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Integrated agronomic management practices improve nitrogen absorption,
grain filling and nutritional qualities of summer maize

YU Ning-ning, ZHAO Zi-hang’, REN Bai-zhao, ZHAO Bin, LIU Peng, ZHANG Ji-wang"
( Shandong Agricultural University/State Key Laboratory of Crop Biology, Tai’an, Shandong 271018, China )

Abstract: [ Objectives ] Summer maize production is generally low in efficiency due to low planting density,
unreasonable fertilization and early harvest. In order to improve yield, nitrogen use efficiency and grain quality,
we studied an integrated agronomic management practice suitable for Huang-Huai-Hai region. [ Methods ] A
summer maize cultivar of Zhengdan 958 was used as experimental material in a field experiment carried in
Shandong Agricultural University. Four integrated agronomic practices managements were setup, including T1

(conventional management), T2 (increasing plant density, decreasing fertilizer input, optimizing application period
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of NPK fertilizers, and postponing the harvest dates), T3 for super high yield treatment (based on T2, further
increasing fertilizer input and planting density), T4 for optimum high yield and high efficiency management
(based on T3, reducing planting density and fertilizer input, and applying 30 kg/hm’ of ZnSO,). The dry matter
accumulation and water contents of grains were measured at a five-day-interval from initial tasseling to the
complete of grain filling stage, the filling and dehydrate rate of grains were calculated, and the yields were
weighed at harvest. [ Results ] The three integrated managements increased grain filling rate, yield and
economic benefits, and improved grain nutritional quality significantly. In the two years, the highest grain
yield was in T3, with a significant increase of 46.0%—47.8% compared with that in T1 treatment, and followed
by T2 and T4, with a significant increase of 14.9%-31.6% and 25.9%—33.6% respectively compared with that
in T1 treatment. The N partial factor productivities (PFPNs) of T2 and T4 treatments were higher than those of
T1 by 61.1%—-84.5% and 53.6%—-62.9%. The grain filling rate from the date reaching maximum grain water
content to harvest was significantly increased under T2 and T4, and the dehydration rate and grain dry weight
were increased significantly at harvest stage as well. The grain quality was improved through integrated
managements. The best processing quality was obtained in T4, in which the contents of amylopectin, protein
and soluble sugar were significantly higher than those in T3, and the crude fat content was significantly
reduced, and the total starch and amylopectin content was 4.5% and 10.1% higher than those of T1 treatment,
and amylose content decreased significantly by 7.6%, and the ratio of amylopectin to amylose increased by
0.4. The economic benefit of T4 treatment was also the highest, which was 613 and 1084 yuan more than those
of T2 and T3 treatments in two years. [ Conclusions ] Through relatively decreasing plant density and fertilizer
rate, the optimized high yield and high efficiency management (T4) can effectively increase the nitrogen fertilizer
efficiency, improve grain nutritional quality and the maize production profit compared with the super high yield
management (T3), and significantly increase maize yield than the general double-high management (T2).

Key words: summer maize; integrated agronomic management practice; yield; nitrogen use efficiency;
grain filling characteristics; grain quality
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Table 1 Fertilization managements of different integrated agronomic management practices

Aethit A 83 Bt F i Fertilization period and rate (kg/hm?)

Plant density Wk H I

il ATk -
Treatment Fertilizer 516 S0 AhiE i #it Pl Harvest date
Basal Jointing Tasseling  One week after tasseling  Total (x 10%hm?) (month-day)
T1 N 225 225 6.0 09-21
P 45 45
K 75 75
T2 N 45 1155 160.5 6.75 10-01
P 45 45
K 45 30 75
T3 N 135 225 90 450 8.70 10-01
P 60 90 150
K 150 150 300
T4 N 30 90 64.5 184.5 75 10-01
P 30 25.5 55.5
K 30 75.5 30 1355
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Fig.1 Grain yield and 100-grain dry weight of summer maize under different integrated agronomic managements
[ (Note) : #E_EAIRTRFIRAE B 2257 B3 (P <0.05)

Different small letters above the bars mean significant difference among treatments (P < 0.05).]
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Table 2 Net proceeds of maize production in each integrated agronomic management

AEAJ) Year Qb3 Treatment FEEIA Yield income AR Total input it 2E Net income
2016 T1 11634 5440 6194 d
T2 13368 5651 7717 ¢
T3 17189 8870 8319b
T4 14651 5798 8853 a
2017 T1 11619 5440 6179 ¢
T2 15288 5651 9637 a
T3 16963 8870 8093 b
T4 15524 5798 9726 a

# (Note) : [FFNEE G A FREFR/RACFER 22 53 .3 (P < 0.05) Values followed by different letters in a column mean significant

difference among treatments (P < 0.05).
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Fig. 2 Effects of different integrated agronomic management practices on N harvest index (NHI), grain N content and N

partial factor productivity (PFPN) of summer maize
[[# (Note) : AR/ AP 25 7 1 25 (P < 0.05)

Different small letters above the bars mean significant difference among treatments (P < 0.05).]
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Table 3 Effects of different integrated agronomic management practices on grain filling of summer maize

e 2 Aol L e B e A ol
WRIATABR B TR T T A RPRIRCR )

) b (EEp Ty CHSF PR R
) A EATFP 100-KDWPM Average filling rate TARTE ORI HE
Year Treatment ) . 100-KDWMWC FRMWCM

(C) (2 (mg/C) .

) (mg/C)

2016 T1 597.3 30.1b 50.4 a 125a 66.5b
T2 699.7 313a 47¢ 12.8a 69.8a

T3 699.7 303b 433d 12.7a 66.5b

T4 699.7 315a 45.0b 129a 703 a

2017 Tl 696.5 313¢ 450a 11.2a 523¢
T2 785.9 359a 457a 11.8a 54.0b

T3 785.9 345b 439b 112a 53.0¢

T4 785.9 355a 452a 11.5a 553a

1 (Note) : EATFP—Effective accumulated temperature during grain filling period; 100-KDWPM—100-Kenel dry weight at harvest; 100-
KDWMWC—100-Kernel dry weight at maximum water content; FRMWCM—Grain filling rate from maximum water content to harvest; 75144
JE AR R R W] — AR AR [RI AL BRI 22 55 2 3% (P < 0.05) Values followed by different small letters mean significant difference among treatments
of the same year (P < 0.05).

2017 4, T1AMHRAEM:22)5 40 K NKFRL & 7K 148 PHFFRT E KBRS, B T1 AMFRFEI 2.4%~7.0%.
. H40~50 KIEMG; nh22)5 50 K, T2 fil T4 4k & 3 a5, 2016 47, 7E428 G 30~40 KN,
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Fig. 3

Grain moisture content and dehydration rate of summer maize under different integrated agronomic

management practices
[ (Note) : A MR FHER/RALH A 22 7 B3 (P < 0.05) Different letters above the bars indicate significant difference at 0.05 level.]
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Table 4 Effects of different integrated agronomic management practices on grain starch content of summer maize
b3 STEH (%) SCHETERY (%) HHERER (%) SCHE/EHEVERY
Treatment Total starch Amylopectin Amylose Amylopectin to amylose ratio
T1 65.7¢ 447 ¢ 21.0a 2.1
T2 68.1a 49.1a 19.0b 2.6
T3 67.5b 46.5b 21.0a 22
T4 68.6 a 492 a 194 b 25

H (Note) : [FFNEHE G AR FH: R AL PEA] 24 53 5.3 (P < 0.05) Values followed by different letters indicate significant difference among

treatments (P < 0.05).
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Fig. 4 Grain quality of summer maize under different integrated agronomic management practices
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