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Effects of Nitrogen Fertilizer Reduction and Postponing
on Grain Yield and Quality of Wheat
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Abstract: To clarify the regulatory effect of nitrogen (N) fertilizer reduction and postponing on the
grain yield and quality of wheat in Huang-Huai-Hai Plain, the N fertilizer experiment of wheat was
established under four N application treatments: N fertilizer application 200 kg « hm ?of traditional
farmer treatment(F,,, , basal fertilizer 130 kg * hm™* +regreening fertilizer 70 kg « hm™2), N fertiliz-
er application mode 1(N; , basal fertilizer 90 kg «+ hm™*+ regreening fertilizer 90 kg * hm™*), N fer-
tilizer application mode 2(N,, regreening fertilizer 60 kg « hm™* + heading fertilizer 80 kg « hm™?)
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and N fertilizer application mode 3(Nj, basal fertilizer 40 kg * hm * + regreening fertilizer 60 kg *
hm ™+ heading fertilizer 80 kg * hm™*) from October 2020 to June 2023 at Jiyang Experimental sta-
tion of the Shangdong Academy of Agricultural Sciences in Jinan. The effects of the four N fertilizer
treatments on grain yield and its components, N accumulation characteristics, grain protein and its
components, and processing quality of wheat were tested. The results indicated that N fertilizer post-
poning was beneficial to increase grain yield and its components of wheat under the conditions of N re-
duction, and the best performance was under N, treatment; the average yield across the three years
under N, was significantly increased by 20.5%,13.5% and 7. 6%, respectively, compared with F,,
N, and N;. Compared with Fy,, and N, treatments, N, and N; treatments significantly increased the
plant N accumulation by 12. 6 % —20. 8% , while the grain N accumulation of N, treatment was signif-
icantly increased by 16.4 %, 15.0 % and 5.8 %, respectively, compared with F,,, N, and N, treat-
ments., Compared with Fy, N, treatment significantly reduced grain protein content, grain rigidity,
test weight, flour yield and dough development time due to the lower N fertilizer, but postponing in-
creased amount of N fertilizer under N, and N, treatments significantly increased the dough stability
time, water absorption, wet gluten and sedimentation value. Therefore, although N; mode had the
least of N application, it can achieve the production purpose of increasing yield and quality by increas-
ing the amount of nitrogen fertilizer postponing, which was a better nitrogen application model to a-
chieve the synergistic improvement of wheat grain yield and processing quality in the Huang-Huai-Hai
Plain.

Keywords: Nitrogen fertilizer reduction; Nitrogen fertilizer postponing; Wheat; Protein content; Pro-

cessing quality; Yield
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Table 1 Soil nutrient content in 0—20 cm soil layer before sowing for three years

I b 3 A BB Eop) A CoHEE Eﬁﬁ’ﬁfﬂ?@% _
Year Treatment Organic mjitter/ Total mtrggen/ Available phosj)horus/ Available potzisslum/ NO; -N accumglatlon/
(g kg ) (g kg ) (mg « kg™ 1) (mg * kg™ 1) (kg « hm?)
2020—2021 Ini%aﬁm‘f%ue 10. 98 1. 15 35.8 110.2 80. 6
2021—2022 Fao0 11.01 1.21 40. 1 136. 8 190.4
Ny 10. 77 1.17 37.5 126.5 169. 6
N3 10. 87 1. 20 38.1 131.5 165.1
Ny 10. 76 1. 16 38.9 133.5 162. 2
2022—2023 Faoo 11. 25 1. 24 41.2 139.4 194. 2
Ny 11.01 1.18 37.9 130.5 182.1
N, 10. 94 1.22 39.1 136.5 173.6
Ny 10. 90 1.19 39.4 134.1 171.3
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Fig.1 Precipitation from 2020 to 2023
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Table 2 N fertilizer regimes of wheat

kg * hm™?
wm egpn PR RN ARG
Treatment "I‘ot "1:"\] Basal Regreening Heading
reatmen at fertilizer fertilizer fertilizer
Faoo 200 130 70 0
Ny 180 90 90 0
Ny 140 0 60 80
Nj 180 40 60 80
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Table 3 Effects of different treatments on grain yield and its components of wheat

AR VLB 7E
Year Treatment Yield/(kg « hm™?)

Spike ‘;umber/
(X10* « hm~?)

i HR A

Kernels per spike

TR E
1 000-grain weight/g

2020—2021 Faoo 8 447b
Ny 8 907ab

N, 9 949a
N3 9 243ab

2021—2022 Faoo 8 382b
Ny 8 619b

Ny 9 618a
N3 9 074ab

2022—2023 Faoo 5 300¢
Ny 5 934b

N 7 056a

N3 6 432b

3 AR Faoo 7 367¢

3-year average

N 7 820b

N, 8 874a

Ns 8 250b

595. 2b 39. lab 41.9b
636. 4ab 37.5¢ 43.9a
659. 7a 40. 3a 44. Oa
641. 9ab 38. 5bc 43.9a
594. 2b 40. 0a 41.5b
630. 7ab 37.3b 43. lab
649. 5a 40. 1a 43. 4a
634. 8ab 38. 6ab 43. 5a
367.5¢ 43.1b 31.1b
416. 2b 45. 3ab 32. 2ab
460. 2a 45.7a 33.6a
442. 2ab 46. 9a 31. 9ab
519. 0c 40. 7b 38.2b
561.1b 40. 0b 39.7a
589. 8a 42. 0a 40. 3a
573. 0ab 41. 3ab 39. 8a

(6] — 47 2 18] ) RO 5 A ] /N5 5 R 3 7 b B i) 22 e 3% (P <<0. 05) . R[],

Different lowercase letters following data in the same column and year indicate significant difference among treatments(P <0, 05).

The same in tables 4—8.
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Table 4 Effects of different treatments on N accumulation characteristics of wheat

bkl 2 22 A B o 4 25 B
i plm R e GrNsecumtion) S
(kg + hm %) (kg * hm %)
2020— 2021 Faoo 291. 6b 218. 9b 75.1a
N, 293.1b 219. 6b 75. 0a
N, 344, 2a 248. 0a 72. 1a
N3 342, 2a 237. 1ab 69. 3a
2021 — 2022 Faoo 268. 0b 221. 3b 82.7a
N, 272.4b 216. 2b 79. 4a
N, 307. 2a 245. 2a 79. 8a
N; 300. 6a 234. 4ab 78. 0a
2022 — 2023 Fuo 215. 2¢ 145. 9¢ 67. 8a
N, 247.6b 157. 4¢ 63. 6a
N, 284. 6a 189. 0a 66. 4a
Ny 272. 6a 173.2b 63. 5a
3Ry Fao 258. 3b 195. dc 75. 6a
3-year average Ny 271.0b 197. 7¢ 72.9a
N, 312.0a 227. 4a 72.9a
N; 305. 1a 214.9b 70. 4a
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Fig.2 Effects of different treatments on grain protein and components of wheat
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Table 5 Effects of different treatments on the quality of primary processing of wheat

level.

HERE PLs:] i i HHE g ES
Year Treatment Rigidity Test weight/(g+ L™1) Flour yield/ %

2020—2021 Fao0 65. 2a 805. 5ab 68. 6a
N, 62.6b 793. 5¢ 60. 0b

N, 64. 7ab 800. 8bc 66. 6a

N3 66. 4a 810. 0a 68. 5a

2021—2022 Faoo 63. 3a 804. 0a 67.3b
N, 61.9a 791. 3b 58. 4c¢

N, 62.0a 798. 0ab 68. 5ab
N; 63. 5a 809. 0a 70. la
2022—2023 Fao0 64. 0a 801.7a 68. 5a
N, 61.3b 788. 0b 65.0b

N; 63. 7ab 797. 8a 67. 0ab
N; 64. 7a 804. 3a 68. 5a
3 ARy Fao0 64. 2a 803. 7ab 68. la

3-year average

N, 61.9b 790. 9¢ 61.1b

N, 63. 4ab 798.9b 67. 4ab
N; 64. 9a 807. 8a 69. 0a
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Table 6 Effects of different treatments on the quality of wheat during secondary processing of wheat

Year Treatment time,/ min time/min Water absorption/%  Wet gluten/%  Sedimentation/mL
2020—2021 Fa00 5.03a 24. 3b 57.4b 32.7b 44. 4b
Ny 4.92a 24.1b 57.1b 34. 3b 46. 6ab
N, 5.17a 24. 5ab 59. 6a 37. 0a 48. 5a
N; 5.32a 24. 8a 60. 3a 37. 6a 48. 8a
2021—2022 Fa00 5.20ab 24.3b 58.3b 30. 3a 46. 2c
Ny 4.87b 24. 3b 58.9b 31. 3a 46. 8bc
N, 5.50a 25. 3a 61.0a 31.9a 48. 8a
N 5.47a 24.9a 60. 7a 31. 1a 48. 6ab
2022—2023 Fa00 5.29%a 23. 8ab 59. 3b 32.5ab 48. 5ab
Ny 4.97b 23.5b 57. 1c 29. 3b 46. 4b
N, 5.26a 24. 5ab 61. 0ab 34.7a 50. 4a
Nj 5.30a 24.7a 62.2a 34. 2a 49. 5ab
3 ARSIy Faoo 5.17ab 24.1b 58.3b 31.8b 46. 4b
Sryear average N, 4.92b 23.9b 57.7b 31. 6b 16. 6b
N, 5.31a 24. 8a 60. Sa 34. 5a 49. 2a
N; 5. 36a 24. 8a 61. 0a 34. 3a 48.9a
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