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Increasing planting density and decreasing nitrogen rate increase yield and
nitrogen use efficiency of summer maize
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Abstract: [ Objectives ] Efficient and reasonable application of nitrogen (N) is vital for high yield and green
development of agriculture. Suitable plant density and N application rate in summer maize production were
studied to provide theorical and technical support of high-productivity and high-efficiency cultivation in summer
maize. [ Methods ] Field experiments were conducted in Suqgian, Yancheng, and Yangzhou, Jiangsu Province,
using maize cultivar of Jiangyu 877 as the tested material. The treatments including two planting densities of
60000 plants/hm’ (D1) and 82500 plants/hm* (D2), and four N modes of zero N (NO0), N 300 kg/hm* of
conventional urea (N1), N 225 kg/hm’ of conventional urea (N2), and N 225 kg/hm® of slow-release fertilizer

(N3). The yield, accumulation and distribution of dry matter and N, and N use efficiency in response to
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interactions of plant densities and N modes were investigated. [ Results ] Planting densities and N rates
significantly affect the yield and N absorption and utilization of summer maize. At the same N rate, single plant
yield was higher at D1 than that at D2, while the population yield was higher at D2. In comparison with N2, the
average population yields of N1 and N3 were increased by 11.3% and 10.9% under D1, and by 7.4% and 9.0%
under D2, respectively. The population yields of N1 and N3 were similar under D1 and D2. The population yield
of D2N3 in Sugian achieved 9214 kg/hm’, which was the highest among all treatments. The N accumulation and
translocation for population were higher at D2 than those at D1. The total accumulation of dry matter and N
of N3 at D1 were similar to those of N1, and both were higher than those of N2. At D2, the total dry matter
accumulation in N3 was higher than that in N1, but N accumulation of N3 was similar to that of N1. The profit of
different N treatments under D2 was higher than that under D1, and D2N3 got the highest profit among all the
treatments. [ Conclusions ] Based on the yield and nitrogen absorption and utilization in the three sites, plant
density of 82500 plants/hm’® with slow-released fertilizer of N 225 kg/hm* can improve the grain yield and N use

efficiency, reduce the production cost, and increase profit of summer maize in Jiangsu Province.
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Table 1 Basic soil fertility of Suqian, Yancheng and Yangzhou

{86 25 Experiment site 45 HL/5 Organic matter (g/kg)

4% Total N (g/kg)

FHHWE Available P (mg/kg) A4 Available K (mg/kg)

1531 Sugian 13.1 1.1
% Yancheng 16.2 1.0

M Yangzhou 19.7 1.2

15.2 111.8
12.4 81.8
7.7 73.9
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Table 2 Effects of different planting densities and nitrogen levels on yield and components of summer maize

B it 2 )i RAbH TR TRIEL ﬂqi H%kfﬁi 2N
Experiment site Plant density N treatment Ears Grain number lOOOI-graln Grain yield Population yield
S) D) (N) (No./hm?) per ear weight per plant (kg/hm?)
(8 (g/plant)

73T Sugian DI NO 59525 b 470 be 248 d 95¢ 5658 ¢
N1 58120 b 5242 335a 143 a 8297 b

N2 58460 b 488 b 322b 128 b 7475 ¢

N3 58690 b 524 a 333a 142a 8335b

D2 NO 79625 a 416 ¢ 236 ¢ 80 f 6408 d

NI 81110 a 463 ¢ 297 ¢ 112¢ 9061 a

N2 80425 a 442 d 289 ¢ 104 d 8352b

N3 80460 a 473 b 299 ¢ 115 be 9214a

#hIN Yancheng DI NO 58420 b 472¢ 237d 91d 5318
NI 58240 b 515 ab 34la 143 a 8339 b

N2 59015 b 504 b 312 be 128 b 7546 ¢

N3 58655 b 524 a 328b 140 a 8231b

D2 NO 79565 a 445d 207 e 75¢ 5942d

N1 79605 a 462 cd 295 ¢ 1lc 8853 a

N2 80710 a 438d 286 ¢ 102 cd 8261 b

N3 79985 a 469 ¢ 296 ¢ 113 ¢ 9035 a

M Yangzhou D1 NO 58295 b 470d 222d 85d 4931 e
NI 58845 b 523 a 322a 137a 8078 b

N2 58450 b 507 b 298 b 123 b 7190 ¢

N3 58540 b 538a 315a 138a 8074 b

D2 NO 79405 a MNle 201 ¢ 69 ¢ 5443 d

NI 80325 a 486 ¢ 263 ¢ 104 ¢ 8368 a

N2 80195 a 472d 255 ¢ 98 cd 7861 b

N3 80915 a 475 cd 269 ¢ 104 ¢ 8440 a

752253 HF ANOVA analysis

S 0.5 10.0™ 155.0™ 161.0™ 597.0

D 92.0"" 64.5™ 25.8" 76.8" 23.2™

N 0.7 141.0™ 973.0™ 977.0™ 518.0™
SxD 0.2 1.6 5.7 9.4 59.7"
SxN 0.8 1.0 4.9 527 22.1"
DxN 1.4 6.5™ 33.9™ 18.7 13.3"
SxDxN 1.0 3.0° 2.0 2.0° 5.0

# (Note) : D1—60000 plants/hm?, D2—82500 plants/hm? NO—ANJifi% No N application, N1—# #LAL N 300 kg/hm? Conventional fertilizer
N 300 kg/hm?, N2—# #UIE N 225 kg/hm? Conventional fertilizer N 225 kg/hm?, N3—ZZ FHE N 225 kg/hm? Slow-release fertilizer N 225 kg/hm?;
[R5 Bl Jo AN T) b 2R ) — M S OR TR AR B EIFE 0.05 7K 255 13 Values followed by different letters in a column indicate significant
difference among treatments in the same site at the 0.05 level; *—P < 0.05; *“—P < 0.01.
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Table 3 Economic benefit analysis of summer maize under different planting densities and nitrogen levels

R Akt b g, ROALEA N
Experiment site Plant density N treatment M Seed & Agr{cultural bz
©) ®) ™) Output value chemicals input machme‘ry and Profit
labor input
751 Sugian D1 NO 10184 ¢ 600 3000 6584 d
NI 14935 b 2005 4200 8730 b
N2 13455 ¢ 1870 4200 7385 ¢
N3 15003 b 2475 3600 8928 b
D2 NO 11535d 750 3000 7785 ¢
NI 16310 a 2155 4200 9955 a
N2 15034 b 2020 4200 8814 b
N3 16585 a 2625 3600 10360 a
I Yancheng DI NO 9572 e 600 3000 5972 f
N1 15011 b 2005 4200 8806 ¢
N2 13582d 1870 4200 7512d
N3 14816 ¢ 2475 3600 8741 ¢
D2 NO 10696 e 750 3000 6946 ¢
NI 15935 ab 2155 4200 9580 b
N2 14870 be 2020 4200 8650 ¢
N3 16264 a 2625 3600 10039 a
# M Yangzhou DI NO 8876 ¢ 600 3000 5276 ¢
NI 14541 b 2005 4200 8336 b
N2 12943 ¢ 1870 4200 6873 d
N3 14533 b 2475 3600 8458 ¢
D2 NO 9798 d 750 3000 6048 de
N1 15062 a 2155 4200 8707 ab
N2 14151 b 2020 4200 7931 ¢
N3 15192 a 2625 3600 8967 a

7 (Note) : D1—60000 plants/hm?, D2—82500 plants/hm?; NO—ANJifi%l No N application, N1—%# HLAL N 300 kg/hm? Conventional fertilizer
N 300 kg/hm?, N2— ¥ #UAE N 225 kg/hm? Conventional fertilizer N 225 kg/hm?2, N3—ZE B/l N 225 kg/hm? Slow-release fertilizer N 225 kg/hm?;
[RIZ B Je AN [R) B 26 TRl — M S S R AR BRI 722 0.05 /K- B 2257 B3 (P < 0.05) Values followed by different letters in a column indicate

significant difference among treatments in the same site at the 0.05 level.
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Fig. 1 Effects of different planting densities and nitrogen levels on population dry matter accumulation in summer maize
[# (Note) : D1—60000 plants/hm’, D2—82500 plants/hm’; NO—ANjifi & No N application, N1—# #UIE N 300 kg/hm® Conventional fertilizer
N 300 kg/hm?®, N2— 3 ML N 225 kg/hm? Conventional fertilizer N 225 kg/hm?*, N3—ZZ Bl N 225 kg/hm? Slow-release fertilizer N 225
kg/hm?; AR [6) T A8 2278 i) — 3 S OR [ AR FR A 78 0.05 7K P 22 57 .35 Different letters above the bars indicate significant difference among

treatments in the same site at the 0.05 level .]
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Fig. 2 Effects of different planting densities and nitrogen levels on population N accumulation in summer maize

500
450 | a a a
3 a
o5 400 | i EN a a
=8 350} & e -3 b &
3 & b b b
< E 300 f c d ¢
B 8 250 | d :
B = 200 | ! d
X o I H 4 |
0 §° 150 H | o = =l i [E| &
& Z 100
50
0
NO NI N2 N3N0 N1 N2 N3{N0 N1 N2 N3N0 N1 N2 N3| N0 N1 N2 N3|N0 N1 N2 N3
DI D2 DI D2 DI D2
1 1E Sugian #hIW Yancheng M Yangzhou

D1—60000 plants/hm?, D2—82500 plants/hm* NO—ASjifi % No N application, N1—%# #LHE N 300 kg/hm* Conventional fertilizer
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Table 4 Effects of different planting densities and nitrogen levels on dry matter translocation in summer maize

EUody Tl 25 )i E-psiil YPHFRLTTHR R (%) "
Experiment site  Plant density N level DMTA DMTA DMTR Contribution rate Ll&(%’f(?‘ééﬂ(
©) ®) ™) (g/plant) (kg/hm?) (%) to grain Harvest index
753 Sugian DI NO 264 ¢ 1585 ¢ 24.7 ab 28.0a 0.473 be
N1 343a 2058 ¢ 22.0cd 248b 0.450 d
N2 29.4b 1762 d 23.1b 23.6b 0.493 a
N3 327a 1964 ¢ 211 ¢ 23.6b 0.453d
D2 NO 22.6d 1865 cd 25.6a 29.1a 0.468 ¢
N1 29.6 b 2445 a 223 be 27.0 ab 0.437 ¢
N2 274¢ 2258 b 24.4 ab 27.0 ab 0.476 b
N3 29.8b 2458 a 21.9be 26.7 ab 0.433 ¢
I Yancheng DI NO 24.0¢c 1439d 24.4 ab 27.1a 0477 ¢
NI 33.1a 1983 b 222 be 23.8 de 0.469 d
N2 279b 1676 ¢ 23.0b 22¢ 0.507 a
N3 322a 1932 b 216¢ 23.5bc 0.465 de
D2 NO 20.4d 1681 ¢ 256a 283a 0.476 ¢
N1 275b 2270 a 22.5bc 257b 0.464 de
N2 24.1¢ 1986 b 237b 24.0 be 0.500 b
N3 28.0b 2309 a 22.1be 25.6b 0.462 ¢
#M Yangzhou DI NO 199¢ 1193d 249a 2420 0.503 ¢
N1 26.7a 1603 b 22.5bc 19.8 cd 0.493 d
N2 226b 1358 ¢ 23.0b 189d 0.536a
N3 258a 1550 be 218¢ 19.2d 0.490 d
D2 NO 16.9d 1396 ¢ 254a 25.6a 0.482¢
NI 25.4 ab 2093 a 233b 25.0 ab 0.446 f
N2 199¢ 1638 b 24.1 ab 20.8 ¢ 0.524b
N3 25.7 ab 2123 a 22.8 be 252a 0435¢
75 223HF ANOVA analysis
S 256.0** 260.0* 1.7 105.2* 3.0
D 191.0" 549.0" 18.4 136.0" 420.0"
N 255.0" 273.0" 60.1°" 65.7° 462.0"
SxD 103 45° 0.1 6.0 815.0”
SxN 1.0 1.3 0.7 2.1 119.0*
D x N 1.9 9.9" 0.4 5.5 32.0™
SxDxN 2.0 3.0° 0.3 3.0° 26.0"

7 (Note ) : DMTA—T# iz %% i Dry matter translocation amount, DMTR— T4 ftiz #% % Dry matter translocation rate; D1—60000
plants/hm?, D2—82500 plants/hm?; NO—ANJifi% No N application, N1—#4 #LJE! N 300 kg/hm? Conventional fertilizer N 300 kg/hm?, N2—# #LJIEL N
225 kg/hm? Conventional fertilizer N 225 kg/hm?, N3—ZZ /I N 225 kg/hm? Slow-release fertilizer N 225 kg/hm?; [R5 4 J5 AN [R) 4 8w [/ —
Ho SO R BRI R 0.05 K- 225 53 Values followed by different letters in a column indicate significant difference among treatments in the
same site at the 0.05 level . *—P < 0.05; **—P < 0.01.



1042 W) E SR 50 R 26 4
%5 FEMEEERKTENEERAREEOHMN
Table 5 Effects of different planting densities and nitrogen levels on N translocation in summer maize
HiEL (S) #E (D) AALHE (N) REFIEE (g/plant) AR H (kg/hm?)  HRFIZF (%) XPHPRLTTHR A (%)
Site Density N treatment N translocation N translocation N translocation rate  Contribution rate to grain
fiiE Sugian D1 NO 731d 43.9d 54.4 ab 57.6d
N1 1368 a 82.1b 555a 68.3 bc
N2 983 ¢ 59.0 ¢ 54.2 ab 55.0e
N3 1320 a 792 b 535b 66.5 ¢
D2 NO 613 e 50.6 cd 52.2be 58.0d
N1 1234 b 101.8 a 53.9ab 73.5b
N2 915¢ 75.5b 53.5b 62.5¢
N3 1190 b 98.2a S5lé4c 804 a
I Yancheng DI NO 649 d 39.0e 50.4 ¢ 553 ¢
N1 1350 ab 81.0b 52.5d 713 ¢
N2 1026 ¢ 61.6c¢ 51.9d 60.1d
N3 1383 a 83.0b 52.9d 75.8b
D2 NO 561 e 46.3d 52.0d 57.8 de
N1 1310 b 108.1a 59.6b 79.1 ab
N2 1076 ¢ 88.8b 623a 73.7 bc
N3 1370 a 113.1a 57.0c¢c 82.5a
M Yangzhou DI NO 461 d 277e 48.0d 454 f
N1 1011 b 60.7 b 503 ¢ 55.6d
N2 793 ¢ 47.6¢ 52.6 be 49.2¢
N3 1156 a 69.4b 5450 63.5¢
D2 NO 413d 34.1d 50.1¢ 46.8 ef
N1 1054 ab 87.0a 56.7 ab 72.2b
N2 775 ¢ 64.0b 58.1a 56.7d
N3 1119 a 924 a 55.0 ab 81.8a
75223 HF ANOVA analysis
S 324.0™ 312.0" 10.5™ 85.2"
D 36.7 100.0™ 75.0" 158.6™
N 148.0™ 147.0 38.2™ 199.0
SxD 14.5™ 13.6™ 54.7 3.0
S xN 12.2™ 12.3* 9.3" 5.1
D xN 3.4 48.2™ 14.5™ 17.0"
SxDxN 2.0 2.0 3.0 2.0

¥ (Note ) : D1—60000 plants/hm?, D2—82500 plants/hm?; NO—ANJifi & No N application, N1—4# #/I2 N 300 kg/hm? Conventional fertilizer
N 300 kg/hm?2, N2—# #UE N 225 kg/hm? Conventional fertilizer N 225 kg/hm?, N3—ZZFHE N 225 kg/hm? Slow-release fertilizer N 225 kg/hm?;
[R5 Bl Je AN ) b 3R ) — M S OR TR AR B RIFE 0.05 7K 255 13 Values followed by different letters in a column indicate significant
difference among treatments in the same site at the 0.05 level. *—P < 0.05; **—P < 0.01.
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Fig. 3 Effects of different planting densities and nitrogen levels on N distribution at maturity in summer maize

[7E (Note) : D1—60000 plants/hm’, D2—82500 plants/hm?; NO—ANJifi%{ No N application, N1—# #LAE N 300 kg/hm” Conventional fertilizer
N 300 kg/hm?, N2—H BB N 225 kg/hm? Conventional fertilizer N 225 kg/hm? N3—ZE R N 225 kg/hm? Slow-release fertilizer N 225 kg/hm?.]

FUFFRL DT HR A2 2 T N2 AP it &y A [
I, ARFRTTHRF RIS D2 > D1, B R AR
A H AR R TARL G TROR (B 3), etk
50% Db, HWEZERF. HRHFESEE ]
10%~20% Ay ; AHIRIEERE T, 3 /i N2 AR
FERLRR &t LU T NUFI N3 AR
25 EERANEEKARF AN

M6 H, ME., AEX _EIENEE
KAR WA T REBCREA B EZm, MR
RUKFIE, EE WA AR BICRS R D2 >
D1, [[—%ET, AFEME SRR R N3 >
N2 >N1, ZRBE; ARFPCRERFI N N3 >
NI>N2, ARRFRCFERIA N1 5 N2 BT N3,

3 ihie

B ] LR AR S R B IR A H
RO, SRRAT TR TR 7™ ) S B AR AR 7
TR U A T AR BRI RCRIORE =
LR E I IR AR B AT ABETE R, Bl Y
o, FOKREERR S TH R RE AR R &
TR, SEEEACEORD, RIEREAT, (H I R
e, MR B R F R m T, AUaRR
W1, MFREOKF T, w8 BT RO RN T 5 2y
AN (ENGE I a2 Sy VAT B | NG R 8 75 QIVAT 1) A
PR E . FR I —E R R, ORI
PUEIRRETT AR . Jea RS P RE, ORI BRI =
JEREAR, SBQRG™, Hil, 8RR T RS
o5 14 R A 7 RE TR ARG R I HE . MERHE R

P FORAE K s AR B i 2 —, B R A
AOBERIEARERY™ . - W HEZEHEC, S EEA
RE W3 7, A/ Sl B AR TG e, A
B b BUIE G 2 300 kg/hm? I BARR | BEIA P B e
AN Y T A 225 kg/hm? AbFE, 0% HLAE
Jifi 5 300 kg/hm? b P T B B 47 b 75 2 B K AR AR
XFFEAT HRSOR o 35 40 RO A2 56 T8 HAL At 2
0T R PR ST A R — 2 5 A
KA, GRS — U it FH R 6%tk 25 2 = B oK™
i MAFE R R 0 ARG AR, AR %
EAM T ERIEAMY TR RE ., mEMAR
I S i 2 T A )t o A T R RIAE A
B, 5H MR 300 kg/hm? Kb BR L #, ZEREAE 225
kg/hm? b B SRR FIBF IR = i 2 R AR E . X%
HH 28 B NG 224 sl o it FH B S0 B v 7= R A D, x5
RO TR B R R LI 25 R —2 . AMFaR 4
JEERWY, 3 B RN R R T PR T A
B, % 60000 Fk/hm? BENE] 825008k /hm?, A
ALERR PR R N 8.9% . A ZUKSE T, R
JE it FH R 0% 0 35 46 e FRAR AR A 7= i, HARR A
R STE TN

P IR G RN R A 2 B 1 BVE G R R R R R OK
PR MARFHRNARGERD, ENIM: R
WY, KB 2 2 B s 2 — 4 8 ek R
i FEE FEFRE AR oK 7 X R 7
IS S HEARCHREN, HEBAKLT,
TR AR R R A = 3 B R T AL g e Ak
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Table 6 Effects of different planting densities and nitrogen levels on N utilization in summer maize
HiA (S) R (D) RALH (N) Pt 1 (kg/kg) REFHOR (kg/kg) [ (%)
Site Density N treatment NPFP NAE NRE
fiiT Sugian D1 N1 27.7¢ 8.8¢ 269 ¢
N2 332¢ 8.1d 20.2d
N3 37.0b 119b 36.2 ab
D2 N1 30.2d 88¢c 33.6b
N2 37.1b 8.6¢c 24.0c¢
N3 41.0a 125a 385a
3% Yancheng D1 NI 27.8¢ 10.1 ¢ 28.2¢
N2 335¢ 99c¢ 225e
N3 36.6 b 13.0b 343a
D2 N1 29.5d 9.7c¢ 30.5b
N2 36.7b 103 ¢ 25.2d
N3 40.2 a 13.8a 340a
M Yangzhou D1 N1 26.9d 10.5b 28.8d
N2 320¢ 10.0 be 22.7¢
N3 359b 14.0a 34.0b
D2 N1 279d 9.8¢ 31.1¢
N2 3490 10.8b 25.5d
N3 375a 133 a 393a
F7 225347 ANOVA analysis

S 610.0™ 85.7" 0.9
D 344.0" 2.0 56.0"
N 150.0™ 464.0™ 302.0"

S xD 101.0" 32 0.8

SxN 10.8™ 1.9 1.3
D xN 114.0" 6.3" 18.3™

SxDxN 12.0™ 6.0 2.0

# (Note) : D1—60000 plants/hm?, D2—82500 plants/hm? NO—ANJifi%{ No N application, N1—# #LAL N 300 kg/hm? Conventional fertilizer
N 300 kg/hm?2, N2—# #IE N 225 kg/hm? Conventional fertilizer N 225 kg/hm?2, N3—ZZ B N 225 kg/hm? Slow-release fertilizer N 225
kg/hm?2. [FF G 5 AN R 8 2R R — s R R AR BRI 7R 0.05 7KF- 2257 3% Values followed by different letters in a column indicate
significant difference among treatments in the same site at the 0.05 level. **—P <0.01.
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