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Effects of nitrogen fertilizer application and micro-sprinkling irrigation
integration on grain yield and water use efficiency of winter wheat

LI Jinpeng, SONG Wenyue, YAO Chunsheng, ZHOU Xiaonan, ZHANG Zhen,

WANG Zhimin, ZHANG Yinghua”
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract In order to explore the effects of nitrogen application and micro-sprinkling irrigation integration on the grain
yield and water use efficiency of winter wheat in the North China Plain, a field experiment was conducted during the
2015 — 2016 growing season, and the high-yield wheat ( Triticum aestivum L.) cultivar ‘Jimai22” was taken as study
object. Under the condition of 105 kg N/hm” as the base fertilizer, there were three nitrogen fertilizer application
amounts (N1, 45 kg/hm?; N2, 90 kg/hm*; N3, 135 kg/hm?) with micro-sprinkling irrigation 4 times at jointing,
booting, anthesis and filling stages. The nitrogen fertilizer was applied with two modes: One applied at jointing stage
(N1-JS, N2-JS, N3-JS) and another one used the integration of water and fertilizer technology. i.e. , nitrogen fertilizer
was applied equally four times at jointing stage, booting stage, flowering stage and filling stage, respectively (N1-4T,
N2-4T, N3-4T). The grain yield (GY), leaf area index (LAD) , chlorophyll content of flag leaves during the grain filling,
dry matter accumulation (DM) and harvest index (HI), and water use efficiency (WUE) of different treatments were
investigated. The results showed that the grain yield first increased and then decreased with the increase of nitrogen
application level under the micro-sprinkling irrigation. N2 obtained the highest GY. At anthesis stage. the LAls of one-

time nitrogen application at jointing stage were significantly higher than the treatment of splitting application of nitrogen
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fertilizer, but the former was significantly lower than the latter at filling stage. The micro-sprinkling irrigation with

divided application of nitrogen fertilizer treatments delayed the senescence of flag leaves during the middle-late filling

stage, which was beneficial to the DM after anthesis and increased the grain weight. The water use efficiency of N2

treatment was significantly higher than those of N1 and N3 treatments. Under the same nitrogen application amount,

compared with one-time applied of nitrogen fertilizer at jointing stage, the divided application of nitrogen fertilizer

treatment significantly improved the WUE. In conclusion, compared with the one-time nitrogen fertilizer applied at

jointing stage, the grain yield and water use efficiency of winter wheat were significantly improved by the integration of

water and fertilizer. In this study, using micro-sprinkling irrigation with water and fertilizer integrated, four times of

nitrogen fertilizer application under N2 condition was the best treatment, which could be introduced as the high-yield

and efficient nitrogen fertilizer application mode of winter wheat in the North China Plain.
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Table 1 Irrigation schedule and nitrogen application in this study
THE BRI 30 1 R £/ mm RUNT it FH B 48 e ] 4/ (kg /hm®)
e Irrigation stage and amount N application stage and amount
Treat- e
ment KWW BN JTAEM WER M B oW Rl JRAEM dERR Jogy
ase
Jointing  Booting Anthesis  Filling Total Jointing  Booting Anthesis  Filling Total
fertilizer
N1-JS 30 30 30 30 120 105 45. 00 150
N1-4T 30 30 30 30 120 105 11. 25 11. 25 11.25 11.25 150
N2-JS 30 30 30 30 120 105 90. 00 195
N2-4T 30 30 30 30 120 105 22.50 22.50 22.50 22.50 195
N3-JS 30 30 30 30 120 105 135.00 240
N3-4T 30 30 30 30 120 105 33.75 33.75 33.75 33.75 240

TE:N1.N2. N3 735 275 38 FURE D 45,90 il 135 kg/hm? . Hrb JS 3678 FUIL G #8035 0 — R MESB i - 4T 2678 UL TE S35 300 22 R0 T 4830 A0

TES A 4 K T A .

Note: N1, N2 and N3 represent the nitrogen fertilizer application amounts of 45, 90 and 135 kg/hm?, respectively. JS. the nitrogen

fertilizer is applied one-time at jointing stage. 4T, the nitrogen fertilizer is applied at jointing, booting, anthesis and filling stages

with the same amount. The same below.
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Table 2 Effects of micro-sprinkling with different nitrogen fertilizer application treatments on

grain yield and yield components in winter wheat

W R R HE/ (10" /b
Treatment Yield 1 000-grain Grain number Spike number
weight per spike

N1-JS 7085.2 ¢ 14.8 e 29.7 a 668.2 b
N1-4T 7478.7 d 45.3 d 29.3 a 674.7 ab
N2-JS 8 392.6 b 46.8 b 30.5 a 683.0 a
N2-4T 8 925.9 a 47.3 a 30.9 a 685.2 a
N3-JS 7 759.3 ¢ 45.6 d 30.7 a 682.8 a
N3-4T 8 240.7 b 46.2 ¢ 30.6 a 680. 8 ab
N1 7 282.0 ¢ 45.0 b 29.5 a 671.5 a
N2 8 659.3 a 47.0 a 30.6 a 684.1 a
N3 8 000.0 b 45.9 b 30.7 a 681.8 a

AR FE/NE B R R AR B R 0. 05 KF 2R B2, TR,

Note: Different letters indicate significant difference among treatments at P <C 0. 05.

below.
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Fig. 2 Effects of micro-sprinkling with different nitrogen
fertilizer application treatments on population leaf
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Fig. 3 Effects of micro-sprinkling with different nitrogen fertilizer application treatments

on flag leaf chlorophyll content after anthesis in winter wheat
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Table 3 Effects of different micro-sprinkling nitrogen fertilizer application treatments on the
dry matter accumulation (DM) and harvest index of winter wheat
A6 S5 T4 BT X

JEAEm/ L/ I/ e et e 10 WOER 18 #

b 3m 7 / / Rt TR/
(kg/hm?) (kg/hm?*) (kg/hm?*) ) ) Harvest

Treatment Ratio of post-anthesis
Anthesis stage Maturity stage Post-anthesis o index

DM to grain yield
N1-JS 11 641.3 e 16 915.3 ¢ 5274.0d 71.7 e 0.435 d
N1-4T 11 548.5 ¢ 17 060. 2 ¢ 5511.8d 73.8 de 0.438 d
N2-JS 12 066.0 ¢ 18 631.6 b 6 565.6 b 77.1 abce 0.458 b
N2-4T 11 894.5 d 18 984.5 a 7090.1a 79.4 a 0.470 a
N3-JS 12 417.3 a 18 607.1 b 6 189.8 ¢ 76.0 cd 0.438 d
N3-4T 12 250.7 b 18 689.5 b 6 438.9 bc 77.5 ab 0.444 ¢
N1 11 594.9 ¢ 16 987.8 b 5392.9 ¢ 72.8 b 0.436 b
N2 11 980.2 b 18 808.1 a 6 827.9 a 78.3 a 0.464 a
N3 12 334.0 a 18 648.3 a 6 314.4 b 76.8 a 0.441 b
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Fig.4 Effects of micro-sprinkling with different nitrogen

B 4

fertilizer application treatments on the seasonal ET

during winter wheat development
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