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The effect of nitrogen fertilizer management on the yield and nitrogen
utilization of ordered machine throwing early rice

QIN Bin, SUN Xin, LIU Fugiang, HE Zaizhou, XIANG Jun, TAO Zuhao,
WANG Weigin, ZHENG Huabin, TANG Qiyuan®

(College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: This study investigated the effects of nitrogen fertilizer application rate and distribution on the yield, growth
characteristics and nitrogen utilization of ordered machine throwing early rice. Field experiments on conventional early
rice variety Xiangzaoxian 24 were conducted from 2021 to 2022 by setting three levels of nitrogen applications, namely
N1(120 kg/hm?), N2(150 kg/hm?) and N3(180 kg/hm?), five groups of nitrogen fertilizer allocation ratios of basal
fertilizer, tillering fertilizer and panicle fertilizer, T1(1 : 1 : 1), T2(0 : 1 : 1), T3(1 : 0 : 1), T4(1 : 1 : 0), and the control
CK(nitrogen application rate of 120 kg/hm?, the application ratio 5 : 3 : 2) and zero nitrogen treatment(NO). The results
showed that the average yield of early rice with orderer machine throwing decreased sequentially with the decrease of
nitrogen application rate, and the average yield of N1 was significantly lower than that of CK and higher than that of NO.
The yield of T2 was lower than those of T1, T3, T4 and CK, with a significant decrease compared to T4. Analysis of yield
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components reveals that the decrease in yield mainly resulted from the decrease in the number of spikes per unit area. The

tillering rate of T2 treatment did not significantly decrease, but had low panicle formation rate and decreased panicles per

unit area. The nitrogen utilization efficiency of ordered machine throwing early rice decreases when the nitrogen

application rate increases. The nitrogen absorption and utilization efficiency, as well as the agronomic utilization

efficiency of T2 were significantly lower than those of T4. It could be seen that instead of panicle fertilizer, basal

fertilizer with nitrogen fertilizer had a significant impact on the yield and nitrogen utilization efficiency of ordered

machine throwing early rice. It could be concluded that nitrogen fertilizer management in the early stage might be a key

factor for high yield in ordered machine throwing cultivation of rice.

Keywords: early rice; nitrogen fertilizer allocation; ordered mechanical throwing cultivation; yield; nitrogen fertilizer
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Table 1 Yield and yield composition of early rice under different treatments in 2021

it RIESE P EI(thm?) ARG /m? Ttk $ L5 % TAIFRg PSR EU%
NO 3.70D 219.0C 105.5B 78.2 246 51.2B
CK 7.14AB 356.0B 127.7A 73.2 245 52.5AB
N1 T1 6.95ab 375.0a 121.6ab 68.2b 24.4 52.7
T2 6.43b 291.0b 140.7a 72.8ab 24.2 51.8
T3 6.85ab 398.0a 111.2b 74.7a 24.6 52.9
T4 7.03a 404.0a 110.6b 71.0ab 24.4 52.8
¥H 6.82C 367.0B 121.3A 738 24.4 52.6AB
N2 T1 7.19a 389.0b 120.8a 75.7 24.3 52.9a
T2 6.66b 355.0c 122.7a 776 24.4 51.2b
T3 7.01ab 413.0ab 107.6b 743 24.2 53.5a
T4 7.22a 417.0a 113.5ab 718 245 52.9a
¥ 7.02BC 393.5AB 116.2B 74.9 245 52.6AB
N3 T1 7.14ab 416.0ab 115.3b 717 24.4 53.6
T2 6.78b 390.0b 109.2b 747 245 53.0
T3 7.37a 439.0a 118.9a 69.2 245 54.3
T4 7.54a 450.0a 110.3b 73.8 245 54.0
¥iE 7.21A 423.8A 113.4B 72.3 24.4 53.7A
5 22550 N * *x
T ok ok * *
NxT *

[FISIARING TR 7R (] — it A5 UL 3T AR HTE] (422 A7 BE 248 L (P<0.05) s [AIFIANIF] KB T RER R AN IRt 2 A2k ) ) 2 S A7
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Table 2 Yield and yield composition of early rice under different treatments in 2022

it A FNES L FERIthm™?) ARG TR %k ZESRK % TR WOHRIREU%

NO 4.45C 270.0D 96.1B 83.4A 24.6 57.3A

CK 7.40A 463.0A 120.9A 71.5C 24.4 54.4B

N1 T1 7.06a 412.0b 127.3ab 77.1a 24.4 56.4
T2 6.55b 355.0c 135.5a 68.5b 24.2 55.9
T3 7.01a 395.0b 134.7a 76.4a 24.6 56.9
T4 7.25a 467.0a 118.2b 73.4ab 24.4 55.1
¥IE 6.97B 407.3C 128.9A 73.8B 24.4 56.1AB

N2 T1 7.59 470.0a 121.4b 75.6a 24.3 56.1a
T2 6.64b 359.0b 136.3a 74.0a 24.4 51.5b
T3 7.66a 434.0a 120.4b 78.7a 24.2 56.3a
T4 7.74a 481.0a 114.0b 78.8a 24.5 54.1ab
¥IE 7.41A 436.0BC 123.0A 76.2B 24.5 54.5AB

N3 T1 7.89%a 466.0a 122.2ab 75.3a 24.4 54.2ab
T2 6.83b 379.0b 139.0a 75.6a 24.5 55.5a
T3 7.84a 464.0a 119.5b 76.4a 24.5 54.7ab
T4 7.99a 485.0a 124.3ab 75.8a 24.5 53.0b
¥IE 7.64A 448.5AB 126.2A 75.7BC 24.4 54.4AB

I3 22530 N * * **
T **k **k **k *
NxT

SR ING B3R TR — it 45 I A B AL PR R 1 22 545 o3 T3 X (P<0.05); RIS AR S TR ARt A B 22 54
it X (P<0.05), “* =+ /3 RI;RAE 0.05, 0.01 /KM RE .
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Table 3 Growth traits of early rice under different treatments in 2021

SAHTEY R AR

it SR A RS (0 (<10%hm ) (<10hm ?) ST BER % AEE%
NO 9.05 2.615E 2.190C 289.6E 76.3
CK 9.35 4.497D 3.560B 481.1D 74.4
N1 T1 9.85 5.240ab 3.750a 532.5b 72.0b
T2 9.70 4.646b 2.910b 479.2¢ 66.1c
T3 9.80 5.312a 3.980a 542.1ab 74.1b
T4 10.35 5.500a 4.040a 531.5b 76.9a
WE 9.93 5.1745C 3.670B 521.3C 723
N2 T1 10.65 5.601a 3.890b 525.9¢ 72.8b
T2 9.75 5.331b 3.550¢ 546.8b 66.2¢
T3 9.15 5.261b 4.130ab 575.0a 72.6b
T4 9.80 5.321b 4.170a 543.6b 77.7a
WE 9.84 5.378B 3.935AB 547.8B 723
N3 T1 9.20 5.617b 4.160ab 610.5b 70.5b
T2 9.55 6.064a 3.900b 635.6a 63.1c
T3 9.20 5.851ab 4.390a 636.4a 69.1b
T4 10.75 6.224a 4.500a 579.6¢ 76.1a
E 9.68 5.939A 4.238A 615.5A 69.7
J 250 N * b
T * *x * *
NxT
[FEFNAN R NG R IR [R]— it A RUIE S LA ] 1 22 5 e T4 38 X (P<0.05) ;. Al ARIR S FR-F R ARt A it R A2 A

it L (P<0.05), 23 Jil7RTE 0.05, 0.01 K F5200 &
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Table 4 Growth traits of early rice under different treatments in 2022

K Py )y 73 H
MRt SIS (*fj;/f nfj) ot nfj) (ﬁﬁfﬁnﬁ‘z’) DM Y
NO 10.51 3.557B 2.700D 338.3C 76.9
cK 11.56 6.348A 4.630A 549.1A 737
N1 T1 10.51 5.388b 4.120b 514.3b 76.3a
T2 11.11 5.223b 3.550¢ 472.2¢ 66.7b
T3 10.36 6.318a 3.950b 614.7a 62.8b
T4 10.66 6.213a 4.670a 593.6a 74.0a
¥IE 10.66 5.786A 4.073C 548.7B 70.0
N2 T1 10.51 6.078ab 4.700a 579.7¢ 74.3a
T2 10.06 5.568b 3.590b 554.6¢ 66.6b
T3 9.60 6.243a 4.340a 650.0a 67.9b
T4 10.36 6.483a 4.810a 627.4b 74.5a
i 10.13 6.093A 4.360BC 602.9A 70.8
N3 T1 10.81 6.093ab 4.660a 564.6¢ 79.6a
T2 10.36 5.448b 3.790b 530.9¢ 67.3c
T3 10.66 6.483a 4.640a 613.6b 74.8b
T4 9.90 6.768a 4.850a 685.4a 71.2b
¥iE 10.43 6.198A 4.485AB 598.6A 73.2
WE-%x i N * *
T - o * *
NxT
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Table 5 Nitrogen accumulation in aboveground parts of early rice under different treatments g/m?
2021 FFA R R & 2022 FER AR R &
Jii RIEHE
PNTs A - ” - -
iRy et iR A
NO 4.40D 6.34D 4.17D 6.78D
CK 12.24B 16.09B 15.02B 17.87B
N1 T1 11.07b 14.01b 12.68b 15.94b
T2 11.54c 13.08c 10.79¢ 14.21c
T3 13.29 14.92a 12.70b 16.69a
T4 12.69%a 15.32a 15.18a 17.35a

WE 12.15C

14.33C 12.86C 16.05C
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%+ 5(%) g/im?
o o 2021 AR R L 2022 FH RS \%‘ _
i TR iR A
N2 T1 13.02a 16.51b 14.88b 19.10b
T2 12.72b 14.68¢ 13.09¢ 15.68¢
T3 14.24a 16.05b 15.94ab 18.78b
T4 15.06a 17.70a 17.47a 20.02a
¥iE 13.76B 16.24B 15.35B 18.39B
N3 T1 14.91b 17.10c 16.52b 20.44b
T2 14.42b 15.61d 14.68¢ 18.04¢
T3 16.30a 19.01b 18.59 21.00ab
T4 16.96a 20.20a 18.56a 22.15a
¥ 15.65A 17.98A 17.09A 20.41A
Ji 253 Hr N * * * ok
T *k *k *k *x
NxT

[RISAN ) NE T BEFR [ — it A ik 25 ZRUIE 23 e A B 9 22 57T S84 R 3 (P<0.05); [AJBI1ANTR)
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Table 6 Nitrogen utilization efficiency of early rice under different treatments in 2021

%

Jiti S RIBAE FIEIR ORI % RIBARFFIH RBA: LR % A FE WS
NO 66.01A
CK 67.19A 28.60A 42.41B 63.19AB
N1 T1 57.80ab 27.05ab 47.35b 59.33b
T2 43.15b 22.75b 51.56a 53.85¢
T3 54.01ab 26.27ab 45.84b 63.38ab
T4 61.11a 27.6% 45.92b 65.27a
¥IE 54.02B 25.94A 47.67A 60.46C
N2 T1 57.23ab 23.23a 41.12ab 63.76a
T2 44.38b 19.74b 44.04a 56.10b
T3 52.27ab 22.03ab 42.39ab 65.17a
T4 64.65a 23.48a 37.43b 63.61a
WE 54.63B 22.12B 41.25B 62.16BC
N3 T1 49.76a 19.12ab 40.82 59.93ab
T2 40.12b 17.11b 42.04 57.72b
T3 54.46a 20.38a 38.33 62.68ab
T4 57.05a 21.31a 38.49 63.87a
E 50.35B 19.48C 39.92B 61.05C
T 250 N i i
T e e * e
NxT

[N ) /NG PR3 ] — it e 45 SRUIE O A B ) 925 53 S 123 L (P<0.05) 5 RIS IR K S 7 B3 AN [l e SR At o) 2 S5 A
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Table 7 Nitrogen utilization efficiency of early rice under different treatments in 2022 %
A RIESre LR ORI % RNCAL 2RI RALAFF R AERBHAREL
NO 69.10A
CK 63.13A 24.20A 37.48B 69.17A
N1 T1 49.11ab 21.6% 43.49 64.24a
T2 42.20b 17.42b 40.21b 59.15b
T3 53.02ab 21.27a 40.08b 66.11a
T4 61.44a 23.27a 38.46¢ 67.75a
WE 51.44C 20.91B 40.54A 64.31B
N2 T1 65.57a 20.92a 34.11 66.89a
T2 48.54b 14.59b 30.13 57.91b
T3 69.18a 21.38a 32.82 67.33a
T4 70.65a 21.86a 31.34 66.26a
IE 63.49AB 22.03B 31.67C 64.60B
N3 T1 59.18a 19.09a 29.28b 62.74
T2 41.57b 13.20b 33.06a 61.43
T3 66.80a 18.77a 29.14b 63.94
T4 63.81a 19.65a 29.29b 63.12
B 57.84BC 19.33C 30.17C 62.81C
Ji 253 hr N * *
T *k ok ok ok
NxT
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