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Abstract: High yield and lodging resistance are two goals in rapeseed production that are hard to reconcile, which restrict se-
verely the further improvement of economic performance. This contradiction is particularly prominent in the high-density and
mechanize farming mode. Due to maternal inheritance, there are obvious differences in yield and lodging resistance related traits
among reciprocal hybrids, but the effects of planting density on these key traits are not clear. Here, Huahang 901 and Zheyou 50,
which are conventional rapeseed varieties and their reciprocal hybrids, were planted with gradient density. The yield and lodging
related traits were measured and the heterosis of each trait was calculated. In order to provide the basis for the selection of parents
under the high-density and direct seeding farming mode, the effects of planting density on yield and lodging related traits of
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parents and reciprocal hybrids were investigated. The results showed that the actual yield and economic coefficient of two parents
and their reciprocal hybrids were first increased and then decreased with the increase of the planting density. Interesting, the dy-
namic change pattern and the values of both traits of reciprocal hybrids under gradient density were well consistent with those of
paternal parent. The variation of lodging index with increased density at two sites was different, but the values and the dynamic
change patterns of reciprocal hybrids were consistent with that of the maternal parent. In 2017 in Xining, the actual yield of recip-
rocal hybrids had obvious heterosis and Huahang 901xZheyou 50 showed higher heterosis than that of Zheyou 50xHuahang 901.
Meanwhile, the Huahang 901xZheyou 50 had greater heterosis of lodging resistances, but there was no such heterosis in Zheyou
50xHuahang 901. In conclusion, to obtain hybrids rapeseed varieties with high yield lodging resistance and dense planting under
the high-density and direct seeding farming mode, it was better to select those varieties with high-yield as paternal parents and
those varieties with strong lodging resistance as maternal parents.
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Table S1 Effects of planting densities on yield and yield components in rapeseed

) Number of Number of . . Biological Economic
Year . . . 1000-seed Yield per  Actual yield . .
. Variety Density siliques per  seeds per . = yield coefficient
(site) . weight (g) plant (g) (kg hm™) 5
plant silique (kg hm™) (%)
2017 50 D1 315.6 ab 20.6 a 3.47 hij 22.56a  2590.5] 10384.4 fg 24.97 jkl
2017 Wuhan  Zheyou 50 D2 228.5 efg 19.0b 3.60 bede 15.63e 2829.5d 11064.8¢ 25.62 hij
D3 192.6 ghij 18.8b 3.63 ab 13.14g 3082.7b 115973 ¢ 26.62 efg
D4 187.4 hij 18.1¢ 3.62 abc 11.28 h  2651.9 ghij 10054.4 h 26.43 fg
D5 179.3 hij 17.4 de 3.68a 10.481 2618.1hij 10314.7 g 25.41 ijk
901 D1 292.0 abc 16.6 £ 3.61 bed 17.50d  2418.21 9288.5 m 26.09 ghi
Huahang 901 D2 283.6 bed 14.6 hi 3.61 bed 1492 f  2649.8 ghij 9704.5k 27.33 bed
D3 203.6 ghi 13.8 jk 3.54 efg 9.95jk 27179efg 97256k 28.00 ab
D4 198.9 ghij 13.5kl 3.56 cdef 9.56kl 2642.4hij 997431 26.52 fg
D5 186.9 hij 13.11 3.55 def 8.69m 2509.8k 9611.21 26.17 gh
901 D1 326.5a 17.8 cd 3.48 ghij 20.22b  2684.7 fgh 9933.11 27.06 def
x 50 D2 311.0 ab 16.9 ef 3.51 fghi 18.45¢ 2862.3d 10449.1 f 27.45 abed
Huahang 901x D3 254.5 cde 14.41j 3.48 ghij 12.75g 31823a 11336.5d 28.11a
Zheyou 50 D4 216.1 efgh 14.3 ij 3.52 fgh 10.88 hi 2736.2ef  9849.7 27.84 abc
D5 206.8 fghi 13.4 kl 3.46 hij 9.59kl  2601.51j 9542.8 1 27.29 cde
50x% Dl 246.1 de 16.6 f 342j 16.97d 240531 10075.0 h 23.90 n
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()

o - - I\‘h‘lmber of Number of 1000-seed Yield per  Actual yield Biolhogical Econor‘nic
(site) Variety Density siliques per sec?(?s per weight (g) plant (g) (kg hm) yleldi2 coefficient
plant silique (kg hm™) (%)
901 D2 244.6 ef 154¢ 3.451j 13.00g  2663.1 ghi 10993.1¢ 24.26 mn
Zheyou 50% D3 187.3 hij 153 ¢ 3.51 fghi 10.06 jk  2961.2c¢  12150.1b 24.42 Imn
Huahang 901 D4 171.44j 15.2 gh 3.54 efg 9.221Im 30552b 12342.0a 24.79 klm
D5 164.2j 15.2 gh 3.52 fgh 7.79n  27545e 11266.8 d 24.50 Imn
2017 50 D1 2412 ¢ 239c¢ 3.88 abc 22.39¢ 31294 12767.8 n 24.54 m
2017 Xining ~ Zheyou 50 D2 162.6 g 21.8 de 3.72 ef 13.20e  3884.0f 146893 ¢ 26.48 hijk
D3 126.8 ij 21.7 de 3.56¢ 9.79h  4138.6cd 154458 ¢ 26.82 ghij
D4 100.9 m 19.5 gh 3.86 abc 7.59jk 3886.1f  14351.0fg 27.14 fghi
D5 93.7n 19.6 gh 3.91 abc 7.181 38529 f  14978.6d 25.75kl
901 D1 225.8d 264 a 3.81 cde 22.72¢ 335271 12218.50 27.50 efg
Huahang 901 D2 161.6 g 20.3 fg 3.84 bed 1261 f 36863g 12872.5m 28.67 cd
D3 128.8 ij 19.0 hi 3.94 ab 9.65h 3878.6f  13063.01 29.75 ab
D4 95.9 mn 19.3 hi 3.96a 734kl 3963.1ef 13707.7k 28.95 bed
D5 76.3 0 18.6 i 3.95ab 5.61n 3567.7gh 12720.1n 28.11 de
901 D1 306.6 a 25.1b 3.68 fg 28.28a  3870.6f  14209.0 h 27.25 efgh
x 50 D2 181.1f 22.1d 3.68f 14.70d  4072.4de 14701.0¢ 27.77 ef
Huahang 901x D3 150.4 h 17.1 jk 3.87 abc 9.93h 45737 a 15004.7 d 30.52 a
Zheyou 50 D4 123.6 16.6 k 3.86 abc 7.90j 4198.8 cd 14264.2 gh 29.50 be
D5 107.01 21.1 ef 3.94 ab 8.88 1 41133 cd 139445 29.54 be
50x% D1 295.0b 21.3 de 3.72 ef 2338b  3554.7h 143652 f 24.81 m
901 D2 193.0¢ 18.51 3.64 fg 1298 ¢  3644.0gh 14049.11i 25.97 jkl
Zheyou 50% D3 153.8h 17.1 jk 3.93 ab 10.33 g 4208.0c¢ 16039.6 b 26.29 ijk
Huahang 901 D4 132.0i 17.5] 397a 9.201 4422.8b  16470.1a 26.89 fghi
D5 117.0k 15.01 3.74 def 6.58m 3621.3gh 143712 f 25.26 Im
Variance analyses
( )Year& Slte (YS) %k sk %k sk sk sk sk
Variety (V) sk %k * %k sk sk sk sk
Density (D) sk %k * %k sk ok kK sk
YSxV *ok sk ok sk *k #k *ok
YSxD $ok sk ok sk *k *k *ok
VxD NS koK * %k sk sk kK sk
YSxVxD * % *% %ok *% * % ok *
DI D2 D3 D4 D5 1.5x10° 3.0x10° 4.5x10° 6.0x10° 7.5x10° hm”
(P<0.05) * ** 0.05 0.01 NS

D1, D2, D3, D4, and D5 indicate the planting densities of 1.5x10°, 3.0x10°, 4.5x10°, 6.0x10°, and 7.5x10° plants hm™2, respectively. Values
followed by different lowercase letters are significantly different in the same year and the same variety among different treatments at the 0.05

probability level; * and ** indicate significant difference at the 0.05 and 0.01 probability levels; NS: not significant difference.
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Table S2 Effects of planting densities on main agronomic traits of rapeseed at maturity (2017, Wuhan)

Variety Density Plant height Primary branch Branch Root crown Shoot fresh Root fresh Stem breaking
(cm) height (cm) number  diameter (mm) weight (g) weight (g) resistance (N)
50 D1 212.6a 88.3 gh 79¢ 20.47b 32892 a 42.30 a 140.78 a
Zheyou 50 D2 202.0 c 94.6 abc 6.2h 1637 g 200.80 f 2398 ¢g 108.65 ¢
D3 193.1e 95.1 ab 6.11 1522 h 173.52h 20.311 98.64 cd
D4 188.3 f 96.0 a 5.6k 14.851ij 157.29 1 19.08 j 92.02 de
D5 180.8 ij 86.8 hij 541 14.72j 142.82 k 18.56j 78.18 fg
901 D1 2009 ¢ 87.7 ghi 8.0b 18.38 d 231.58 ¢ 30.66 d 95.80 cde
Huahang D2 186.4 fg 89.9 fg 6.5f 17.94 ¢ 176.17 h 28.38 ¢ 83.44 ef
901 D3 181.0 hij 90.8 ef 63¢g 1521h 146.77 j 17.06 k 61.94 hi
D4 180.3 ij 92.3 cde 6.11 1445k 129.48 1 16.28 1 56.74 hij
D5 172.6 k 83.1kl 58] 13.87 m 116.39 n 14.81 m 49.40 ij
901 Dl 196.8 d 83.0 kI 8.la 21.05a 263.66 b 40.51b 134.12 ab
x 50 D2 189.0 f 84.5 jk 7.7d 20.65b 241.60 c 37.74 ¢ 122.09b
Huahang 901 D3 179.8 ij 85.51j 6.6¢ 16.84 f 141.65 k 2691 f 65.41 gh
xZheyou 50 D4 179.1j 85.8 ij 63¢g 14.96 ij 130.50 1 21.22h 56.91 hij
D5 167.91 81.01 52n 14.47 k 119.43 mn 21.08 h 47.83]
50% D1 208.5b 93.3 bed 6.5f 18.93 ¢ 235.16 d 40.20 b 103.34 cd
901 D2 199.7 cd 94.1 abc 5.8j 1785 194.07 g 2771 e 94.33 de
Zheyou 50% D3 184.3 gh 92.6 cde 53 m 15.03 hi 156.82 1 20.09 i 84.87 ef
Huahang 901 D4 182.5 hi 91.3 def S5.1o 14.33 k 130.48 1 17.77 k 63.30 h
D5 173.1k 81.31 4.6p 14.111 12191 m 15921 59.04 hij
Variance analyses
Variety (V) ok wk *% 3k *% o %
Density (D) ok wk *% 3k % o %
VxD k3 k3 koK koK k3 kK kk
DI D2 D3 D4 DS 1.5x10° 3.0x10° 4.5x10° 6.0x10° 7.5x10°  hm”
(P<0.05) * =** 0.05  0.01 NS

D1, D2, D3, D4, and D5 indicate the planting densities of 1.5x10°, 3.0x10°, 4.5x10°, 6.0x10°, and 7.5x10° plants hm ™, respectively. Values
within a column followed by different lowercase letters are significantly different in the same variety among different treatments at the 0.05
probability level; * and ** indicate significant difference at the 0.05 and 0.01 probability levels; NS: not significant difference.

Mgk 3 MEZEINMRABPEIERZHEROFZIWE017 F, BT)

Table S3  Effects of planting densities on main agronomic traits of rapeseed at maturity (2017, Xining)

Variety Density Plant height Prim‘ary branch Branch  Root crown di- Sho.ot fresh RO?t fresh Ste.m breaking
(cm) height (cm) number ameter (mm) weight (g) weight (g) resistance (N)
50 D1 174.4 a 73.1g 59e 17.38 ¢ 292.65 ¢ 31.21b 130.01 b
Zheyou 50 D2 168.1 b 77.8 cd 521 1341 f 197.37 ¢ 14.51h 69.91 de
D3 157.8 de 893 a 4.7k 12.42 k 129.09 i 13.06 i 55.57 ef
D4 143.5 hi 799 b 4.1m 10.150 91.74 k 7.40 m 33.31h
D5 132.7k 742 f 4.00 9.11r 80.72'1 6.65n 2421 h
901 D1 126.01 26.1p 7.0c 17.44 c 190.02 f 24.12d 73.22d
Huahang D2 116.2 m 31.70 6.0d 1299 h 121.17 1526 ¢ 62.01 def
901 D3 113.5m 349n 55¢g 12.80 1 118.13; 15.17 gh 48.22 fg
D4 106.3 n 44.01 4.1n 9.86 p 61.55m 8.99 k 34.43 gh

D5 103.4n 40.7 m 4.0 no 9.39q 60.03 mn 7.24 mn 25.30h
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Variety Density Plant height Prim‘ary branch  Branch  Root crown di- Sho‘ot fresh Ro?t fresh Ste‘m breaking
(cm) height (cm) number ameter (mm) weight (g) weight (g) resistance (N)
901 Dl 158.8 de 58.7j 7.5b 23.11a 337.99b 3353 a 12540 b
x 50 D2 1494 f 63.51 5.8f 14.93d 179.60 g 18.73 f 67.68 de
Huahang 901 D3 141.8 1 67.6 h 5.0j 13.18 g 128.38 1 12.57 i 48.46 fg
xZheyou 50 D4 136.5] 67.6 h 451 11.871 78.401 9.70j 31.86 h
D5 135.6 jk 78.0 ¢ 451 10.53 n 77.111 9.04 jk 20.69 h
50x Dl 163.0 ¢ 56.0 k 7.6 a 17.64 b 34422 a 26.15¢ 158.41 a
901 D2 160.8 cd 735¢ 59e¢ 14.45¢ 225.05d 19.98 ¢ 92.68 ¢
Zheyou 50x D3 156.8 ¢ 77.2 de 54h 12.61j 146.89 h 12.66 i 57.56 ef
Huahang 901 D4 148.6 fg 76.8 ¢ 3.6p 11.16 m 81.251 8.191 31.64 h
D5 145.6 gh 734 ¢ 32¢q 8.34s 56.11 n 4290 19.84 h
Variance analyses
Density (D) ok ok ok *k ok ok *k
VXD dosk dosk ks sk Hk ks sk
DI D2 D3 D4 D5 1.5x10° 3.0x10° 4.5x10° 6.0x10° 7.5x10° hm™
(P<0.05) * ** 0.05  0.01 NS

D1, D2, D3, D4 and D5 indicate the planting densities of 1.5x10°, 3.0x10°, 4.5x10°, 6.0x10°, and 7.5x10° plants hm™, respectively. Values
within a column followed by different lowercase letters are significantly different in the same variety among different treatments at the 0.05
probability level; * and ** indicate significant difference at the 0.05 and 0.01 probability levels; NS: not significant difference.

Bise 4  FhiE % B XM R ZEF A B ER AL A 15 B 0T
Table S4 Effects of planting densities on lodging index at different parts of rapeseed stem

C) 1 2 3 4 4
Year (site) Variety Density Part onj Part twg Part thrie Part fo?lr Average of f()jll‘
(cmgg ) (cmgg) (cmgg ) (cmgg ) parts (cmg g )
2017 50 DI 2.8l ¢ 3.20b 3.46b 3.23d 3.17b
2017 Wuhan  Zheyou 50 D2 231h 249 f 2.69h 293 g 261 g
D3 2.29 hi 2.32h 2.42] 2.51 ij 239
D4 1.79 k 2,191 238 2.121 2121
D5 1.611 1.96 k 2.19k 2.17 kl 1.98 n
901 DI 3.07a 329a 371a 3.84a 3.48a
Huahang 901 D2 2.88b 3.02¢ 321 cd 343 ¢ 3.14b
D3 2.82¢ 2.80d 3.07 ¢ 3.02 2.93d
D4 259 2.66 ¢ 3.20d 3.00 f 2.86¢
D5 238g 2.45 fg 298 f 2.52 ij 2.58 gh
901 DI 2.70d 298¢ 3.19d 34lc 3.07 ¢
x 50 D2 2.45f 2.69 ¢ 283 g 3.10¢ 277 f
Huahang 901 D3 238¢g 242¢ 2.63h 2.85h 2.57 gh
xZheyou 50 D4 2.35 gh 2.45 fg 2.82¢g 2,551 2.54 hi
D5 212 2241 2501 2.47j 233k
50% DI 2.69d 3.02¢ 327¢ 3.60 b 3.15b
901 D2 2241 233 h 2521 2.97 fg 2,511
Zheyou 50 D3 1.83 k 1.96 k 2.19k 2.46j 2111

Huahang 901 D4 1.78 k 2.05] 217k 221k 2.05m
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(E1GEZ))
) 1 2 3 4 4
Year (site) Variety Density Part onj Part th) Part thrie Part fotj.lr Average of fo}IJr
(cmgg) (cmgg) (cmgg) (cmgg) parts (cm g g )
D5 1.51m 1.74 1 1.931 220k 1.84 0
2017 50 D1 2.86¢ 323¢ 271 f 236 f 2.79 e
2017 Xining - Zheyou 50 D2 2151 3.10 ef 2.59¢ 2.28h 253 ¢g
D3 2.56¢g 2.79 h 2.45h 1.841 2411
D4 283 ¢ 3.04 fg 3.02d 2.28 gh 2.79 ¢
D5 3420 3.86a 342a 247 e 329a
901 D1 1.77k 2.12k 2.83¢ 330a 250¢g
Huahang 901 D2 1.621 1.81 m 1.86j 2.05j 1.83m
D3 1.39m 1.74 n 1.85] 1.96 k 1.73 n
D4 1.43 m 1.67n 1.75k 1.40 m 1.56 0
D5 1.95 228 2111 2.13 i 2.12k
901 D1 262¢g 302¢g 263 ¢g 2.34 fg 2.65f
x 50 D2 240 h 2421 2.101 1.96 k 2.22j
Huahang 901 D3 2181 2.17k 1.91j 1.811 2.021
xZheyou 50 D4 1.91] 1.961 1.531 1.42m 1.71n
D5 2.70 £ 2.82h 2.46 h 1.79 1 2.44 h
50x D1 3.01d 3.15 de 324c¢ 2.86b 3.06b
901 D2 272 303¢g 3.03d 2.86b 291d
Zheyou 50x D3 2.88¢ 321cd 3.02d 2.72¢ 296 ¢
Huahang 901 D4 320c¢ 326¢ 325¢ 243 ¢ 3.04b
D5 3.66a 3.49b 335b 2.58d 327a
Variance analyses
() Year & Site (YS) ok * o ok -
Variety (V) ok ok ok o o
Density (D) *x *% ok ok *x
YSXV *x *% ok o *x
YSXD ek sk * * % ok
VxD * *% * * *
YSxVxD *% * * > *
DI D2 D3 D4 D5 1.5x10° 3.0x10° 4.5x10° 6.0x10° 7.5x10°  hm™” 1 2 3
4 4 1 2 3 4
(P<0.05) * ** 0.05  0.01 NS

D1, D2, D3, D4 and D5 indicate the planting densities of 1.5x10°, 3.0x10°, 4.5x10°, 6.0x10°, and 7.5x10° plants hm >, respectively; Part One,
Part Two, Part Three, and Part Four indicate the first, second, third and fourth part from bottom to the top when averaged the main stem.
Values followed by different lowercase letters are significantly different in the same year and the same variety among different treatments at
the 0.05 probability level; * and ** indicate significant difference at the 0.05 and 0.01 probability levels; NS: not significant difference.
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Table S5 Effects of planting densities on lodging heterosis index of reciprocal combinations
() Lodging index (%)
. . . Plant height Shoot fresh 1 2 3 4
Year (site) Variety Density 0 . o
(%) weight (%) Part one Part two  Part three  Part four  Average
2017 901 DI 95.19 f 94.08 d 91.76 b 91.84d 88.90 ¢ 96.44cd  92.24d
2017 Wuhan x 50 D2 97.32 cde 12820 a 9438b  97.66bc  95.94b 97.54 ¢ 96.44 be
Huahang 901 D3 96.12 ef 88.44 f 93.15b  94.67cd  9598b  103.13ab  96.84b
xZheyou 50
D4 97.20 de 91.00 e 107.24a  101.25ab 101.04a 99.77bc  102.12 a
D5 95.03 f 92.15 de 106.48a 101.57a 96.56b 105.41a 102.20a
AVG 96.17 98.77 98.60 97.40 95.69 100.46 97.97
50% DI 100.86 b 8391 ¢g 91.43b 93.26 d 9124¢c 101.82b 94.58 ¢
901 D2 102.82 a 102.97 b 86.24 ¢ 84.69 ¢ 85.22d 93.39d 87.58 ¢
Zheyou 50x D3 98.53 cd 97.92 ¢ 71.66f  76.77f  79.96e  8885e  79.50g
Huahang 901
D4 99.03 ¢ 91.02 ¢ 81.42d 84.41 ¢ 7791 ¢ 86.20 ¢ 82.38 f
D5 97.98 cd 94.07 d 75.46 ¢ 79.09 £ 74.77 £ 93.70 d 80.81 fg
AVG 99.84 93.98 81.24 83.64 81.82 92.79 84.97
2017 901 D1 105.74 ef 140.05 a 113.01e  112.93d 9491 ¢ 8270 g 100.14 f
2017 Xining x 50 D2 105.13 £ 112.76 ¢ 127.33 d 98.41 ¢ 94.59 ¢ 90.71f 101.76 f
Huahang 501 D3 104.55 103.91 ¢ 11025¢  960le  89.06f  9517¢  9741g
xZheyou 50 )
D4 109.30 d 102.38 ¢ 89.68 g 8336 g 64.42 ¢ 7739 h 78.44 i
D5 114.91 ¢ 109.62 cd 100.62 f 91.86 f 88.70 f 78.03 h 90.29 h
AVG 107.93 113.75 108.18 96.51 86.34 84.80 93.61
50% D1 108.52 de 142.63 a 130.16d  117.86¢  116.90d 100.89d 115.75¢
901 D2 113.16 ¢ 14132 a 14454b  12331b  136.30b  13232b 13343 ¢
Zheyou 50x D3 115.59 ¢ 118.84 b 146.17ab 141.80a 140.66a 143.17a 142.85a
Huahang 901
D4 118.97b 106.03 de 150.48a 138.49a  136.59b  132.07b  139.54b
D5 12335a 79.73 £ 136.22¢  113.59d  121.00c  11233¢  120.82d
AVG 115.92 117.71 141.52 127.01 130.29 124.16 130.48
DI D2 D3 D4 D5 1.5x10° 3.0x10° 4.5x10° 6.0x10° 7.5x10°  hm™ 1 2 3
4 1 2 3 4

(P <0.05)

D1, D2, D3, D4, and DS indicate the planting densities of 1.5%10%,3.0x10°, 4.5x10°, 6.0x10°, and 7.5x10° plants hm™, respectively; Part one,

Part two, Part three and Part four indicate the first, second, third, and fourth part from bottom to the top when averaged the main stem. Values

followed by different lowercase letters are significantly different in the same year and the same variety among different treatments at the 0.05

probability level.



