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Effects of nitrogen application rate and topdressing stage
on dry matter accumulation and nitrogen utilization
of summer maize under drip irrigation

LIU Shuai, XU Yufan, JIA Jing, MENG Fangang, ZHU Zixin, ZHANG Yulu, ZHAO Changxing
(College of Agronomy, Qingdao Agricultural University ,Shandong Provincial Key Laboratory
of Dryland Farming Technology, Qingdao, Shandong 266109, China)

Abstract: Summer maize hybrid ‘ Zhengdan 958° was selected as the test material and two nitrogen applica-
tion levels of nitrogen application rate N1 (180 kg - hm™) and N2 (210 kg - hm™) were set to explore the effects
of nitrogen application rate and timing of topdressing nitrogen on dry matter accumulation, yield formation and plant
nitrogen transport and accumulation of summer maize under the conditions of drip irrigation and fertilizer integration.
The combination of nitrogen application periods of S1( jointing stage + belling stage) , S2(jointing stage + flowering
stage) , S3(jointing stage + belling stage + flowering stage) in nitrogen dressing period was designed. Under tradi-
tional irrigation conditions, the nitrogen application amount was 240 kg + hm™, one-time topdressing treatment for
CKI1 at jointing stage, and topdressing treatment for CK2 at jointing stage + belling stage were set up. There were 8
treatments in total. The results showed that compared with CK1, the accumulation of dry matter in the aboveground

dry matter in the mature stage of N1S3 and N2S3 in 2020 increased by 6.91% and 8.30%, respectively, and in-
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creased by 2.28% and 3.90% in 2021. In 2020, the agronomic use efficiency and nitrogen fertilizer partial produc-
tivity of nitrogen fertilizer increased by 84.59% , 61.43% , and 55.44%, 34.60% , respectively, and in 2021, they
increased by 90.82%, 64.38% , and 50.69% , 29.40%, respectively. In 2020, the nitrate nitrogen residues in 0~
20 cm soil increased by 15.63 kg + hm™ and 16.45 kg - hm™, respectively, and increased by 5.19 kg + hm™ and
5.64 kg + hm ™ in 2021. The yield increased by 16.56% and 17.77% in 2020 and 13.03% and 13.48% in 2021. In-
creasing the number of topdressings significantly increased the accumulation of dry matter in the above ground of
summer maize, the agronomic use efficiency of nitrogen fertilizer, the productivity of nitrogen fertilizer bias and the
nitrate nitrogen residue in 0~20 cm soil layer of maize plants, and the yield of summer maize based on the compre-
hensive analysis. The yield of N1S3 and N2S3 treatments was significantly higher than that of CK1, but there was
no significant difference in each index between the two treatments. Compared with N2S3 treatment, N1S3 treatment
reduced the input of nitrogen fertilizer, maintained higher dry matter accumulation, nitrogen accumulation and
yield, and increased the agronomic use efficiency and partial productivity of nitrogen fertilizer. Therefore, N1S3 was
the optimal treatment combination for this experiment.

Keywords: summer maize; integrated drip irrigation and fertilization system; dry matter accumulation; nitro-

gen utilization; yield
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Fig.1 Rainfall distribution during the whole growth

period of summer maize in 2020 and 2021
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Table 1  Trial fertilization scheme

[ JE it % B Topdressing rate/ ( kg + hm™
AbFE Basic fertilizer ABHEARE Topdressing rate/ ( kg - hm™)
Treatment rate AT yNCILNEE FHAEH

/( kg + hm™) Jointing stage Belling stage Flowering stage

N1S1 90 45 45 0
N1S2 90 45 0 45
N1S3 90 30 30 30
N2S1 90 60 60 0
N2S2 90 60 0 60
N2S3 90 40 40 40
CK1 90 150 0 0
CK2 90 75 75 0

x2 BEFHMEKE

Table 2 Irrigation volume at different stages

Qb P11/ mm KWL A/ mm FFAEW]/ mm

Treatment Jointing stage Belling stage Flowering stage
N1S1 5 5 0
N1S2 5 0 5
N1S3 5 5 5
N2S1 5 5 0
N2S2 5 0 5
N2S3 5 5 5
CK1 5 0 0
CK2 5 5 5
®3 BEEREFHRE(m-d)
Table 3 Growth process of summer maize
e TERME O BOWH RMIOAE JREH Rl
4E - L . . .
Ye: Sowing Jointing Belling Flowering  Maturity
ear stage stage stage stage stage

2020 06-20 07-14 08-05 08-14 10-08
2021 06-22 07-17 08-08 08-16 10-04
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Table 4 Effects of different nitrogen rates and application periods on aboveground

dry matter accumulation and yield of summer maize

b4 AR/ (kg - hm™?) ERTTY HETY .
AEAy Qb Aboveground dry matter accumulation kT EL i, i Rk ft‘m‘
v - DMTAA DMAA Vield
Year Treatment £ 1) ] HI . . /(ke - 2 )
Flowering stage Maturity stage /(kg + hm™) /(kg + hm™)
N1S1 9062.60b 16303.05bc 0.579b 1101.65d 7240.45¢cd 8342.10e
N1S2 8466.16¢ 15853.54¢ 0.580b 1148.73d 7387.38b 8536.11cd
N1S3 9012.08b 16729.63a 0.599a 1573.45ab 7717.55a 9291.00a
2020 N2S1 8967.54b 16260.74cd 0.579b 1144.95¢ 7293.19bc 8438.15de
N2S2 8570.14¢ 15957.15de 0.577b 1280.47¢ 7387.01b 8667.48b
N2S3 9197.62ab 16946.14a 0.593a 1638.88a 7748.52a 9387.41a
CK1 8539.20¢ 15647.71e 0.574b 862.30e 7108.50b 7970.90f
CK2 9475.39a 16617.84ab 0.580b 1477.57b 7142.46d 8620.02bc
N1S1 11012.47b 18802.81cd 0.540bc 1535.54¢ 7790.38cd 9325.93d
N1s2 10014.17¢ 17903.10e 0.541bc 1422.14e 7888.97b 9311.11d
N1S3 10949.77b 19178.73bc 0.553a 1826.59%a 8228.96a 10055.56a
2021 N2S1 11021.67b 18795.12¢d 0.541bc 1645.04b 7773.48d 9418.52¢
N28S2 9993.457¢ 17837.18¢ 0.537c 1497.02cd 7843.72bc 9340.74d
N2S3 11280.67b 19482.10b 0.552a 1872.64a 8201.44a 10074.07a
CK1 11292.77b 18750.64d 0.522d 1438.41de 7457.89%¢ 8896.30e
CK2 12467.47a 20306.72a 0.546ab 1886.63a 7839.30bc 9725.93b

T : [RBTG5 A [ 4473 Ak B ) 22 57 438 ( P<0.05) , T I],

Note: Different lowercase letters after data in the same column indicate significant differences among treatments in the same year ( P<0.05). The

same below.
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Table 5 Effects of different nitrogen rates and application stages on aboveground nitrogen accumulation of summer maize

W HAERRR (kg - ) WiekE  REFE UG
SRy s Aboveground nitrogen accumulation AR RER%E  RUGRsE MR HeprRh AR AR
Year Treatment A6 R /(ke ]-Vim_z) NTR NHI NAE i NGPE i /VPFPi
Flowering stage ~ Maturity stage /(kg-kg™') /(kg-kg') /(kg-kg™)
NIS1 99.82bc 203.85d 28.82bc 0.29de 0.62cd 21.14d 40.93b 46.35¢
NI1S2 83.80d 206.22d 19.57cd 0.23e 0.66b 22.22¢ 41.39b 47.42b
N1S3 98.94¢ 210.05¢ 51.42a 0.52ab 0.74a 26.41a 44.23a 51.62a
2020 N2s1 111.90a 205.56d 37.70b 0.34cd 0.61d 18.58f 41.05b 40.18f
N2S2 85.06d 209.18¢ 15.77d 0.18ef 0.64bc 19.67¢ 41.44b 41.27e
N2S3 109.81ab 213.93b 59.05a 0.54a 0.72a 23.10b 43.88a 44.70d
CK1 92.74cd 214.68ab 10.00d 0.11f 0.58e 14.31h 37.13d 33.21h
CK2 119.04a 217.37a 50.94a 0.43bc 0.65b 17.01g 39.66¢ 35.92g
NISI 163.48¢ 225.83bc 107.49¢ 0.66d 0.73¢ 17.33¢ 41.30b 51.81b
NI1S2 125.76e 223.39¢ 72.59d 0.58ef 0.74¢c 17.24¢ 41.68b 51.73b
N1S3 165.07be 231.83ab 121.05a 0.73a 0.79a 21.38a 43.38a 55.86a
021 N2s1 169.12b 226.67bc 114.11b 0.68cd 0.73¢ 15.29d 41.56h 44.85d
N2S2 130.08e 226.76bc 75.25d 0.80e 0.73¢ 14.92e 41.20b 44.48¢
N2S3 168.29bc 231.67ab 119.41ab 0.71ab 0.76b 18.41b 43.49a 4197¢
CK1 138.27d 226.77bc 76.08d 0.55¢ 0.70d 11.20g 39.25¢ 37.07g
CK2 182.69a 238.23a 125.67a 0.69bc 0.74c 14.66f 40.84b 40.53f
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Note: The data is the average value + standard deviation of each treatment, and different lowercase letters indicate significant

differences among treatments in the same soil layer ( P<0.05).

B2 AEEREFMERMAXNEERBHAB 0~100 cm TEHEHESEKBENFM

Fig.2 Effects of different nitrogen rates and application periods on residual NO; =N content in

0~ 100 cm soil profile at maturity stage of summer maize
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