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Effects of nitrogen application on yield and nitrogen use efficiency
of summer maize under super-high yield conditions
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Abstract: The effects of nitrogen application rates on grain yield, nitrogen translocation and use efficiency under
super-high yield conditions were studied in fields. Two cultivars of summer maize ( Zea mays L. ), Denghai 661
(DH661) and Zhengdan 958 (ZD958) were selected as experimental materials. The results show that the grain
yield, amount of total nitrogen accumulation in plant and nitrogen recovery efficiency are increased at first, and
then decreased with the increase of nitrogen application rates. The grain yields of DH661 and ZD958 reach to
12172 -15080 kg/ha and 12011 -15360 kg/ha under nitrogen fertilizer application rate of N 240 -360 kg/ha. Un-
der those nitrogen fertilizer application rates, nitrogen recovery efficiency and nitrogen agronomic efficiency of
DH661 are 10. 6% -23. 1% and 11. 5%-13. 6% , and are 24. 1%-28. 6% and 9. 5%-11. 4% for ZD958. For the
two summer maize cultivars, total nitrogen accumulation and nitrogen recovery efficiency are the highest under ni-
trogen fertilizer application rates of N 240 -360 kg/ha. Under those nitrogen fertilizer application rates, transloca-
tion efficiency and nitrogen contribution proportion of DH661 and ZD958 after the anthesis stage could be regulated
effectively. As a result, nitrogen in grain and grain yield are improved. In conclusion, under this field experiment
conditions, as far as grain yield and nitrogen use efficiency are concerned, the most optimal nitrogen fertilizer rates
are N 240 -360 kg/ha.
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Table 1 Agrochemical characters of the soil tillage layer and climatic conditions

during the growth and development of maize

25 WA BB N AR RKkE CFRRE BRI

iiz?if ijf Total N Alk-hydr. N Avail. P Avail. K OM  Rainfall Avg. temp. Sunshine
(g/kg)  (mg/kg) (mg'kg) (mg'kg) (gkg) (mm)  (°C) (h)
INZR AR K2 SDAU #73 Brown soil 0.87 86.9 52.65 129.42 8.81 477.1 22.4 770.5
LD HEE WK £ Fluvo-aquic soil 1. 01 65.1 70.36  96.15 16.71  476.8 22.6 782.4
FM K YZ i+ Fluvo-aquic soil 0. 88 58.7 60.43 113.23 15.6 505.0 24.9 684.1

£ (Note) : SDAU—Shandong Agricultural University; WK—Taian Wenkou town; YZ—Yunzhou Daan town.
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Table 2 Effects of nitrogen rates on grain yield of summer maize

= T RS Ab3H Treatments

Cultivar Sites NO N120 N240 N360 N480 N600 N720

DH661 IFRgel k2 SDAU 11234 d 11479 ¢ 12173 ¢ 13944a 13877 ab 13578 b 13177 b
FEPOE WK 10406 f  12415e  13682c¢  14531b 15200 a 14744 b 12886 d
FEM KB YZ 10774 e  13440b 15080 a 14675a 13574 b 13097 ¢ 11286 d

ZD958 IRl % SDAU - 11295d  11655¢  12011b 12953 a 12964a 11625 ¢ 11638 ¢
FEPOE WK 10518 f 11786 e 13266 b  13935a 12854 ¢ 13741 a 122354
FEM KB YZ 14400 4 14922 ¢ 15360 b 14717 ¢ 15936 a 14668 ¢ 15274 d

¥ (Note) ; SDAU—Shandong Agricultural University; WK—Taian Wenkou town; YZ— Yunzhou Daan town. [R5 AR FZEFREFIES% BF

7K Different letters within a Tow mean significant at the 5% level.
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Table 3 Effects of nitrogen rates on nitrogen utilization efficiencies of summer maize

ilE| =8 < RIG KbHE Treatments
Items Cultivars Sites NO N120 N240 N360 N480 N600  N720
AZ DH661  IZRfli k2 SDAU  220.4d  227.3d  245.9c¢  303.7ab  313.0a 291.5b 269.1¢
BREE FEWN4E WK 2459e 260.8d 259.9d 305.4c¢ 364.1a 326.1b 329.9b
TNAA ZD958 LR\ A SDAU  185.1d  193.5c¢d 206.4bec 219.5a  229.6a 197.2c¢ 198.2¢
(kg/hm®) TR 4 WK 122.1f  155.0e 177.6d 225.2a  205.3b 188.2¢ 193.4c¢
AZ DH661 I ZR4l A2 SDAU 0.55a 0.57a 0.57a 0.55a 0.49b 0.54a 0.56a
YR8 51 FEPLAHH WK 0.47 b 0.46 b 0.48ab 0.46b 0.54 a 0.46b 0.47b
NHI ZD958 IR A SDAU 0.66b 0.67b  0.67b 0.62c¢c 0.65b 0.69a 0.7la
FENAHE WK 0.70 abc  0.75 a 0.66¢c 0.65c 0.68bc 0.72ab 0.74a
BN DH661 %R A% SDAU 204e 3.92c¢ 7.52a 549b  3.91c¢ 2.69d
2 F 2R FED 04 WK 16.74a 13.65b 11.52¢ 9.99d 7.2e 3.49f
NAE 7ZD958  ILZRARA K2 SDAU 3.00c  2.86c¢ 460a 3.47b  0.54d 0.47d
(kg/kg) L4 WK 10.56 b 11.45a  9.49 ¢ 4.87d  5.38d 239
e DH661  I1ZRRAL A2 SDAU 568d 10.60c 23.11a 19.29b 11.85¢ 6.76d
)k FED 04 WK 5.8e 12.42c¢ 16.53b 24.63a 13.37¢ 11.67d
NRE 7ZD958  ILZRARA K2 SDAU 7.00 ¢ 8.87b  9.56a 9.27ab 2.02d 1.82d
(%) L4 WK 27.42a 24.13b 28.64a 17.33c¢ 11.01d 9.90d
A DH661 I ZR4l A2 SDAU 95.65a 50.71b 38.71c¢ 28.94d 22.59e 18.35f
A= FEPO4EE WK 103.41a 57.06b 40.35¢  31.65d 24.59e¢ 17.88f
NPFP ZD958 IR A SDAU 97.18 a2 49.88b 36.00c 27.06d 19.41e 16.12¢
(kg/kg) FEW A4 WK 98.24a 55.29b 38.71c¢ 26.82d 22.94d 16.9%4e

7 (Note) : TNAA—Total nitrogen accumulation amount; NHI—Nitrogen harvest index; NAE—Nitrogen agronomic efficiency; NRE—Nitrogen re-

covery efficiency; NPFP—Nitrogen partial factor productivity. SDAU—Shandong Agricultural University; WK—Taian Wenkou town. [R5 AS[F] Rk
INERIE 5% B3E K Different letters within a row mean significant at the 5% level.
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Table 4 Nitrogen translocation and contribution to grain after anthesis under different nitrogen rates
| o5 BRI b3 Treatments

ltems Cultivars Sites NO N120 N240 N360 N480 N600 N720
AE DH661 IHREA K2 SDAU  50.1¢ 66.6 b 70.1 a 43.5d 53.7 be 48.6 ¢ 52.2¢
iz g FEPI4E WK 33.6d 39.9¢ 30.6d 46.8 b 39.9¢ 53.4a 51.3a
NTA ZD958 INHRAel k% SDAU  33.9d 50.4 ¢ 51.9¢ 67.2 b 49.5 ¢ 79.8a 80.1a
(kg/hm®) FEWOE WK 30.2d 4.7c¢ 34.8d 31.2d 31.4d 58.5b 63.4a
HEAEX DH661 IHRRA K2 SDAU  67.5b 70.8 b 63.9 ¢ 6l.5 ¢ 62.7 ¢ 75.9a 26.7d
[Fl{b & LW A4 WK 24.9 e 34.8d 54.6 ¢ 33.0d 69.0 a 65.0b 66.3b
AANAA ZD958 INHRLN K SDAU  45.6 ¢ 100.5 a 93.0b 63.3 d 72.6 ¢ 41.1e¢ 60.0d
(kg/hm®) LD HHE WK 55.5¢ 70.5 e 82.4 ¢ 115.7a 108.9b 76.7d 79.4 cd
AR DH661 IHRRA K2 SDAU  48.4 b 52.9b 61.8 a 42.1¢ 48.2 b 49.8b 47.5b
BagE LA WK 41.7 b 37.9¢ 30.6d 40.4 be 35.7¢ 46.9a 45.2a
NTE 7ZD958 IHRRA K2 SDAU - 44.2d 54.9 ¢ 55.1¢ 61.8b 55.1¢ 66.1a 65.4ab
(%) FEPHE WK 45.3b 52.5a 36.4 ¢ 28.4 e 32.6d 52.6a 55.3a
REFEx DHe61 WA K% SDAU - 42.6 cd 48.4 b 52.3 a 41.4 d 46.1bc  39.1d 45.2¢
PR R LA WK 57.3 a 53.4b 35.9d 58.6 a 36.6d 45.1¢ 43.6¢
NCP 7ZD958 IHRRA K2 SDAU - 42.6 d 33.5e 35.9e 5.5 ¢ 40.6 d 66.1a 57.1b
(% ) LA WK 35.2b 38.8b 29.7 ¢ 21.3d 22.44d 43.2a 4. 4a

7 (Note) : NTA—Nitrogen translocation amount; AANAA—Assimilating amount of nitrogen after anthesis; NTE—Nitrogen translocation efficien-
cy; NCP—Nitrogen contribution proportion. SDAU—Shandong Agricultural University; WK—Taian Wenkou town. [Ff7 AR FZRFERERIESD BF

JK - Different letters within a Tow mean significant at 5% level.
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FUFRAR; T % 504K % A DH661 & & £ 2 F
JFF 252 i e 2 45 0 TG 3 A, SR R i P 2R A
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Fig.1 The model describing relationships between

N rates and grain yield

Bl X, = -b2c, iHEATH,DH661 FI ZD9S8 &
K= B A &4 BN 419.66 kg/hm® i 424. 88
kg/hm’ , ZEE 7 & R B HE I BUAS LI 7= 8 A 5
AJ45, DH661 Fi ZD958 7= & F| i 3k B i K i A 55
B4 343. 70 kg/hm® F1 271.39 kg/hm’ (£ 5), &%
T R AT AR IR 5 7 [R] B SR 2 B 3 A, B AR T S5 B
RGN ME, AR NER, &G
F I AR AR R 2R 2 3 AR S s AR 2
FIFHZR EAERYCR 2, 7] LUE 11,240 —~ 360 ke/
hm? Jit 87 B P9 9 A A AR SR T R
HACE, MR El AR ERS T AR
W WOF A o
3.2 HMEEWNEEXEZERIFEHAMT
HIEZ AR ERER B ESR
W], AR RESST  FRP A WK ET
MR P HBRRREBEE, 5 —H o NRE
TR, S T S B IEREE T
ERERWEE, FBEEFRHARD . Hib
BT B E AR B N5 IR R AR
HERE AR FF s, AUtREY RE L
THRAREHDENT HALE , &5 2L T4

x5 FESHEAERRAFESH

Table 5 Characteristic parameters of the model between nitrogen rates and grain yield

i $EAE BN Characteristic parameter
Cultivar r a b c X, (kg/hm?) X, (kg/hm*)
DH661 0.9978 10. 745 0.017240 -2.0540 x 107 419. 66 343.70
ZD958 0. 9849 12. 021 0. 008615 -1.0138 x 107 424. 88 271.39

tE(Note) : ZEEHGHEARN 1600 Yuan/t, REH 2 Yuan/kg, P RFHEH Y, = 1600 x Y, —4. 35X; -M, M HEREACS HALE = BA, X,
AR KRFNE I i & & The price of maize and urea is 1600 Yuan/t and 2 Yuan/kg, tespectively; Yield benefit Y, = 1600 x Y, —4. 35X, -M, M was oth-

er costs; X, was N rate for max ium benefit.
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