBAEH A RIEER AL ENRER

HERL
3.3 RN FRERERNELNZE
Osaki 2 5 1 PRI A —F4rk A F
fMERTZEMIM PR AR TR, 75— Nk
TAERRAEHEMR . Bk, TR AREHE
F T o, o 1 e A A A o R R Wl IR A
FHIFFE H, B AL U A R AL , 1
MARRNRER SR L BRI 4:6 HEA
HRE S B EREHHARR Rz ENEBAR,
HREMRETREARFMLR, AHT FRHFRR
FRZR ., DH661 Fl ZD958 jE i LB NE B R E T T
PR AR LR, RINARZE T 8RR R A 5L
AR RS R R T G2 R0R, DHE6L #5214 : 4 Jiff
A B THARFALRS TS AR 63.0%;
ZDO58 4% 3:5: 2 Jidd , fe/a TRLAR L E TR
ERES0.5% , B, & HEHEAL =X T 784 T
TR R TR L AL RR B4R,
MR AR T TRIZ B RS , WA
B BRI 2 BRI BTAX T2 UL
RIBFRARGE 2 R A =R Y b F AR B
FEFERBFIEE T RAEIRES 2, ABSERHA,
SAE IR R AR RN R I OSOR] R BB
&, KA HEIE , 1 B AR A T L B IR
BEMARAHR; REARTR R 1T Hfk iz ML)
THARFL, HEARBET T BMH=EF
FEZR, B ARE R R R EREHLR
A% AREMERT X A RE RN T ARG
Jr A P B A R, H A A AL
P—B 5

8 £ XX Wk

[1] Ferguson R B, Hergert G W, Schepers J S et al. Site-specific
nitrogen management of irrigated maize; Yield and soil residual
nitrate effects [ J]. Soil Sci. Soc. Am. J., 2002, 66: 544
-553.

[2] Samonte S O P B, Wilson L T, Medley J C et al. Nitrogen utiliza-
tion efficiency; Relationships with grain yield, grain protein, and
yield-related traits in rice [ J]. Agron. J., 2006, 98 168 —176.

[3] MaWQ,LiJH, MaL et al. Nitrogen flow and use efficiency in
production and utilization of wheat, rice, and maize in China [ J].
Agric. Syst. , 2009, 99: 53 -63.

[4] GuoJH, LiuXJ, Zhang Y et al. Significant acidification in
major Chinese croplands [J]. Science, 2010, 327(5968) ; 1008
-1010.

(51 =R, LT REPAENEZRBEXRT]. FER
58,2008, (6) ; 37 -38.



1106

MY EFSER/F#R

17 3%

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Li S K. Main problems and countermeasures on maize production
at present [ J]. China Agric. Inform. , 2008, (6): 37 -38.
Hawkins J A, Sawyer ] E, Barker D W, Lundvall ] P. Using rela-
tive chlorophyll meter values to determine nitrogen application rates
for comm [J]. Agron. J., 2007, 99 1034 -1040.
Zhang J, Alfred M B, Jason W, Kenneth J. Sensitivity of chloro-
phyll meters for diagnosing nitrogen deficiencies of corn in produe-
tion agriculture [J]. Agron. J., 2008, 100: 543 -550.
SR, B WAL, 5. ARIZEEEIE N B X RER HPL
HaSR LA BREmI]. FEY#HR,2006,32(5). 772
-778.
Yi Z X, Wang P, Shen L X et al. Effects of different types of ni-
trogen fertilizer on nitrogen accumulation, translocation and nitro-
gen fertilizer utilization in summer maize [ J]. Acta Agron. Sin. ,
2006, 32(5): 772 -778.
BE, R, IR, ARBEUKPRHEERFD RR G2
Ko m 1], #YE s 5 A0R 22417, 2006,12(5) : 622
-627.
Zhao Y, Tong Y A, Zhao H B. Effects of different N rates on nu-
trients accumulation, transformation and yield of summer maize
[J]. Plant Nutr. Fert. Sci., 2006, 12(5): 622 -627.
Randall G W, Vetsch J A, Huffman J R. Com production on a
subsurface-drained mollisol as affected by time of nitrogen appli-
cation and nitrapyrin [ J]. Agron. J. , 2003, 95. 1213 -1219.
Fox R H, Kern J M, Piekielek W P. Nitrogen fertilizer source,
and method and time of application effects on no-till com yields
and nitrogen uptake [ J]. Agron. J. , 1986, 78 741 —746.
FIEB, B8, BAR, B, HalEay T RRER
FRMEAREwET]. A ERL R ,2002,7(1) : 59
-64.
Wang Q X, Wang P, Wang W D, Lu L Q. Effect of additional N
supplied at silking on 1000-grain weight and grain crude protein
content of summer corn [J]. J. China Agric. Univ., 2002, 7
(1):59-64.
L T E ML RUICEE SR LR R A
HEKEABUHBREmT]. HYEF SRR,
2010,16(2) . 492 -497.
Zhao S C, Pei X X, He P e al. Effects of reducing and postpo-
ning nitrogen application on soil N supply plant N uptake and uti-
lization of summer maize [ J]. Plant Nutr. Fert. Sci. , 2010, 16
(2):492-497.
G, £, ML, 5. AUID R T ARIE R RE E R A
KEFESK AMAREZRL. EEREEER K251
TAESIASLT]. P EASR R ,2008,16(1) : 86 -90.
Yi Z X, Wang P, Tao H B et al. Effect of base N to dress N ratio
on water and nitrogen utilization, growth of summer maize in
North China Plain [I. Nitrogen accumulation and translocation of
summer maize and dynamics of soil inorganiec N [ J]. Chin. J.
Eco-Agric. , 2008, 16(1) : 86 -90.
EHE, FE AT, F BT R EARFS R T R
SIS R AT [T]. EYE IR 5 R %, 2010, 16
(3): 559 -566.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Wang Y L, Li C H, He P et al. Nuirient restrictive factors and
accumulation of super-high-yield summer maize [ J]. Plant Nutr.
Fert. Sei. , 2010, 16(3) : 559 -566.

EE, 2, WEY S B EERER AR
AER— WAL REATROCR B T]. A E Rk B &, 2010, 43
(15): 3151 -3158.

Wang Y L, Li C H, Tan J F et al. Studies on plant nitrogen
accumulation characteristics and the effect of single application of
base fertilizer on super-high-yield summer maize [ J]. Sei.
Agric. Sin. , 2010, 43(15) : 3151 -3158.

BRI, AN AFETERE RS WA TR R R
BEPRAN B [ 1], Y E 7R 5 LR 224K, 2010, 16
(2): 266 -273.

Yu H, Yang G H, Wang Z J. Nitrogen rate and timing considera-
tions on yield and physiological parameters of com canopy [J].
Plant Nutr. Fert. Sei. , 2010, 16(2): 266 -273.

R EN T, EEE, G RSN R EAH A L
BARMESEREMAFECIRLT]. MYER ST
##,2007,13(6) : 998 -1005.

Li ZX, Dong ST, Wang K J et al. In situ study on influence of
different fertilization strategies for summer maize on soil nitrogen
leaching and volatilization [ J]. Plant Nutr. Fert. Sei., 2007,
13(6) : 998 -1005.

B, TAE, T4, 2. 7P 15000 kg/ha P H T
KB ERELT]. S ER L R,2007,40(9) : 1898
-1906.

Huang Z X, Wang Y J, Wang K J et al. Photosynthetic charac-
teristics during grain filling stage of summer maize hybrids with
high yield potential of 15000 kg/ha [J]. Sei. Agric. Sin.,
2007, 40(9) : 1898 -1906.

RAE R, EE8, PR, AAu X E TR S
A=A ERE [T]. £&%],2005,25(7): 1620
-1625.

WuY C, Zhou S L, Wang Z M, Luo Y Q. Dynamics and resi-
due of soil nitrate in summer maize field of North China [ J].
Acta Ecol. Sin. , 2005, 25(7) : 1620 -1625.

TR, BB RWE, S AP EX L ENESRSE
BUKRRBATREMIT]. AR, 2004,24(8): 1582
-1588.

Wang Q X, Wang P, Shen L X et al. Effect of nitrogen applica-
tion time on dynamics of nitrate content and apparent nitrogen
budget in the soil of summer maize fields [ J]. Acta Ecol. Sin. ,
2004, 24(8) : 1582 -1588.

TG, 2R, JE O B AR . R E S R A KL BT
FELI]. TR Rl R4, 1999,3(1) ¢ 11 -16.

Xie RZ, Li CH, Zhou S M, Zhang G F. Study on growth mech-
anism of super-high yield summer maize [ J]. J. Henan Agric.
Univ. , 1999, 3(1): 11-16.

BN, SR HEE . BRI A TRERE
HEMBAEBFFRRWI[T]. PERLFA,2001,34(3)
311 -316.

LiCH, SuXH, Xie RZ ¢ al. Study on relationship between



58

B, <5 TR AU BB R S B K B R AR RN R0

1107

[24]

[25]

[26]

[27]

[28]

[29]

[30]

grain-yield of summer corn and climatic ecological condition un-
der super-high-yield cultivation [ J]. Seci. Agric. Sin., 2001,
34(3);: 311 -316.

RS, FRh RO B R HA TR AR M. Jeat: RlH AR
41,1985, 3141, 57 -59.

He Z F. Analysis technique for grain quality of cereals and oils
[M]. Beijing; Agricultural Press, 1985. 31 -41, 57 -59.
AL, TR, ER, 5. MR FAUKE L/ 7 E Rk
s K r g [ 1]. EY e, 2006,32 (12): 1860
-1866.

Shi Y, YuZ W, Wang D e al. Effects of nitrogen rate and ratio
of base fertilizer and topdressing on uptake, translocation of nitro-
gen and yield in wheat [ J]. Acta Agron. Sin., 2006, 32(12) .
1860 -1866.

I, 4 A AR B R T & IREY R
HrahSEFR 0 WBUERBIFE[T]. MY E R SRS,
1998,4(2) . 123 -130.

He P, Jin ] Y, Lin B. Dynamics of biomass and its components
and models of nuirients absorption by spring maize under different
nitrogen, phosphorous and potassium application rates [ J]. Plant
Nutr. Fert. Sei., 1998, 4(2): 123 -130.
X4, WAL T R, . REEAETEERALI] £
Bl 2004,12(4) ; 110-113.

LiuZ Q, Lu L P, Shen H B et al. Introduction on America corn
yield contest [J]. J. Maize Sci. , 2004, 12(4) . 110-113.
R4, 2 R BT, 5. 2006 AR E E KR R MR
RLI]. EkBEE,2007,15(6) : 144145,

LiuZ Q, Li WL, Lu L P et al. Revelation of American national
maize yield contest in 2006 [J]. J. Maize Sci. , 2007, 15(6) :
144 -145.

27 B, R4, ML T, 55 2007 ARSI KR P SRR A
[T]. EKBl3,2008,16(6) : 169-170.

LiWL, LiuZ Q, Lu L P et al. Brief introduction of America na-
tional com yield contest in 2007 [J]. J. Maize Seci. , 2008, 16
(6): 169 -170.

XUEE, B A, REY. #RUETERRREE

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

AR ARBRT]. RLIAADTF,2003,24(3) ; 161
-165.

LiuJ H, Wang Z M, Li L J, Zhang H M. Higher-yield is key
technical method of maintaining future food security in China
[J]. Rea. Agric. Modem, 2003, 24(3): 161 -165.
THRIC, AL, 018, 4. RS A8 (LA [M].
demt: FER AR ,2003. 117

YuZ W, Zhao M, Wang B L et al. Crop cultivation science
[M]. Beijing; China Agriculture Press, 2003. 117.

Arora Y, Juo A S R. Leaching of fertilizer ions in a Kaolinitie Ul-
tisol in the high rainfall tropics: Leaching of nitrate in field plots
under cropping and bare fallow [ J]. Soil Sei. Soc. Am. J.,
1982, 46, 1212 -1218.

Randall G W, Iragavarapu T K, Bock B R. Nitrogen application
methods and timing for com after soybean in a ridge tillage system
[J1. J. Prod. Agric., 1997, 10 300 -307.

Sripada R P, Heiniger R W, White J] G, Weisz R. Aerial color
infrared photography for determining late-season nitrogen require-
ments in com [ J]. Agron. J., 2005, 97, 1443 -1451.
EAZE. B EERRHRE 5 MM AR D].
F2 INTRAO KA 22383, 2008.

Wang Y J. Study on population quality and individual physiology
function of super high-yielding maize [ D]. Taian: PhD. disser-
tation, Shandong Agricultural University, 2008.

Subedi K D, Ma B L. Nitrogen uptake and partitioning in stay-
green and leafy maize hybrids [ J]. Crop Sci. , 2005, 45. 740 -
747.

Osaki M, Shinano T, Tadano T. Redistribution of carbon and ni-
trogen compounds from the shoot to the harvesting organs during
maturation in field crops [ J]. Soil Sei. Plant Nuir. , 1991, 37
(1) 117 -128.

Osaki M, Morikawa K, Shinano T, Tadano T. Productivity of
high-yielding crops II. Comparison of N, P, K, Ca and Mg ac-
cumulation and distribution among high-yielding crops [J]. Soil
Sci. Plant Nutr. , 1991, 37(3) : 445 -454.



