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Effects of micro-sprinkler irrigation integration and nitrogen fertilizer
management on yield, quality and nitrogen accumulation
and utilization of winter wheat

YAO Chunsheng, REN Jie; ZHANG Zhen, ZHOU Xiaonan, WANG Zhimin, ZHANG Yinghua"
(College of Agronomy and Biotechnology. China Agricultural University, Beijing 100193, China)

Abstract To optimize the nitrogen fertilizer application method for winter wheat micro-sprinkler irrigation integration,
‘Jimai 22’ was used as study material under micro-sprinkler irrigation and fertilizer integration conditions from 2018 to
2019. Three nitrogen application rates. 120 (N;), 210 (N,) and 300 kg/hm? (N;). were set. Under each nitrogen
application rate, two nitrogen application methods were set, which were one-time nitrogen application at jointing stage
(JS) and equal amount and split nitrogen application at jointing stage, booting stage, anthesis stage and filling stage
(4T). The yield, protein composition content, dough quality, nitrogen accumulation and utilization, and nitrate nitrogen
content in soil of winter wheat were determined. The results showed that. Under micro-sprinkler irrigation, split nitrogen

application (4T) significantly promoted post-anthesis dry matter accumulation, significantly increased the 1 000-grain
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weight of winter wheat, and then significantly increased grain yield. N3-4T treatment had the highest yield of
9 951.2 kg/hm*. Under the same nitrogen topdressing method, JS treatment significantly increased contents of
globulin, gliadin and gluten, and significantly prolonged dough stability time with the increase of nitrogen application
rate. With the increase of nitrogen application rate. Although the total protein content of grain in 4T treatment did not
change, the contents of albumin, gliadin and gluten decreased, the wet gluten content and dough formation time in N3
treatment decreased significantly. Under the same nitrogen application rate, compared with JS treatment, 4T treatment
significantly increased dry matter accumulation and harvest index post-anthesis, 1 000-grain weight and grain yield.
However, 4T treatment significantly reduced both gliadin and gluten ratio, and the dough formation time and
stabilization time were significantly lower than those of JS treatment. 4T treatment significantly increased nitrogen
partial productivity, significantly reduced nitrate nitrogen content in deep soil, and reduced the risk of leaching and
migration of nitrate nitrogen to deep soil. In general, increased nitrogen application rate significantly increased grain

yield and protein content, and split nitrogen application further improved grain yield and protein content, effectively

2023 4F 55 28 &

improved nitrogen partial productivity, and reduced the risk of soil nitrate leaching into deep soil.
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nitrogen utilization
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Fig. 1 Precipitation and temperature during 2018 to 2019 growing season in winter wheat
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Table 1 N fertilizer application stage and amount for
different treatments in this study kg/hm®
Hp JB A& BT N application stage
Ak 3
Treatment Base UatR 2R IFAE 3 HE S
fertilizer Jointing Booting Anthesis Filling
N,-JS 60. 00 60. 00
N,-4T 60. 00 15. 00 15. 00 15. 00 15. 00
N,-JS 105. 00 105. 00
N,-4T 105. 00 26.25 26.25 26.25 26.25
N;-JS 150. 00 150. 00
N;-4T 150. 00 37.50 37.50 37.50 37.50
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Table 2 Yield and yield composition of winter wheat under different nitrogen application treatment
b B 7= i/ (kg/hm®) FEE/ (X 10" /hm?) T AL L ThH/g
Treatment Yield Spike number Grain per spike 1 000-Grain weight
N,-JS 7 945,4+66.5 649.1+2.2 ¢ 33.44+0.3b 44,7+0.1b
N,-4T 8 268.6+£56.5 e 638.0+4.0d 33.2£0.2 b 46.5+20.1 a
N,-JS 8 732.8£70.4d 692.44+5.9 b 33.6£0.1 ab 43.74+0.2 ¢
N,-4T 9107.5+14.6 ¢ 685.44+3.7b 33.5+£0.3b 45.440.2 b
N;-JS 9419.6+61.3 b 718.5+1.4 a 34.34+0.2 a 43.3£0.1 ¢
N;-4T 9 951.24+36.3 a 713.0+0.6 a 34.64+0.4 a 45.34+0.3 b
N, 8 107.0£82.1 ¢ 643.6+3.2 ¢ 33.3+£0.2 b 45.6+0.4 a
N, 8920.1£89.7b 688.9+3.5 b 33.5+0.1b 44,540.4 ab
N, 9 685.4+123.1 a 715.7%+1.4 a 34.54+0.2 a 44,34+0.5 b
AN 8 699.3+£215.5b 686.6+10.3 a 33.8£0.2 a 43.940.2 b
4T 9109.14+243.7 a 678.8+11.1 a 33.8£0.3 a 45.7£0.2 a
M . M .
NXM

TE N it 2802k A B s ML RSB By A B . TS 4R I — YRS 5 4T, 305 100 L 20 REAUT L O 4 300 Al R 00 00 UK 4

L

HIBR., * .

xx il xxx AR HIARFE 0.05,0.01 F1 0,001 KFE E2EFRE, TR,

Note: N, nitrogen application rate treatment; M, nitrogen application mode treatment. JS, disposable

topdressing nitrogen at jointing stage; 47T, equal amount of nitrogen was topdressing at jointing, booting,

anthesis and grain filling stages. * , %% and *%* represent significant differences at 0. 05,0. 01 and

0.001, respectively. The same below.
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Table 3 Dry matter accumulation and harvest index of winter wheat under
different nitrogen application treatment
TY R 2R/ (kg/hm®) Dry matter accumulation
A 3 W3k 46 %L
Treatment T M AR Harvest index
Anthesis stage Maturity stage Post-anthesis
N,-JS 12 811.5+32.4 e 19 916.5+179.5 ¢ 7105.04160.1 f 0.450£0.01 a
N;-4T 12 391.3+30.3 f 19 986.9+163.8 e 7 595.6+133.9 ¢ 0.447+0.01 ab
N,-JS 14 074.4+18.5 ¢ 21 881.1+£118.7d 7 806.7+107.4d 0.4394+0.01 b
N,-4T 13 737.6£58.7d 22 965.04243.7 ¢ 9 227.44+201.6 b 0.455+0.02 a
N;-JS 14 699.8+58.2 a 23 503.8+113.8 b 8 804.0+55.7 ¢ 0.43340.01 b
N;-4T 14 223.44+10.2 b 24 352.6+34.0 a 10 129.2+44.1 a 0.454+0.01 a
N, 19 951.7+109.8 ¢ 12 601.44£96.0 ¢ 7 350.3+144.0 ¢ 0.449%+0.01 a
N, 22 423.0£271.0 b 13 906.0+80.2 b 8 517.0£333.7b 0.447+0.02 a
N, 23928.2+197.1 a 14 461.64109.7 a 9 466.61298.0 a 0.443+0.01 a
IS 21 767.1£523.3 a 13 861.94278.4 a 7905.24+253.2 b 0.441£0.001 b
4T 22 434,97£649.6 a 13 450.84274.7 a 8984.1+£377.5 a 0.45240.002 a
N * %% * %% * %%
M * %K * %K * %K (%%
NXM x %% %%
F4 FAEABARLETHEZENEREZRENFNA
Table 4 Nitrogen accumulation and utilization of winter wheat under different nitrogen application treatment
ﬁﬁ%ﬁﬁ*{l%’i/ ?Eiﬁﬁf}lf%/ Y Eiﬁﬂﬁéﬁffﬁfl?i/ /ﬁ?qﬁlﬁ ey
e (kg/hm?*) (kg/hm?*) (kg/bm? ) (kg/hm®) ?&ﬁ/% (kg/kg)
Treatment Nitrogen Post-anthesis Grain nitrogen Nitrogen Nitrogen Partial factor
accumulation nitrogen accumulation harvest o
at anthesis accumulation accumulation at maturity index productivity
N;-]S 227.8+1.6 ¢ 55.3+4.7d 206.3+3.2d 283.0%3.6 f 72.940.2 a 66.24+0.6 b
N,-4T 221.5+2.3 e 101.54+2.7 b 237.5+£3.1b 323.0+1.3d 73.5+1.0 a 68.940.5 a
N2-JS 281.5+3.4 ¢ 33.34+2.5¢ 223.9%2.6 ¢ 314.8+2.7 e 71.1+0.3 b 41.6+0.3 d
N,-4T 258.8*2.2d 111.2+0.5 a 271.6£3.2 a 369.9£2.5b 73.4+0.4 a 43.4%0.1 ¢
N;-JS 304.3+3.5a 41.1+2.8 ¢ 240.1+1.6 b 345.5+0.7 ¢ 69.54+0.3 ¢ 31.440.2 f
N;-4T 293.4+0.5b 83.9%1.4 ¢ 265.6+0.8 a 377.3+0.9 a 70.4=+0.1¢ 33.2%0.1e
N, 224.6+1.9 ¢ 78.4+10.6 a 221.9+7.3b 303.0+£9.1b 73.2%+0.5 a 67.6+£0.7 a
N, 270.1+5.4 b 72.24+17.4 a 247.7+10.8 a 342.3+12.4 a 72.340.6 a 42.5+0.4 b
N, 298.942.9 a 62.5+£9.7 a 252.9%5.8 a 361.4+7.1a 69.9+0.3 b 32.3+0.4 ¢
JS 271.2+11. 4 a 43.2+3.7b 223.4+5.0b 314.4%+9.1b 71.240.5 a 46.4+5.2 b
4T 257.9+10.4 a 98.9%t4.1a 258.2+5.4 a 356.8+8.5 a 72.4%+0.6 a 48.5+5.3 a
M xxx xxx xxx *xx xx xxx
N XM * *¥¥ *% KKK * %%
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Fig. 2 Dynamic changes of protein components and content of grains after anthesis under different topdressing treatment
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Table 6 Quality parameters of winter wheat under different nitrogen application treatment

e T T A A/ 18] A1 I B] /min T 141 %2 42 B (8] / min B dE 2L

Treatment (g/100 g) Dough developing Dough stability Farinograph quality
Content of wet gluten time time number

N;-JS 37.4+0.2 ¢ 2.3+0.1b 2.1+0.1b 46.0%0.6 a
N,-4T 39.240.2 a 2.5+0.1b 2.2+0.1b 43.3%+3.2 a
N,-JS 36.44+0.2d 2.8+£0.1a 2.97%0.1a 51.7£3.3 a
N,-4T 38.7+0.1 a 2.5+0.1b 2.24+0.1b 47.0+3.8 a
N;-JS 37.5+0.1¢ 2.64+0.1 ab 2.8+0.1a 46.7+1.9 a
N;-4T 38.1£0.1b 2.2+0.1¢ 2.2+0.1b 41.7£1.9 a
N, 38.24+0.4 a 2.4+0.1a 2.1+0.1a 46.5+1.6 a
N, 37.84+0.5 a 2.6+0.1a 2.5+0.2 a 47.8+2.5 a
N, 37.8%+0.1 a 2.4+0.2 a 2.5+0.1a 43.2+1.6 a
JS 37.1£0.2 b 2.5+0.1a 2.6+0.1a 48.1%+1.4 a
4T 38.71+0.2 a 2.44+0.1a 2.2£0.1b 44,0+1.7 a
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Fig. 3 NOj -N content of different soil layer at winter wheat maturity stage under different nitrogen application treatment
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