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Interaction of nitrogen fertilizer rate and plant density on grain yield and
nitrogen use efficiency of maize
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Abstract: [ Objectives ] The interaction of N rate and plant density often makes troubles to evaluate the
nitrogen use efficiency (NUE) of maize. It is of great importance to analyze the effects of interaction of N rate and
plant density on physiological processes of N absorption and utilization and yield formation of maize for revealing
mechanism and pathway of enhancing NUE and yield synchronously in maize. [ Methods ] Field were
conducted using a typical commercial hybrid Zhengdan958 as tested materials in Shulinzhao and Salaqi, Inner
Mongolia. The tested plant densities included 45, 75 and 105 thousand plants per hectare (D4.5, D7.5 and D10.5),
and N rates included 0, 150 and 300 kg/hm* (NO, N150 and N300). At the stages of 14-open-leaves (V14), silking

isEHA: 2018-03-12 EZHE: 2018-09-03

EEWBE: ERARBERESTIE (31660359) 5 HFRE LA EITRITE (2016YFD0300103, 2017YFD0300800) ; FEZRIALE KT
FARER (CARS-02) ; kiRt i + =l X AR R BB 22 W 240w 5 H (25204120 ) BEH).

BXFRAN: BB E-mail: imauweishuli@qq.com ; * M{E1EE F&H] Tel: 0471-4392047, E-mail: imauwzg@163.com


http://dx.doi.org/10.11674/zwyf.18084

34 BN, 5. bt U R B B X SRR AU A FH AR I 52 383

(R1), grain filling (R3) and ripening (R6), plant samples were collected, and divided into different parts for
measuring biomass, nitrogen contents. The nitrogen use efficiencies were calculated. [ Results ] Compared to
N150, N300 neither enhanced the total carbon and nitrogen accumulation of maize, nor improved individual plant
yield capacity, which induced the low nitrogen use efficiencies under the high N rate. The D10.5 combined with
N150 gained the highest yield and NUE, indicated that increased plant density with reduced N rate was an
important way to improve maize yield and NUE synchronously. The N accumulation advantage of applying N and
increasing plant density was mainly driven by dry matter accumulation during the stage from V14 to R3. N uptake
rate was positively correlated with dry matter accumulation rate at the V14—R3 stage, and applying N and
increasing plant density remarkably enhanced the response intensity of N accumulation to dry matter
accumulation. Under the treatments of applying N and increasing plant density, maize could acquire higher pre-
anthesis N accumulation with lower N concentration, which indicated that pre-anthesis N accumulation primarily
depended on shoot dry matter accumulation, while post-anthesis N accumulation was mainly ascribe to ear dry
matter accumulation. The interaction of N rate and plant density did not affect the nitrogen harvest index (NHI),
but the medium N and high plant density significantly improved HI. This indicated that enhancing NUE by
reducing N rate and increasing plant density had nothing to do with nitrogen distribution to grain, but was
primarily ascribe to grain dry matter accumulation. [ Conclusions ] The interaction of N rate and plant density
influences the NUE significantly through affecting dry matter accumulation and N accumulation. Reasonable
reduction of N input while increasing plant density could concurrently enhance maize grain yield and nitrogen use
efficiency, which physiologically promoted crop growth rate during the bracketing silking and post-anthesis biomass
accumulation, and further drove adequate pre-anthesis N accumulation and post-anthesis grain biomass distribution.

Key words: maize; interaction of N rate and plant density; yield; nitrogen use efficiency
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Fig. 1 Biomass of maize as affected by different plant densities and N rates in the two experimental sites
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Table 1 Effect of interaction of N rate and plant density on grain yield and yield components of maize

Forr b3 #HE Shulinzhao B35 Salagi
Index Treatment D4.5 D7.5 D10.5 D4.5 D7.5 D10.5
P Yield NO 780.0 b 10513 ¢ 1090.2 ¢ 909.4 b 1270.4 b 1318.7b
(kg/hm?)
N150 1011.1a 1615.7 a 1495.8 b 1046.6 a 1573.4a 1763.9 a
N300 972.1a 1463.3 b 1667.5a 1086.7 a 1515.7 a 17933 a
N P<0.001 P<0.001
D P<0.001 P<0.001
NxD P<0.001 P<0.001
Rk NO 544 b 478 ¢ 383 b 562 ¢ 557D 398 b
Grain No.
ram No N150 6192 622 b 502a 604 b 575a 530a
per spike
N300 595 a 563 a 509 a 670 a 558D 546 a
N P<0.001 P<0.001
D P<0.001 P<0.001
NxD P<0.001 P=0.013
THEH NO 319b 294 b 271b 360 b 304 b 314 b
1000-kernel
o-keme N150 362a 346 a 301 a 3852 3652 2la
weight (g)
N300 364 a 346 a 312a 360 b 362 a 313D
N P<0.001 P<0.001
D P<0.011 P=0.029
NxD ns ns
FL bk T NO 1733 b 1402 b 103.8 b 202.1b 169.4 b 125.6b
Grain yield
ram yie N150 2473 2014a 142.0a 23264 209.8 a 168.0 a
(g/plant)
N300 2169 a 195.1a 158.7a 24152 202.1a 170.8 a
N P<0.001 P<0.001
D P<0.001 P<0.001
NxD ns ns

# (Note) : [FIFEHRGARR/NG SRR i 2 AL PERITE 0.05 /K F-22 5 i3 Data followed by different letters in the same column are
significantly different for the same index under different N rate at the 0.05 probability level. ns /8238 HAEHAS 3 The interaction is not

significant.
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Fig. 2 Nitrogen uptake of maize as affected by different plant densities and N rates
N300 N300
8
g
)
&en
o
E NI150 } N150 t
Z
i
®
bl
NO : 51 No -
D4.5 D7.5 D10.5 D45 D7.5 D10.5

FhE % & Plant density

E3 EREMEEEETERMLEM FHARRESHERIEH (LAD AILLH]
Fig. 3 Ratio of total aboveground N uptake to LAI at the silking stage of maize as affected by N rate and plant density

D7.5 5 D10.5 25 A8 E; N300 /T, £%EH
HI AL AN B3 . NHI 5% B it U e A) 252 S R 3

3 ihe

MREMZFEEIEXNEXRAE X NUE BI520
Y R ™ & Y B LAl . Wang S99
KW, AREFRBEEHE AT R BN EES
YRR EAA G, T HI 76 B2 K SRR A ] G
BHEER, o EE A R S ARt
PEE R, RRERN, PRESRMT, dEEE

31

PAREBA $2 i AR W) B A AT 4R e kPR i, T
o B AR G A B N ZUE A, DU IERE (A
RIS R AR TR AIE NN o 38 e S B K )™ ) 22
wie, Bl REREE, ERNREEDAK
RRMBHR | OSCEY BRI AL R AR, R
FETRRMARR AL = T R, SRR ™ R B
X LA ORI SRR 3l 20 T A p ) A
FEA N TR BB S B, 8 4 R L AL
AOEo i AEFRF AR RO A TERE S RIEA B R
WP BRASR , RZARFHE R AR 0,



388 oY E I 5 LR 2R 25 %
#x2 MRESEEEEMNERAZFAMERNZM
Table 2 Nitrogen efficiency of maize as affected by nitrogen rate and plant density
AEAEE (ke/kg) AFE R (kg/kg) AEFIHE (kg/kg)
i R Physiological efficiency (NPE) Recovery efficiency (NRE) Use efficiency (NUE )
Site N rate
D4.5 D7.5 D10.5 D4.5 D7.5 D10.5 D4.5 D7.5 D10.5
Ripke N150 472a  5837a  4832b 0.33a 0.38a 0.55a 1542a  2857a  2674a
Shulinzhao 50 3383b  57.99a  60.68a 0.19b  024b  0.32b 654b  1373b  19.22b
N P=0.043 P=0.027 P=0.018
D P=0.007 P=0.014 P=0.032
NxD P=0.047 ns ns
BT N150 2326a  4522a  57.82a 039a 045a 0.55a 9.15a 2022  29.68a
Salagi N300 2396a  29.19b  37.37b 025b  028b  042b 591b 818  1582b
N P=0.032 P=0.043 P=0.002
D P=0.015 P=0.021 P=0.001
NxD ns ns ns

H (Note) : FFEHEEAFE/NG FREFR R —R 55 S A R A AP EFE 0.05 /K- 1255 13 Data followed by different letters are
significantly different among different N rate treatments in the same experimental site at the 0.05 probability level. ns F/R38 HAE AN i3 The

interaction is not significant.
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