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Abstract: To clarify how sowing method and nitrogen(N) rate regulate dry matter(DM) and nitrogen
accumulation, remobilization, and their vertical distribution within a wheat canopy, a split-plot field
experiment was conducted in Zhaoxian Experimental Base of Shijiazhuang Academy of Agriculture and
Forestry Sciences from 2022 to 2024. A winter wheat cultivar Lunxuan 103 was used as the test mate-
rial. Two planting methods of uniform tridimensional sowing and conventional strip sowing were set
up in the main plot, and four nitrogen application rates of 0, 180, 240 and 300 kg * hm ? were set up
in the subplot. At anthesis and maturity, aboveground organs were sampled by canopy layers at 20
cm intervals from top to bottom(H1—H4) to quantify DM and N accumulation, pre-anthesis remobi-
lization amount and efficiency, and their contributions to grain. The results indicate that compared
with conventional row planting. tridimensional uniform sowing significantly increased plant dry
weight at anthesis, pre-anthesis DM and nitrogen transport, transport efficiency, and contribution to
grain yield, while post-flowering DM, nitrogen accumulation, and contribution to grain yield were
somewhat reduced. The allocation ratio of DM and nitrogen to stem and leaf sheath and leaves in-
creased at anthesis, whereas the allocation ratio to spike rachis and glume decreased at maturity.
Compared with conventional strip sowing, under uniform tridimensional sowing, the pre-flowering
DM and nitrogen transport in stem and leaf sheath of layers H1 to H4 increased by 14. 84% and 21. 97%,
24.19% and 16.89%, 16.85% and 28.27%, 11.31% and 24. 27% , respectively; for leaves, pre-flowering
DM and nitrogen transport increased by 33.65% and 17.63%, 16.17% and 10.63%, 28.16% and 8. 20% ,
and 23.81% and 22.57% , respectively. The increase in pre-flowering DM and nitrogen transport effi-
ciency of stem and leaf sheath in different vertical layers under tridimensional uniform sowing com-
pared to conventional strip sowing followed the order H2>>H4>H1>H3 and H3>>H2>H1>H4,
respectively; for leaves, the increase in pre-flowering DM ranked as H3>H1>H4>H2. As nitrogen
application increased, grain weight, dry matter transport, and dry matter and nitrogen transport effi-
ciency in both planting methods first increased and then decreased., with the maximum observed under
the 240 kg « hm ™ ? nitrogen application; post-flowering DM accumulation, grain nitrogen accumula-
tion, and nitrogen transport generally showed an upward trend. In summary, uniform tridimensional
sowing mainly promotes increases in grain dry weight and nitrogen accumulation by enhancing the re-
distribution capacity of dry matter and nitrogen in the middle and upper layers(stem and leaf sheath of
H2 and H3) and the middle and lower layers(leaves of H3 and H4). Under the conditions of this ex-
periment, 240 kg « hm

? was the optimal nitrogen application rate.

Keywords: Wheat; Tridimensional uniform sowing; Nitrogen application rate; Dry matter; Nitrogen
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Fig.1 Average temperature and precipitation of the experimental site during 2022 —2024
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From top to bottom are H1, H2, H3, and H4, respective-
ly, where the height of H1, H2, and H3 layers is 20 cm, and the
actual height of H4 layer is determined by subtracting the height
of HI, H2, and H3 from the average plant height of sampling
points.
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Fig. 2 Field layered schematic diagram of wheat
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Table 1 Effect of different treatments on dry matter accumulation and translocation of winter wheat
TEAEM T R TR
N Drt/fu\ ?Ea%er <|_I;?y)ﬂirrqu/lt\erﬁ FERL =
Vel crumen  "ccuminton scoumulation of Grainyield) 'Ly PreDTENS b8 g tmey DRI
flowering period/ organs/
(kg » hm™?) (kg « hm™?)

20222023  BINO 9 518.55¢ 7 052. 64g 7 359.40f 2 465.91e 25.91bc 33.51f 4 893.49¢ 66.49b
BIN1 13 237. 94e 9 713.61e 9 078.40d 3 524.33c 26.62b 38. 84d 5 554.07a 61.16d

BIN2 15 478. 33c 11 180. 44c 9 856.36a 4 297.89%a 27.77a 43.61b 5 558.47a 56. 391

BIN3 16 075.51a 11 661. 23b 9 623.44b 4 414.28a 27. 46a 45. 88a 5 209. 16b 54.12g

B2NO 8 712.70h 6 617.62h 6 958.73g 2 095.08f 24.05d 30. 12¢g 4 863.65¢ 69. 88a

B2N1 12 581. 00f 9 493. 841 8 460.13e 3 087.16d 24.53d 36.51e 5 372.97b 63.49¢

B2N2 14 444.59d 10 616. 68d 9 348.37¢ 3 827.91b 26.50b 40. 95¢ 5 520. 46a 59. 05e

B2N3 15 884. 19b 11 893.12a 9 296.20c 3 991.07b 25.13cd 42.95b 5 305.13b 57.05f

2023—2024  BINO 8 248.00f 6 253. 541 7397.70d 1 994. 46f 24.18e 26.97e 5 403. 24c 73.03a
BIN1 12 202.52d 8 680. 78e 9 132.86bc 3 521.74d 28. 86a 38.57¢ 5611.12b 61. 43¢

BIN2 15 689. 75b 11 134.11b 9533.09a 4 555.64a 29. 04a 47.81a 4977.45d 52. 19

BIN3 15 894. 82a 11 514. 60a 9 481.12a 4 380.21b 27. 56¢ 46. 21a 5 100.91¢ 53. 79

B2NO 7 681.89g 5 785.36g 7 152.61d 1 896.54f 24.69e 26.51e 5 256.07c¢ 73.49a

B2N1 11 600. 42¢ 8 609. 48e 8 959.08c 2 990.94e 25.78d 33.40d 5 968. 14a 66. 60b

B2N2 14 303. 08¢ 10 329.03d 9 222.75b 3 974.05¢ 27.78bc 43.09b 5 248.70c 56.91d

B2N3 14 428.60c 10 863. 38¢ 9 154.05b 3 565.21d 24.71e 38.95¢ 5 588. 84b 61.05¢

[i5) 51 B ()5 A ] 7 B4 3 ] — 4 453 A [] b B JA] 25 53 .35 (P <<0. 05) . Pre-DT.Pre-DTE H1 Pre-DCR 43 J48 46 B &5 35 28 B T W [ %

ig 8 AR KRR B BT 3 . Post-DA Il Post-DCR 43 Il 6 46 J5 T4 5t B 8 ik 2 JHL X A 7™ b A9 BTk 26

NI

Different letters after the values within same column indicate significant differences among different treatments in the same year( P <<

0.05). Pre-DT, Pre-DTE and Pre-DCR refer to the pre-anthesis dry matter translocation amount, translocation efficiency and its contri-

bution rate to grain yield from vegetative organs, respectively. Post-DA and Post-DCR refer to the post-anthesis dry matter accumulation

amount and its contribution rate to grain yield, respectively. The same in table 2.
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Table 2 Effect of different treatments on nitrogen accumulation, transport, and contribution rate to grain N in wheat

FEBL R AR

g e PeNU oo pescrs (SN e
(kg « hm™?)

2022—2023 B1INO 150. 75f 68. 691 76. 65a 45. 62e 82.06a 54. 38b
BIN1 212. 34d 138. 92d 76.13a 65. 43¢ 73.43c 34.57d
BIN2 253. 22a 188. 80a 70. 44b 74.68a 64. 421 25. 321
BIN3 242.07b 169. 88b 67.71c 70. 20b 72.19d 29. 80e
B2NO 139.41¢g 57.72¢g 67.30d 41,411 81.69a 58.59%a
B2N1 191. 16e 114. 14e 68.41c 59.70d 77.02b 40. 30c
B2N2 225.19¢ 157. 00c 68.87¢ 69.72b 68. 19¢ 30. 28e
B2N3 229. 85¢ 158.67¢ 66. 02a 69.03b 71.18d 30.97de

2023-—2024 B1INO 155. 871 55. 80f 71.21c 35.81f 100. 07a 64.19b
BIN1 213.08d 118.91d 72.43b 55. 80d 94. 18a 44, 20d
BIN2 248. 50a 195. 32a 74.18a 78. 60a 53.18d 21.40g
BIN3 255. 54a 191. 07a 69. 63de 74.77b 64.47c 25.23f
B2NO 147. 88¢g A47.72g 70. 31cd 32.31g 100. 16a 67.69a
B2N1 200. 67e 105. 09e 69. 59de 52. 3% 95.58a 47.61c
B2N2 226.97¢ 162.52¢ 68.92e 71.60c¢ 64.45¢ 28.40e
B2N3 240. 56b 168. 90b 66. 871 70. 24c¢ 71.67b 29.76e

Pre-NT . Pre-NTE #1 Pre-NCR 435l 1 fE 1T 2 Fr 4% B R R 5518 it 38 WOR X FFRL A R B9 TTEk . Post-NA Hl Post-NCR 4331
BRI RA R R LH AR R R STk R
Pre-NT, Pre-NTE and Pre-NCR refer to the pre-anthesis nitrogen translocation amount, translocation efficiency and its contribution

rate to grain nitrogen from vegetative organs, respectively. Post-NA and Post-NCR refer to the post-anthesis nitrogen accumulation a-

mount and its contribution rate to grain nitrogen, respectively.
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figure 4—figure 9.
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Different letters above the bars indicate significant differences among different treatments in the same year(P <20, 05).
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Fig.3 The proportion of DM and N in different plant organs to total DM and total N of the whole
plant under different treatments at anthesis and maturity stages
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