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Identification of Excellent Soybean Germplasm Tolerant to Dense Planting under
High and Low Density Conditions

ZHANG Yong', HU Kaifeng”, WANG Lei', SUN Xuhong', LI Mingxue', YANG Xingyong', WU Lili’, SONG Jiling',
DING Kaixin'

(1. Keshan Branch, Heilongjiang Academy of Agricultural Sciences, Qiqihar 161000, China; 2. Institute of Crop Resources, Heilongjiang Academy of
Agricultural Sciences, Harbin 150086, China; 3. Aihui District Breeding Farm Co. , Lid. , Heihe City, Heilongjiang Province, Heihe 164300, China)

Abstract: In order to screen soybean germplasm tolerant to dense planting, this study selected 160 soybean germplasm
resources as research objects, and set two treatments of high-density 450 000 plants-ha ™" and low-density 250 000 plants+ha ™'
to investigate the lodging level and other related traits of dense planting tolerance in R6 and RS stages. After identification
from 2018 to 2020, stem strength, plant height, number of main stem nodes, internode length, and bottom pod height were
screened out as identification indicators for soybean lodging. Fourteen germplasm resources tolerant to dense planting were
identified, including Fiskebyl10404-2, NO7, N32, Heihe 21, Heihe 41, Sakamoto Early Growth, Hejiao N13-333, Hejiao
N13-498, Jinyuan 71, Hefeng 42, Fengshou 24, Ke09-95 (brown seed coat) , Ke09-95 (yellow seed coat) and Kel4-758.

Keywords : soybeans; tolerant to dense planting; germplasm resources; analysis of variance; lodging
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Table 1 Test materials

P il BT 24 B s BT 24 B s BT 24 B Eiae) il sT 24 FR
Number Germplasm name Number Germplasm name Number Germplasm name Number Germplasm name
1 1371 41 A4 5 81 H25 121 A 51
2 1428 42 L STINIRSS 82 SR 34 122 A58 N13-333
3 1474 43 B3 5 83 il 35 123 A58 N13-498
4 w15 44 w15 84 B 37 124 Gk 60
5 16YJ051-2 45 SR ol [l 85 i 38 125 H4R 76
6 HLTI 46 TR AR BN T 86 126 HA91
7 HLT3 47 INAR 87 127 SR 33
8 HLT4 48 BT 88 128 i 44
9 HLTS 49 ks 89 129 BT 45
10 Kariyutaka 50 45 90 130 22 48
11 Lsl5 51 HAF255 91 51 131 JET 49
12 Maple arrow 52 GFE26 5 92 t+95 132 R 53
13 Dunn 53 26 93 g4 5 133 P56
14 Hobbit 54 w7 94 B 13 134 BRT77
15 AsgrowA1939 55 B9 5 95 BRF 16 135 A48
16 A At 56 AR 37 96 BE17 136 A 51
17 Sprite87 57 B 39 97 RE2 137 Bk 6l
18 A2396 58 A 101 98 4350 138 )
19 Proto 59 435 99 &HF52 139 HHE 2
20 Conrad 60 B 10 5 100 FSESRS 140 HEE 3
21 Holt 61 L 15 101 4k 26 141 HH 109
22 T309 62 i 443020 102 R 28 142 HH 204
23 Hobbit87 63 A3F40 103 o 47 143 %G 6%
24 Flint 64 HF 41 104 AR 50 144 45 55
25 Glacier 65 FEEY) 105 FH 14 145 SR 71
26 TBD 66 G 47 106 WARRE 146 520995 (kifh iz )
27 1842157 67 ) 18 107 R4 56 147 720995 (EEAN Kz )
28 188-8153 68 SR 21 108 Filic 24 148 7T 14758
29 Jim 69 B 24 109 M 11-3646 149 Wi c14-732
30 Fiskeby10404-2 70 B 26 110 M 114142 150 3028 09-343
31 Titan 71 B 27 111 M 114519 151 BE 40
32 KPS292 ( AGS292) 72 ] 30 112 M 124547 152 BF20
33 NO7 73 ] 31 113 I 124891 153 BES
34 N32 74 el 5 114 M 13-1613 154 MR 2 5
35 CIT1271 75 B8 115 M 13-2089 155 G4 14
36 G. max46 76 4% 20 116 M 13-2185 156 A 52
37 Suzuhime 77 K15 117 M 132413 157 TR 2 5
38 MN0201 78 HH 47 118 M 132958 158 ZhfE 40
39 B2 5 79 HH 67 119 W 142146 159 FRET2 5
40 A 26 80 321 12 120 4425 160 F1 g 606
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Table 2 Analysis of variance between groups

it H

Ttem

A

Sum of squares

X4 [E] Inter block

R Variety

68413831.322
48945670. 925

4} Year 279304. 101
%5 JE Density 2694237.198
fA x A0 Variety x Year 2193810.728

S x B Variety x Density 6186697.335

AR x B Year x Density 0.008
AP x AR x R Variety x Year x Density 420290. 862
%2 Error 4249365. 087

SBT3t Total 1948318694. 899

” #yJ7 . B
Mean square Significance

787 86929. 900 16. 120 0. 000

218 224521.426 41.635 0. 000

1 279304. 101 51.794 0. 000

2 1347118. 599 249.809 0. 000

51 43015. 897 7.977 0. 000

340 18196. 169 3.374 0. 000

1 0.008 0.000 0.999

51 8240. 997 1.528 0.012
788 5392.595
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Table 3 Statistical analysis of main character indicators of soybeans under high and low density conditions

R AT b miEgam O SIS
N High-density planting i b4
LERN ARGy High density Low density P resistance index Comparison of
Character Year , et of average " high and low
THE BRFRH PHE ERFRE ofhighand low  PHE BRI density average
Mean CV/% Mean CV/%  density planting ~ Mean CV/% o
HEHE 2018 114.4+14.3  12.5 114.3x14.7  12.8 0.22 1.00 0.00 100. 00
Number of 2019  112.4+9.3 8.3  113.029.3 8.2 0.53 0.99 0.50 99.50
growing days 2020 110.3 £10.4 9.4  110.2£10.7 9.7 0.10 1.00 9.40 100. 10
T 112.4+11.3  10.1 112.5 £11.6  10.2 0.78 1.00 3.30 99.87
ZEFFIRIE 2018 1.7+0.8 46.9 2.1+0.8 37.8 6.49 " * 0.81 26.70 79.60
Stem strength 2019 1.820.8 42.0 2.3£0.7 32.2 6.32%* 0.78 24.90 78.40
2020 2.2£0.7 32.4 2.5%0.7 27.0 3.21%* 0.90 32.40 88. 80
I 1.9+0.8 40.4 2.3+0.7 32.3 19.31*" 0.83 28.00 82.27
R6 ARG 2018 5.7+3.2 56.0 4.2%3.0 71.7 4.41** 1.67 59.60 137.10
R6 lodging level 2019 5.3+2.4 45.8 3.2£2.0 62.8 8.73%* 1.90 38.80 167.00
2020 4.122.3 55.1 3.322.1 64.6 3.06%* 1.41 55.10 125.70
-1 5.0£2.8 52.3 3.6+2.4 66. 4 26.24" " 1.66 51.17 143.27
R8 I E R G5 2018 4.2+2.7 65.1 2.5+1.8 73.7 6.29** 1.79 48.10 165.90
R8 lodging level 2019 3.8%2.0 53.9 2.3x1.5 63.8 7.78" " 1.86 44.20 165.40
2020 3.8+2.0 51.9 2.9+1.7 59.0 4.14"* 1.47 51.90 133.40
T 3.9£2.2 57.0 2.6+1.7 65.5 24.31"* 1.71 48.07 154.90
AN 2018 1082.7 £233.7 22.5 1053.5£226.7 21.5 1.07 0.99 23.90 102. 80
Community output/g 2019 1071.1£264.7 24.7  999.8 +224.3  22.4 2.07" 1.07 11.60 107.10
2020 1112.5+198.7 17.9 1027.3+175.7 17.1 3.62° ¢ 1.09 17.90 108. 30
P4 1088.8 £232.4  21.7  1026.9 +208.9  20.3 10.14* % 1.05 17.80 106.07
[ERA::D 2018 - - - - - - - -
100-seed 2019  18.0£3.0 16.6 17.8 2.9 16.4 0.32 1.01 5.40 101.20
weight/g 2020 16.6£2.4 14.4 16.5+2.5 14.8 0.35 1.01 14.40 100. 60
K 17.3£2.7 15.5 17.2 2.7 15.6 0.35 1.01 9.90 100. 90
Mk 2018 7.4%1.6 25.0 12.22.6 21.4 18.95* 0.60 17.80 60.30
Yield per plant/g 2019 7.5+1.5 20.4 11.5+2.3 19.5 15.16* 0.67 22.10 64.70
2020 8.3+1.4 16.7 12.4£2.0 16.3 18.96 " * 0.68 16.70 66.70
Ty 7.7+1.5 20.7 12.0£2.3 19.1 49.95** 0.65 18.87 63.90
kA i 2018  16.9+2.8 16.4 28.2 4.9 17.4 24.10%* 0.61 16.70 59.90
Single plant 2019 17.9£2.8 15.6 26.2 3.9 15.1 20.56 " * 0.70 17.40 68.50
biomass/g 2020 20.1=3.1 15.7 29.0 4.7 16.2 17.81% " 0.70 15.70 69.20
FHg o 18.3£2.9 15.9 27.8 24.5 16.2 49.29 " * 0.67 16. 60 65.87
WOk 2018  44.0+11.7  26.5 43.7+8.7 19.8 0.16 1.00 18.10 100.70
Harvest 2019 41.9+7.4 17.7 44.4 £8.0 18.0 2.29" 0.95 15. 60 94.20
index/g 2020 41.3 5.1 12.3 42.9+5.4 12.5 2.50" 0.97 12.30 96.20
Ty 42.4 8.1 18.8 43.7+7.4 16.8 4.74%* 0.97 15.33 97.03
Wi 2018  114.2+19.4  19.6 88.3+22.7  23.1 12.35%* 1.30 10. 00 129.30
Plant height/cm 2019 102.3+16.0  18.3 84.8+16.7  19.7 11.37*" 1.21 7.20 120. 60
2020 93.7+15.9  19.5 76.6 £17.1  22.4 12.46* 1.23 19.50 122.30
FH o 103.4£17.1 19.1 83.2+18.8  21.7 8.50"* 1.25 12.23 124.07
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\ High-density planting H b3
PEk ey High density Low density Y ¢ 5 xistance indox Comparison of
Character Year t-test of average high and low
THE BRFRH PHE ERFRE ofhighand low  CPHE  BHRRH i
Mean CV/% Mean CV/%  density planting ~ Mean CV/% denmy;vemge/
b
0 2018  51.1+9.4 18.5 50.1+10.9 21.7 0.88 1.04 10. 60 102. 00
Center of gravity 2019  43.226.5 15.2 42.7 +8.3 19.5 0.76 1.03 9.30 101.20
height/cm 2020 39.5%6.3 16.1 37.027.2 19.5 2.99%* 1.08 16.10 106. 90
Ty 44.6£7.4 16.6 43.3 8.8 20.2 7.46** 1.05 12.00 103.37
R 1o 2018  22.8+7.8 34.1 18.1£7.5 41.4 5.427 % 1.35 26.40 126.00
Bottom pod 2019 15.4+5.8 37.5 12.8 5.8 45.3 3.70% " 1.27 23.90 120. 00
height/cm 2020 21.4=x7.1 33.1 17.7 £6.7 37.5 4.25%" 1.26 33.10 120.70
Ty 19.9+6.9 34.9 16.2 +6.7 41.4 21.34** 1.29 27.80 122.23
RelIRS) S 2018 6.7+0.8 11.9 5.9+0.8 13.8 9.02%* 1.14 7.90 113.30
Internode 2019 6.7 +0.8 12.0 5.8+0.7 11.9 10.04%* 1.15 7.20 115.20
length/cm 2020 6.4+0.8 12.8 5.3£0.7 12.9 10.93%* 1.20 12.80 119.40
-2 6.6+0.8 12.2 5.7+0.7 12.9 29.56* 1.16 9.30 115.97
FEE 2018 14.9 2.7 17.9 16.7 +3.2 19.4 5.22%*" 0.90 7.30 89.50
Number of main 2019 13.0£2.0 15.3 14.5+2.4 16.3 5.79%* 0.90 8.00 89.50
stem nodes 2020 12.8+1.8 14.0 14.4 £2.5 17.2 5.64%* 0.90 14.00 89.30
T 13.6£2.2 15.7 15.2£2.7 17.6 25.42%* 0.90 9.77 89.43
AR R 2018 0.7+0.8  214.7 1.0£1.0 118.7 5.80" " 0.28 305. 00 34.90
Effective branches 2019 0.4+0.7  184.1 0.8+0.9 112.0 4.73%* 0.30 103. 80 45.70
number 2020 0.7+0.7  103.2 1.5+0.8 52.4 8.87°* 0.65 103.20 44.90
T2y 0.6+0.7  167.3 1.120.9 94. 4 22.35"* 0.41 170. 67 41.83
HBRIERL 2018 - - - - - - - -
Number of pods 2019 21.0x4.2 20.2 31.826.2 19.4 17.53** 0.68 20. 60 65.90
per plant 2020 26.6x4.8 18. 1 38.1+5.8 15.2 17.17** 0.70 18.10 69.80
Fg o 23.8£4.5 19.2 35.0 6.0 17.3 35.08"* 0.69 19.35 67.85
IR 2018  28.6=+14.7  51.1 48.8 +20.3 41.6 7.82% " 0.36 114.90 58.50
Branch 2019 5.1+8.3  162.5 16.6 £15.1 90.8 8.17°* 0.28 142. 40 30.70
length/cm 2020 24.8+11.1  44.8 35.6+12.7 35.6 6.46"* 0.77 44.80 69.70
FHg 19.5+11.4  86.1 33.7 £16.0 56.0 15.73"* 0.47 100.70 52.97
SYRCEEAL() 2018 4.6+2.2 48.0 3.5%1.7 49.4 3.40* " 1.21 108. 50 130.70
Branching node 2019 3.9+1.6 40.5 2.9+1.4 46.3 3.92% % 1.11 57.70 131.50
position 2020 4.421.6 36. 1 3.8x1.2 32.1 3.71% ¢ 1.23 36.10 117.50
T 4.3+1.8 41.5 3.4+1.4 4.6 11.78"* 1.18 67.43 126.57

0 A IERORTE P<0.05 il P<0.01 KF FEF B,

Note ;

“and "

indicated significant different at P<<0.05 and P=<0.01 levels respectively.
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Table 4 Phenotypic characteristics of different lodging types

AR LI ER VN EREREIIVN GRS
Jun 7 Not lodging Mild lodging Moderate lodging Severe lodging
PR A4
Character — Year — opgyfly  ARFK OFHME ERFK OPHME ERFK OFHME ERRK
Mean CV/ % Mean CV/% Mean CV/% Mean CV/ %

EH B 2018  108.5 £18.9 17.4 110.5+13.6 12.3 124.7 +13.9 11.1 124.5+10.9 8.7
N“m_b‘” B 2019  102.6 9.7 9.5 112.0 9.5 8.4 117.9 8.1 6.9 118.3 +6.4 5.4
growing days/d

2020 101.6 +11.4 11.3 109.5 +10.2 9.3 110.6 £8.5 7.7 116.3 £7.6 6.6
ZEFTIR 2018 2.9+0.2 3 2.5+0.5 20.3 1.8+0.6 35.4 1.2+0.3 26.8
Stem strength 519 3.0 £0. 1 9 2.6+0.4 17.2 1.840.6 33.6 1.2+0.3 24.9

2020 3.0+0.1 2.5 2.7+0.4 14.3 2.3+0.5 21.7 1.5+0.4 26.6
INX PR 2018 1073.4 +214.3 20.0 1179.5 +212.8 18.0 1052.4 +236.4 22.5 1027.1+229.9  22.4
Plotyield’s 5419 957.54327.5  38.9  1081.5+302.4  28.0 976.4+277.2  28.4 911.1+199.2  21.9

2020 1048.9 £200.9 19.2 1089.8 +193.7 17.8 1160.8 +171.6 14.8 980.5£160.7  16.4
ARk 2018 9.5+3.2 33.1 10.1 3.3 32.6 9.3+3.4 36.8 9.9+3.3 33.9
Yl‘eld/f’ef 2019 9.7+2.8 29.2 9.8+3.0 30.4 9.0£3.0 33.5 8.5+2.6 30.1
plant/g

2020 10.0 £2.4 24.4 10.5£2.7 25.4 10.6 +2.7 26.0 10.0+2.8 28.0
HARAEY) T 2018 20.4 £5.5 27.1 21.9 £6.7 30.6 23.4£7.0 30.0 23.7 7.4 31.3
Bli"mj“ per 2019 20.6 £5.5 26.7 21.6 £5.2 23.8 22.8 5.1 22.5 22.6+5.4 23.9
plant/g

2020 21.8£5.3 24.3 24.8 £6.0 24.1 25.3£6.0 23.7 25.5+6.1 23.9
ke % 2018 47.3 £12.1 25.5 46.9 £9.4 20.0 40.2 £9.8 24.5 42.2£9.0 21.3
Harvest index 519 47.3 +4.8 10.1 45.0 +8.9 19.7 39.7+9.8 24.6 37.8+7.0 18.5

2020 46.2 5.0 10.8 42.7+5.0 11.6 41.8 5.1 12.1 39.124.0 10. 1
PR 2018 75.3 +21.4 28.4 88.7+12.1 13.7 106.3 £13.6 12.8 112.3 £12.2 10.9
Plant 2019 61.6£15.8 25.6 81.1+11.2 13.8 93.6 £10.7 11.4 99.5 +10. 1 10.2
height/cm

2020 58.2£10.6 18.2 74.3 £10.9 14.7 82.6 +12.1 14.6 94.6+11.4 12.1
HOEE 2018 39.2+10.1 25.8 48.8 +7.2 14.8 54.3 6.2 11.4 55.8+7.4 13.2
Height of center 5519 33 919 4 28.6 42.3+6.0 14.2 45.6+5.3 1.7 45.3 +4.8 10.6
of gravity/cm

2020 29.5+£6.0 20.5 37.0 5.4 14.5 40.2 5.1 12.8 43.4+£3.9 9.0
R 2018 14.5+7.1 48.9 17.8 +6.8 38.2 22.8+7.6 33.6 23.7 6.9 29.1
Bottom pod 2019 8.3+3.6 43.2 13.5 £5.5 40.5 17.4 £6.3 36.3 15.2 £5.5 36.1
height/cm

2020 12.4 5.9 47.3 19.2+5.9 30.7 20.1+6.8 33.7 24.2 5.5 22.6
A Tl g 2018 5.7+1.1 18.6 6.3+0.7 10.6 6.2 +0.7 11.8 6.6 +0.8 11.9
Internode 2019 5.5+0.7 13.0 6.1+0.7 12.3 6.5+0.7 11.3 6.9+0.9 12.5
length/cm

2020 5.2+0.7 14.0 5.6+0.8 14.1 6.1+0.9 14.1 6.4+0.8 13.2
FZETHL 2018 13.2 £2.9 21.8 14.3+2.2 15.4 17.5+3.0 17.2 17.1+2.3 13.3
Number of main ;9 11.3+£2.9 25.5 13.5+2.2 16.4 14.6 £2.0 13.6 14.7 1.7 11.5
stem nodes

2020 11.3£1.7 14.8 13.5+2.3 16.9 13.7+1.9 14.1 15.0+1.7 11.5
BEROTRE 2018 0.9+1.0 116.3 0.5+0.9 177.8 0.3+0.5 144.7 0.5+0.8 165.3
Effective 2019 0.6 0.7 114.9 0.6+0.9 142.4 0.8+1.0 124.3 0.7+0.9 121.2
branches number

2020 1.2+0.9 80.4 1.0£0.9 86.5 0.9+0.6 72.8 1.320.9 67.1
YRR B 2018 30.5 £14.7 48.0 43.3+18.9 43.6 47.6 £23.9 50.2 46.9 £21.7 46.3
Branch 2019 17.6+11.4  105.2 17.3+12.5  116.8 19.0415.4  114.5 2.4+15.3  111.2
length/cm

2020 23.5+9.1 38.6 30.9 +13.4 43.3 29.1£12.7 43.7 37.7+12.5 33.2
SREATAL 2018 3.6+2.2 60.6 2.9+1.6 55.8 4.3+2.0 45.7 4.4+1.8 41.1
Branching node 59 1.5+0.4 30.0 3.2+1.4 4.1 4.0x1.6 39.4 3.7+1.3 34.2
position/%‘

2020 3.4£1.6 47.4 3.8+1.4 36.0 4.413.6 81.2 4.9+1.6 32.7
Y ikie 2018 33 30 26 66
Number of 519 17 51 52 36
varieties

2020 22 39 31 35
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ANBURAFA SRR FZRESUR . A2 F HEUE (101 6
~108.5 d) ,ZEFFR SR (2.9 ~3.0) , Bk 3 s 4%
(58.2 ~75.3 cm) , EZETH(11.3 ~13.2 7)), 15
A EERE (5.2 ~5.7 em) , WOARAE B, Bpk )™ 4
INK PR A

REEFR AR R R AT HEGEH
(109.5 ~112.0 d) , ZEFFiR W R (2.5 ~2.7) , B
FEHE L (74.3 ~88.7 em) , EEWHGE P (13.5 ~
14.3 719 Btk mAVNX PP

HOREEAR SRR AR R AR E SO R
(110.6 ~124.7 d) , ZEFFomE P45 (1.8 ~2.3) , ¥k
R (82.6 ~106.3 em) , X HUK £ (13.7 ~
17.5797) /MR8

HEEFER S R EE H
(116.3 ~124.5 d) ,ZEFFRET (1.2 ~1.5) , Bk &
iFE(94.6 ~112.3 em) , FZETH(14.7 ~17. 1)
Z NX A,

2.6 BIRESEEMHKRBEXS T

Mk 5 PR . TEm B E R T ARG 54 F
HECR D 2 IEAH G, MR BN 0.42 ~0. 675 5
SEFFOR B 2 AR B R RO G, M OE R B -0.81 ~
0. 94 ; 5 Bk ™= i fAH G AHOC R -0.30 ~ -
0.01; 5ERRA M 7™ 5 IEAH G, M OC R ECH 0. 18 ~
0.30; 53R £ ARG, M C R B -0.43 ~ -
0.15; 5ARE A E X RECH -0.18 ~0.09; 5
AN B UG FHOC R BN - 0.34 ~ —0.11; 58k
e R TEAHSC A RELR 0. 66 ~0.78; HJIE
JE R A I R IEAHOG A OE R0, 26 ~0. 51 5
O e BE A 2 IR A OC, A G R BN 0.43 ~0. 66
SRR R EASE, LR EHN 0.37 ~
0.62; 5745 i) K B 0 0 3 IE AR OG, M R B
0.41 ~0.61; 5B AT R IEASE MR B
0.22 ~0.47,

PEARSE B A5 F R G0 54 8 H e i %
TEASE  FHE R BN 0. 28 ~0. 60; 525 F1 58 & 2 1)
W IEAIE MK RN 0. 84 ~0.94; 5 ¥ fRr= &
ERME HERBON -0.04 ~ —0.30; 554D
FEELIEAOG M OC R BN 0. 08 ~ 0. 30; 5 ak 48 %L
BB E A MR RECH -0.20 ~ -0.44; 5 5%
FEEGME, HERECN -0.04 ~ -0.16; 5/hX 7=
WA, RN -0.03 ~ —0.25; 5Fkm S0k
WM M ERECN0.52 ~0.72; 5K M E
R E IEAR G, M OC RN 0.29 ~0.58; S H.LO
R R IEAH G MR BN 0.30 ~0.64; 5

FEEECE D IR AR OC A OC R ER 0. 27 ~0.56;
5 R B S AR R S AR A O, A R B 0,43 ~
0. 62 ; 5B BEIEA G, AHOC R ECH 0. 01 ~0.39;
5oy R AT EARDG  HH IR ECR 0.16 ~0. 38,
2.7 AREERBEXNXEREMERHZME

XPEVR M 2SR Z M 17 07 2570 LSD ik £
FeBL BT R TEAMBIR g BEABAR | e B {8 AR A e i
IR 4 AR Z I MEARAA 19 22 5, R e 4% B AR
LIS 257 41 541 %885 3 [) — RO DN ~F- 349 41 6 I A
SR A DVEVR A S B A8 i AT 43 B i 4 2R
WREER 1 FoR A F H A ZEFFIR A /NI Wk

B bk HO R R T T K BN 2R
T ECHR A RS OR B B =2 (B B 25 S 3R B T i
BEKF,

HE— 25 AT 2 T A R A A 4 S AN B 2
7N AEE BB PO EIR R EEEIAR | b BEEIAR AN
BRI I 22 1] 22 57, o b 3 {380 R R 45
R ) 25 WA R 3 B K2 08, g ¥k )
TR E KO AR RR B bR A TR B 3 PRI
Hh 4 PR A I I 2 [R] 25 55 25 B T MR R SR i
— UL X 3 AR AR AN [ (AR A A v 22 AR
B, HETTHETE A ik 2% AF R L 9 58 22 H8 b 5 /N X ™ 4
D7 i BEARAR S rp B AR A B AR S i R ARAR A
A T) 22 S B4R IR 25 KO, 2 B AR AR 55 (R AR A
AR T] 7= i 22 SR 3 i 35 KO FLE MR AR () 22 5
AN 8 U0 B AR 7 o R i, F TR AT A DR %
FooAR AR AN R 3 3 T B, LR B R R
FERVRRAE B 4 0 R ™ i 0 0 5 R AR 5
AR AR B BIR: , v B 430 OR: A o 3 80 AR T A4 79 7
Z )25 SN I ) L AR TR T 2 ) 2 S 0 B AR
EIK- 5 O e B T P RE R B R AR A AR 2 ] 2
S NTE NS N T A P S TR
S5 I i B T R AR 5 e AR R B AR
S BERAR AR 22 S 2k B I KT A e AR
WA 2 ) 22 Sk B I 25 7K 5 2 251 B0 e b
(R AR AN E BEARIAR AR 22 1] 22 5K W 38 o, e A
PR 2 0] 22 52 359 38 B b 3 K, g vk 5
PR SNEA R
2.8 TEEMHNIEELEE

T 3 AR AR UE S AR 3 BUENR 2000
1 2, ZEFF 0 3 1R () B 5 U5 Ay i 4% A ), B 3 4T
AR VHE ) 14 MR R A TTRR . 8 F R RV A
FSBURAT AR O 17, 38 B2 DU R A AR AL R
2y G EER S BURA A RL 3 4y (3R 6) .
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BRI AT 160 17 A4 R1EL 5 1y S A 8 e
R N ST N R N N S P T T
76 i PR VA8 AN ) DI, A R T 2 R R 1k 25 R T
Z R T HBNER 9 9, B BRI ER i 55 L1
Oy RPRL, Tt 5% A PR3 AG Z R PE 2, Rl R TR K
sCE AR A E RS Rt T 3 AR R
ARSI S RS R A R E X,

ASHIF 5T AR Al 25 FE 0 (5] ER AR B bR 0 4 2%
TE, O AR 5 B 80 AR | vl B 80 AR i £ 4R
BE L BFFEA S ZERE A0 IR R 80 S AN 431 AR B A4 1Y
FAVHAR , ZEFF 0 B 0RO R BEAIR, IR
e AR, AEE H B R 1 R BE R AR A s AT
KB T AR AR I U %5, 53 40 AR G 43 A v
WASR THIRIES S, RS AR R EE (B SH) 525
FFo e PR A OC Rl s, IR RO B B R
H Ok, 3225080 0 TR B RIS 36 3 B, 38 3 A e 2
K

AFF 5% ¢ B 7™ 1 7 A B AR AR sl o v B 3 AR e 1k
e, TEEAS AR S R 7 o e e (3R 4 IR
5) , FH LA B E =5 7 N 3206 i A R A AR 1 11 )
BRI PRORES  RAZ YR S R B 7= B0 T, R E
JE S5 BRG] 5 H B MR R DG K/ 511K
PSR R LA R TR R 25 FF o B Fbk = 5
RGN kR, OF LA 56 BB, HEFER
FHI PR R AR Sy 3000 K G P (3 AR M i 32 22
FEFEbR, HO R R A H A 2R T R A
TR BEAE A B S e FR A, 45 SR U T3 fin i 235
JEXT R AR s AR KR B S RE 18 I — 52,
AT BREFT SR —3, T AR A
AR, BT R S RPN R T () 2528 Fabs Ry 25 7T
SR (58) BRE( <85 em) (EZETH( <14 717) HilH]
KBE( <6 cm) AUKIEFEE( <15 em)

W 3 ARG HESE RE , PR H T 2 A o 9 U5
14 3,43 5 A Fiskeby1040-4-2 NO7  N32 [ 21
BT 41 SRASR A A 2E N13-333 558 N13498 4
P8 71 & 42 FUle 24 58 0995 (BRI ) (58 09-95
(EPPEZ ) FI5E 14-758 350 6 T ol 8 5L i 226 A 2 2 1
TxF R S AT i 4 A R B B R AN R SR AL T AR AT Y

SRR RE, R, 0 2R AR bR 2R
B8 TR B AR 36 iy B2 AR Sy R SRR A DU iy
[ 4 E FR R o

Bigt. 4% A AP B R e A S AR 4 A B R BT
FRT AR A ST 0 A AR I 09 38 5

&% 3k

(1] X&dr, #EE, D5k, 55, REEF KSR F R 2 T
[J]. Ae22E4%, 2020, 10(1): 1-6. (LIUN X, DONG Z M, LI
7, et al. The density tolerance of dwarf soybean varieties [ J].
Journal of Agriculture, 2020, 10(1) . 1-6.)

[2] ®WE%, B84, REE, 5 B KEFaMRmitRS
PHELJ]. FEZLR:, 2006, 39(1): 29-37. (ZHAO T J,
GAIJ Y, LI H W, et al. Advances in breeding for super high-
yielding soybean cultivars[ J]. Scientia Agricultura Sinica, 2006,
39(1).29-37.)

[3] B, FW3EF, WIERE, S SEFFM %A K H Al G4k 91
EESRTAIE[T]. RERE, 2019, 38(4): 664-667.
(GUO T, GUO M L, FENG X Z, et al. Breeding and high yield
establishment of dwarf stalks resistant to dense planting new
soybean variety Henong 91[ J]. Soybean Science, 2019, 38(4) :
664-667. )

(4] XVE==, BRBOT, ol , 4. FE % X /INRER B 64
e RO )]. KGR, 2018, 37(4): 551-557. (LIUY
L, CHEN D Y, YUAN M H, et al. Effects of planting density on
photosynthetic capactity of Glycine gracilis[ J]. Soybean Science,
2018, 37(4) . 551-557.)

[5] g, H, E0ot, 5. REERIRER MR 15
ME[)]. RERE, 1993,12(1) : 81-85. (XIE F T, DONG Z,
WANG X G, et al. Effect of lodging on soybean yield formation
[J]. China Industrial Economics, 1993,12(1) ;: 81-85.)

[6] HEF, W, KFH, 5. RIS RIRE R GAR Rk 5
PR T]. KSR, 2017, 36(3) : 377-384. ( YANG
M P, PAN L L, ZHANG Y, et al. Effect of plant spacing on
agronomic trait and yield of different plant type soybean [ J].
Soybean Science, 2017, 36(3) : 377-384. )

[7] whiliak, £47, 3008 55 RS U Ik gR 8 M
I e 2 YRR AN B[ )], KRR, 2021, 40 (4) :445-
456. (HAN D Z, WANG S, JIA H C, et al. Comprehensive
evaluation and screening of high density soybean germplasm using
density tolerance index and principal component analysis [ J].
Soybean Science,2021,40(4) :445-456. )

(8] BB, #EXKEERICA A R SRR R R 15
[D]. Mi/REE: ARALA& K%, 2017. (LU S C. Effects of
density on photosynthetic effective radiation and lodging resistance
of soybean canopy[ D ]. Harbin: Northeast Agricultural University,

2017.)
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