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Effects of Nitrogen Application Rates on Nitrogen Surplus and

Nitrogen Use Efficiency of Summer Maize

Yin Minhua Li Yuannong Gu Xiaobo Zhou Changming Dong Lili Zhang Tianle
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education ,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; In order to explore the applicability of critical nitrogen dilution curve and the feasibility of
nitrogen surplus evaluation for summer maize in Guanzhong Region, Shaanxi Province, two nitrogen
fertilizers: urea (N 0, 80, 160 and 240 kg/hm”, 40% of N fertilizer applied as basic and 60% top
dressed at bell stage) and controlled-release fertilizer (N 0, 60, 120, 180 and 240 kg/hm*, all applied
as basic fertilization) were chosen to determine critical nitrogen concentration dilution curve based on
field experiments in 2013 and 2014. Models of nitrogen uptake, nitrogen nutrition index and
accumulative nitrogen deficit were established to diagnose nitrogen nutrition status of maize plant
according to the critical nitrogen concentration. In addition, nitrogen use efficiency was compared among
different nitrogen application rates treatments. The results showed that a negative power function
correlation between maximum aboveground dry matter and critical nitrogen concentration was existed.
Calibrations (using the data series of 2014 ) indicated that these models had high reliability with relative
error of 0. 46% ~4.08% . The nitrogen nutrition index model and the accumulative nitrogen deficit model
could be used to diagnose plant nitrogen status effectively and regulate nitrogen fertilizer management
quantitatively. The appropriate nitrogen application rate of urea and controlled-release fertilizer for maize
growth was 160 ~ 174 kg/hm”and 120 ~ 150 kg/hm®, respectively. Compared with urea, controlled-
release fertilizer could significantly increase the nitrogen use efficiency and save nitrogen amount

approximately by 14% for maximum yield (urea: 10.73 t/hm’; controlled-release fertilizer: 11.01 t/hm”).
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The investigation is beneficial to the dynamic and precise fertilization, nitrogen management optimization

and effective utilization of resources both on theoretical and technical sides.

Key words: Summer maize
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Tab.1 Soil nutrient conditions before sowing in two years

. W B HLF R L/ R/ Bl A R0 = L/ TR R L/ AL T R b/
p

(g-kg™) (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
2013 8. 14 11.18 0. 94 76.01 25.22 131. 97

2014 8.13 10. 88 0.98 69. 80 15.07 163. 01
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Tab.2 Effects of nitrogen application rates on dynamic accumulation of summer maize

aboveground biomass t/hm’
AIFAL B Sl
=l i 2% 14 22 JE 12 d 44 J5 24 d 2% J5 40 d R

NO 1.01 0. 06" 3.61 £0.11° 5.83 20.26° 6.99 +0.31° 8.23 +0.59° 10.71 £0.22°¢
JRE N80 1.29 +0.02° 4.59 +0.09" 6.99 +0.31" 8.03 0. 28" 9.31 0. 46" 12.01 £0. 17"
N160 1.83 +0.10" 5.21 +0.05° 8.20 +0. 09" 10.32 +0. 06" 12.06 +0.21* 14.42 £0.71°
N240 2.14 +0. 09" 5.62 £0. 16" 8. 11 £0.52° 11.01 £0. 35° 11.91 £0. 26" 13.27 0. 36™
KO 1.01 £0. 06" 3.61 0. 09" 5.83+0.11° 6.99 £0. 16" 8.23 £0.21° 10.71 £0.57°¢
K60 1.31 £0.07° 4.43 £0.05°¢ 7.05 +£0.26" 8.71 +0.29° 9.16 +0. 66™ 11.95 +0. 48"
HRAL K120 1.79 +0. 03" 5.06 +0. 13" 8.21 +0.49" 10.26 0. 56" 11.56 0. 86" 13.32 0. 66"
K180 2.01 £0.09° 5.15 £0. 08" 8.51 £0.51° 10.55 +0.33* 12.29 +0.72° 14.65 +0.76°
K240 2.03 £0.16° 5.31 0. 12° 8.39 +0.58° 11.10 0. 40° 12.02 +0. 39° 14.59 +0.21°

T U 3 AT I E « AR WSV EE 5 AR /NG FRERIRTE P <0.05 KFZ S 2%, T,

2.1.2  FEE X E K R AN A BT

K 2 B U 1t R KT 5 R A 7 i AT U
AL A 1 R ki, B AT i
FH PR 2R A48 it 2R B 35 2% 30 Sy i it 207K F 10 32
P G, E 22 R K T A — VS T
AT A BE I B i A BT ARG . B LA i ZR AT 15 il
PR 2% Bk B R BIE Of L U i 174 kg/hm,

B 10,73 v/hm? it A P B AU B B O HEE
JEEMEAUR H 150 kg/hm’ |, F 577 H 4 11. 01 t/hm’

P By Br B, B B oK b 3B A 4 & A w vy
S EOK R VIR G . & E R A A TR A
KEm&- eI, —ElAELEN,EY %
B i 8y i it R 1 3 I 3 24 e R R s
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Fig.1 Effects of nitrogen application rates on

summer maize yield
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Fig.2 Dynamic changes of nitrogen concentration in summer maize plant under different nitrogen application rates
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Fig.3 Nitrogen concentration dilution curves in

aboveground biomass of summer maize
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Fig.4 Comparison of nitrogen uptake and critical nitrogen accumulation for maize under different nitrogen application rates
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Fig.5 Dynamic changes of nitrogen nutrition index of summer maize under different nitrogen application rates
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Fig. 6 Dynamic changes of accumulative nitrogen deficit of summer maize under different nitrogen application rates
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Tab.3 Comparison of predicted and measured values of critical nitrogen concentration
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Tab.4 Effects of different nitrogen application rates on nitrogen use efficiency
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