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Effects of long-term nitrogen management on the yield, quality and nitrogen use
efficiency of winter wheat in Henan
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China)

Abstract: This study aimed to elucidate the effects of nitrogen fertilizer management on nitrogen
translocation, dry matter accumulation, yield, and quality of winter wheat in Henan Province,
using the cultivar Zhengmai 1860. Under three nitrogen application rates (100, 200, 300 kg ©im?)
and three nitrogen base-topdressing ratios (5:4, 3:3, 4:5) combinations of nitrogen fertilizer
management models, the effects of nitrogen application rate and base-topdressing ratio on the
yield, quality and nitrogen use efficiency of winter wheat were analyzed for three consecutive
years. The results showed that all nitrogen treatments significantly increased the yield, quality and
nitrogen use efficiency of winter wheat, among which the N2 treatment (nitrogen application rate
of 200 kg him™) had the most significant effect (P<0.05). At the same time, the base-topdressing
ratio had a significant effect on the yield, quality and nitrogen use efficiency of winter wheat. All
base-topdressing ratios significantly increased the yield, quality and nitrogen use efficiency of
winter wheat, among which the R2 treatment (nitrogen base-topdressing ratio of 3:3) had the most
significant effect (P<0.05). Through interaction analysis, it was found that nitrogen application
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rate, base-topdressing ratio and their interaction could significantly increase the yield, quality and
nitrogen use efficiency of winter wheat, and the improvement effect on quality showed an upward
trend, with the N2R2 treatment having the best effect. In general, nitrogen application rate had a
significant negative effect on the yield of winter wheat, while base-topdressing ratio had a
significant positive effect on the yield of winter wheat by affecting nitrogen use efficiency.
Considering both increasing yield and nitrogen use efficiency, a nitrogen application rate of 200
kg hm and a base-topdressing ratio of 3:3 can be used as the best nitrogen fertilizer management
model for achieving high yield and quality of wheat.
Keywords: Winter wheat; nitrogen application; nitrogen utilization efficiency ;quality; yeild
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Table 1 Effects of nitrogen fertilizer management on winter wheat yield and its components

b3 B4 Spike number/ K% Grain number i # 1 000-grain
Treatment (10* hm32) per spike weight/ (g) PR Yield/ Ckg ™)
NO 320.2423.4d 21.3+1.5d 30.242.5¢ 2 343#154d
N1R1 334.5%28.7¢c 22.542.3b 32.443.2b 5432+287c
N1R2 354.4434.2a 24.942.7a 36.543.4a 6 342+167a
N1R3 341.2437.7b 23.1+2.4b 33.1+2.5b 59874243b
N2R1 349.7438.7b 23.6+1.6¢ 35.842.9b 5988+123c
N2R2 356.8423.1a 26.743.2a 39.743.6a 6 981+214a
N2R3 351.2429.8b 24.343.1b 36.243.1b 6 3454265b
N3R1 328.5437.6¢ 22.942.7b 33.543.6b 5124+118c
N3R2 346.6432.1a 25.242.9a 35.644.2a 6 098+198a
N3R3 338.4430.3b 23.143.1b 34.144.1b 55324321b
FIE

77.6* 154 .5** 203.4** 116.5**

175.4%* 165.4** 87.7* 124 4**
N>R 197.4** 87.7* 102.** 115.5%*

A FAIARNG FRER R AR AR 2 7 B2 (P<0.05) ; *FoRZE K ZRENZE 72 &
(P<0.05) , **R/;RLERFFPMZEREFE (P<0.0D) . T,
2.2 BRLIBEXTZ/NE fh R I

HI%% 2 W5, TSR RS A&/N B AR R R, 5 NO AEAHEL, BUIBALER Y 2 4R
AN, DL N2 iR 200 kg hm?) AABEAUCR O E R . HItFE, JEEtk
ilF & N il BT R e SR, B S e T AN, i Bl R2 CRUERFEIE
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Table 2 Effects of nitrogen fertilizer management on winter wheat quality

. " . N . G725/ N <1 I . .
Qb3 P T Wet gluten/  F& € I [H] Stability ) VT B% {4 Sedimentation
] ) Development  time/
Treatment (%) time/ (min) . value/ (mL)
(min)

NO 23.243.2d 4.34.7d 1.5340.23d 14.3+2.3d

N1R1 25.4+2.1b 4.840.9b 1.65#0.12c 15.642.6¢

N1R2 28.942.9a 5.940.6a 1.9840.15a 18.7#+1.5a

N1R3 26.143.2b 5.120.5b 1.7620.13b 16.243.2b




N2R1 29.8+2.1c 5.640.4b 1.8740.16¢ 17.8+.6¢

N2R2 33.4+1.6a 7.34).6a 2.1140.23a 21.242.9a
N2R3 31.143.2b 5.940.7b 1.9440.25b 19.844.3b
N3R1 24.543.3b 5.140.4b 1.6640.27c 15.743.2b
N3R2 27.6+3.8a 6.3#40.3a 1.9740.22a 18.743.6a
N3R3 25.1%2.5b 5.230.6b 1.8530.31b 16.533.1b
FIE

95.4* 187.5** 123.3** 67.7*
R 209.2** 198.4** 87.8* 98.3*
N>R 109.3* 78.8* 112.3* 109.5**
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ML, ZFUBALEEY R 3R m THE A My BRI . @RS &, Bl N2 Gk
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AL BRRSCR B R s o SIS EAE 0 AT R i R AN R e A B AT LA 2 RS S
RN ZAENY SR, WK E S HVER . RURDT . ISR SR, X T
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Table 3 Effects of nitrogen fertilizer management on organic matter in winter wheat

# Mg U Crude fat/ #1 2 H Crude FiE#rCrude starch/ & JR ## Reducing

Qb2 Treatment
(%) protein/ (%) (%) sugar/ (%)

NO 3.240.2c 10.2+1.3d 70.543.2c 2.140.3c
N1R1 3.640.4b 11.3#1.5b 72.315.4h 2.74.3b
N1R2 4.340.2a 12442 .3a 75.443.5a 3.240.2a
N1R3 3.940.5b 11.542.3b 73.144.6b 2.940.4b
N2R1 4.140.6b 12.5#2.1c 74.445.7b 3.640.2b
N2R2 5.340.5a 14.3+1.9a 79.846.4a 4.740.2a
N2R3 4.3140.4b 13.2+1.5b 75.445.2b 3.940.5b
N3R1 3.840.4b 10.6%2.1c 71.344.3b 3.140.2b
N3R2 4.540.6a 11.442.6a 74.244.9a 3.540.3a
N3R3 4.240.4b 11.242.3b 72.145.5b 3.340.2b
N 134.2** 234.3** 189.3** 187.6**
R 87.6* 109.3** 76.5* 104.2**
N>R 98.3* 102.3** 87.7* 93.2*
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Table 4 Effects of nitrogen fertilizer management on nitrogen uptake rate in winter wheat
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Treatment Tillering staget/(%)  Jointing staget/ (%)  Flowering staget/ (%) Maturity staget/ (%)
NO 23.1+2.3c 45.344.5d 83.246.5d 46.343.2d
N1R1 25.242.7h 46.735.4c 84.447.6b 48.444.5b
N1R2 27.4+ .6a 48.634.2a 87.847.4a 51.245.4a
N1R3 25.3+2.5b 47.544.2b 85.648.2b 48.945.3b
N2R1 27.542.8b 48.945.4c 87.8%7.8c 51.345.8¢c
N2R2 30.3#3.1a 52.343.8a 91.246.7a 56.5#4.2a
N2R3 28.343.4b 49.6+.7b 88.748.3b 52.143.9b
N3R1 25.442.8b 47.644.6b 85.3#9.2¢c 48.946.5¢C
N3R2 28.613.6a 49.743.9a 88.446.5a 53.246.3a
N3R3 25.143.3b 48.14#4.1b 86.745.4b 49.345.2b
FlE

232.4** 187.3** 156.3** 201.3**

109.5* 89.4* 67.7* 90.8*
N>R 98.7* 109.3** 112.3* 78.6*

H1%% 5 AR, AR AN L] B2 N R R R AR fe s . 5AER (NO)
ML, RIEHEZSE S T RIEME™ ). BRRFAHE. RREHIEMERZ BN E,
Hor DL N2 R o 3 . HIBRIN, FEE LLEINT L E 4 AN bs e AR IR R N, Hor
DA R2 AbFEAUR Sy 2 o 8IS EAR I 0 A aT i, i U RN R 1E B AR S AT A P S e
g F AR m N Z BIEM R, BLN2R2 AL AR At .
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Table 5 Effects of nitrogen fertilizer management on nitrogen uptake rate in winter wheat

BB A= 7= J) Partial  BERARFECR E- - SO g
HEFMFIH =
AbBE factor productivity of  Agronomic efficiency of  Physiological efficiency
Apparent recovery
Treatment nitrogen fertilizer/ nitrogen/ of nitrogen/
efficiency of nitrogen/ (%)
(kg kg™ (%) (%)
NO 23.443.2d 45.335.4d 83.247.8d 46.334.3d
N1R1 25.242.1b 47.244.3b 85.347.4b 48.334.5b
N1R2 28.3+2.9a 50.343.4a 87.146.7a 50.945.0a
N1R3 26.443.4b 48.145.6b 85.245.9h 49.145.2b
N2R1 27.743.1c 49.334.3c 87.338.4c 50.343.5¢
N2R2 32.3+1.9a 54.345.3a 91.245.3a 55.444.9a
N2R3 29.3%2.6b 52.244.2b 89.0+7.4b 52.346.5b
N3R1 24.342.0b 46.3#4.1c 84.545.3b 48.746.2b
N3R2 27.743.5a 49.9146.5a 88.747.1a 51.244.7a
N3R3 25.242.2b 48.34.9b 85.845.2b 49.0+4.9b
FIE
365.2** 201.3** 198.3** 98.7*
104.3** 87.6* 125.4** 108.6**
N>R 67.7* 98.7* 103.3** 115.4**
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Table 6 Effects of nitrogen fertilizer management on nitrogen distribution ratio in winter wheat

Qb B = - T R A
Treatment Stem/ (%) Leaf/ (%) Spike (%) Grain (%)
NO 15.242.3c 7.4+.3d 7.9#1.3c 67.536.5¢C
N1R1 17.3143.8b 8.1+1.5b 8.7+1.8b 69.246.9b
N1R2 20.9#2.1a 10.2#2.2a 10.242.3a 72.33 .4a
N1R3 18.143.6b 8.5+.7b 9.1#.1b 70.147.3b
N2R1 20.942.6b 10.5%2.0c 10.140.8b 71.447.8b
N2R2 25.443.6a 13.2#2.5a 14.3H1.5a 75.448.4a
N2R3 21.313.1b 11.142.1b 11.942.5b 72.345.6b
N3R1 18.442.9b 8.941.5b 9.3#2.4b 69.546.3b
N3R2 21.243.3a 9.8+l.4a 12.242.8a 72.347.3a
N3R3 19.0%2.8b 9.1+2.0b 9.9+1.2b 70.146.1b
FlE

201.3** 109.7** 87.8* 96.5*

129.4** 78.8* 105.6** 201.4**
N>R 78.7* 98.0* 113.3** 118.7**
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Figure 1 Relationship between nitrogen utilization and yield of winter wheat under nitrogen
fertilizer management
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