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Establishing an Evaluation Method for Condensed Planting and
Identification of Elite Germplasm Resources in Soybean
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Abstract: Increasing planting density has become an effective way to improve soybean yield. However,
the comprehensive evaluation system to identify density-tolerant soybean germplasm resources has not been
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systematized. This study attempts to construct an evaluation method based on multi-year data, followed by
evaluating the density-tolerant characteristics to identify the elite soybean germplasm. Seventy-seven soybean
germplasm resources suitable for Huang-Huai-Hai ecological area were sown with two densities including high-
density sowing ( plant spacing 8.0 cm, about 315000 plants/hm® ) and conventional density sowing ( plant spacing
13.0 cm, about 195000 plants/hm” ) . The evaluation of dense planting tolerance was conducted by obtaining nine
relevant character indexes in 2019 and 2020. Compared with the conventional planting density, the height of
gravity center, bottom pod and area yield of the plant were very significantly increased ( <0.01 ) , plant height
significantly increased ( P<0.05 ) , respectively, and the number of effective branches and seed weight per plant
decreased significantly ( P<0.01 ) under high planting density. According to the significant correlation coefficient,
the principal component and membership function standardization analysis were carried out to estimate the
comprehensive evaluation value which was deployed for the clustering analysis. The dense planting tolerance
characteristics were divided into five types (1, less dense type; II, strong less dense type; III, intermediate
type; IV, strong dense type; V, dense type ). Three soybean varieties ( Wuxing 1, Motte*, and Gaozuoxuan
1 ) qualified for condensed planting were preliminarily identified. Collectively, this study established a density-

tolerant evaluation method useful for developing new dense-planting varieties and studying their physiological

mechanism in soybean.

Key words: soybean; tolerance to density; evaluation standard; high density planting; conventional density

planting
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Table 1 Information of soybean varieties ( line ) used in this study
i) EiN B3] s 2R e haes EAi e it
No. Name Source No. Name Source No. Name Source
1 T 301 rEdEE || 27 AR 1S HrENAE || 53 8588 PR
2 Kg—5 R || 28 i) HEE || 54 rfERE 15 hE 7R
3 HED e || 29 IR L HrENATE || 55 Bk 23 P AR
4 Amcor89 L || 30 Trg T HETR || 56 LRI EiwN 35 T AR
5 Hhe 27 R || 31 [EEwN YA ThEWRE || 57 FFH 36 hE 7R
6 ZDD24629 LT 32 TP T S REERGIN) 58 FEH 39 AR
7 hE 4 Edest || 33 %11 TEWR || 59 FHE 41 LA
8 i 56 hEdEE || 34 #5492 TERE || 60 FrH 42 P AR
9 T 71 Edest || 35 ¥ 84240-B1 HER || 61 PUHL [ AR
10 i 661 g || 36 592116 HrETE || 62 YrE 78 SN
11 ZDD05182 hEZR || 37 # 98005 ER || 63 Flyer B
12 B 05-10 EZR || 38 6221-15 e || 64 MN1900 FEH
13 W hiEZE || 39 Z11-256 TEERE || 65 NS93-4118 Ed
14 5% 8206 HEZE || 40 Z11-78-1 HEEE || 66 OAC Talbot FKIH
15 I 33 hEZE || 41 Z13-631-2 hEEE || 67 Probst g
16 e ¥ 506 PEZR || 42 713-631-7 hEEOE || 68 Surge B
17 13516 PPEAE || 43 Z13-633-1 HIEEE || 69 Titan FEH
18 AVELS L || 44 713-642-4 hEERE || 70 TN4-94 gk
19 KIBE FPENAE || 45 Z13-653-1 HEEGE || 71 Williams82 FEH
20 =3 rhEREE || 46 713-653-6 hEERE || 72 Zane ESE|
21 B hEdL || 47 W RE hELIN || 73 Motte* B
22 B4 N || 48 WELT L ELIR || 74 Musen eS|
23 PREIN 51 vl || 49 A ER hENTIR || 75 Nathan B
24 T R FREE || 50 M 288 FELIR || 76 Saline eS|
25 T R i R ESR [ B wE 11 hELIR || 77 WDD02303 RRA
26 VO 55 ML hEdL || 52 R 23 H L
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Table 2 Variance analysis results of agronomic characters of soybean varieties ( lines ) used in this study

2019 4F In 2019 2020 4F In 2020 WI4EH{E Two years Mean
PEIR S < kY Al AR
Trait Treat  Trend ) IE + bR r (%) PIE + b2 r (o YIE + bR
(% %o % )
Mean + SD Mean = SD Mean = SD
Range Range Range
HOFE (em)  HEAT 3344 37.79+7.73 L1972 22984457 2248 3039488 .
Tt 13.67 3.16 12.67
HCG A 30.58 33.68+5.97 17.90  21.78+3.82 23.57 27.73 +4.38
B (em) T 12478 71.33£19.77 . 6228 4833+11.09 . 9074 59.83+13.19 .
Tt 5.57 437 6.67
PH AR 85.78 64.92+13.34 72.68  44.74+10.16 74.23 54.83 +10.71
JEIERE (em) ARG 1430 12.50 +3.50 L1418 8.91 £2.92 10.50 10.71 £2.71 .
7 17.63 221 11.69
HBP HHUFR A 14.64 10.30 +£2.99 15.26 8.18+3.17 13.39 9.24+2.62
FENH SRkl 14.00 1587 +2.57 o 1200 1411195 1150 14.99+2.03 .
Fr& 5.46 3.58 5.63
NNMS R 11.60 16.80 +2.34 12.00 14.72 +2.02 11.70 15.76 +1.98
ARG SR 480  1.71£0.97 L 700 274+1.60 550 222+ 1.67 .
T 19.58 14.24 20.89
ENB R 6.00 2.52+1.30 9.80 3.74 + 1.66 6.00 3.13+1.29
IIAEE (em ) A 530 437+x1.19 6.77 435+1.43 5.32 436+1.19
TR 0.02 2.49 0.91
BP A 6.92 440135 6.66 4.69+1.24 5.98 455+1.20
SRR (em) AR 51.75 29.80 «11.41 39.67 14.58 +7.20 L4351 22.19+8.14
TR 1.27 8.14 4.14
BL AR 50.46 31.80+10.55 4597 17.82 +6.89 47.03 24.81 +7.81
PRRRTE (g) R 86.58 14.64 +10.33 . 1892 9.24+4.22 L4417 1195572 .
TR 3.67 29.53 14.70
SWPP PR 41.00 17.48 +7.88 22.02 13.45+5.32 23.45 15.47 £ 5.67
MK () FEERME 1555.40 689.33 +295.35 108520  634.45 +234.02 . 105730 661.89 +226.72 .
Tt 3.18 12.23 8.64
AY A 1305.20 606.47 +281.39 1002.50  502.14 +235.56 972.50  554.30 +227.37

"1 P<0.05 KT BEAKT; T P<0.01 KT B B E KT TR

" Significant different at 0.05 probability level; ~: Significant different at 0.01 probability level; HCG: High of center of gravity; PH: Plant height;
HBP: High of bottom pod; NNMS: Number of nodes of main stem; ENB: Effective number of branches; BP: Branch position; BL: Branch length;
SWPP: Seed weight of per plants; AY : Area yield; The same as below

®3 FEXESM (R )EREERHTZIEL

Table 3 Density tolerance index of agronomic characters in different soybean varieties ( lines )

2019 4= In 2019 2020 4F In 2020 PI4EH4E Two years Mean
AN W R HE + bR AR LG & N < [ NS T o2 W R B+ b5 AR
Trait H fE E2E A i) fE i A i) {E) E2E E i
Min. Max.. Mean+SD (%)CV  Min. Max. Mean + SD (%)CV  Min. Max. Mean + SD (% )CV
L HCG 0.75 1.80 1.14+0.23 19.95 0.48 1.44 1.06 £ 0.16 15.12 0.76 1.54 1.10+0.14 12.34
¥R PH 0.77 1.77 1.11x£0.25 22.85 0.70 154 1.09+0.15 13.79 0.82 1.50 1.10+0.15 13.74
JIKJER E HBP 0.68 3.60 1.27+042 33.28 031 216 1.18+x0.39 32.88 0.63 276 1.20+£029 24.11
FZETE NNMS 0.68 122 095+0.11 12.06 0.77 120 0.96+0.08 7.81 0.79 1.11 0.95=+0.07 7.57
350k %L ENB 0.10 233 0.74+035 47.71 0.14 154 0.73+0.26 3496 022 125 071020 28.06
A E BP 0.63 500 1.07+0.51 47.81 029 1.64 093+023 2454 0.52 253 098+0.23 2373
SR BL 033 220 1.00+042 42.16 0.14 1.77 083+030 36.26 038 1.73 092+0.28  30.87
AR SWPP 0.28 623 098+0.81 82.87 021 215 0.72+0.27 3742 0.38 327 0.82+0.39 48.05

INX R AY 044 447 127+0.61 4839 0.13  3.67 141061 42.87 0.75 258 1.27+037 28.83
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Table 4 Correlation coefficient of density tolerance index of agronomic characters in different soybean varieties ( lines )

PER HOmEE i R FZETHL AR Iy E I LRSS
Trait HCG PH HBP NNMS ENB BP BL SWPP
Frm PH 0.82"

I JE R B HBP 0.14 0.17

FZETH NNMS 0.55" 0.53" 0.11

AR B ENB 0.01 0.11 -0.29" 0.02

SR E BP 0.02 0.33" 0.06 0.06 0.56"

3B BL 0.52" 0.49 -0.07 0.41" 0.26° 0.07

Hi o T SWPP 0.39" 0.40" -0.10 0.32" 0.11 0.19" 0.39"

INXFERE AY 021" 0.18 -0.02 0.06 -0.24 -0.04 0.19" 0.16

RS INTEEEXMERERS BHTEMRR

Table 5 Principal component total variance interpretation of nine dense planting related traits

FFIF{H Eigenvalue J43 R Component matrix

PEIR Trait
1 2 3 1 2 3

L HCG 0.48 -0.19 0.05 0.85 -0.25 0.05
Fim PH 0.50 -0.04 0.19 0.88 -0.05 0.21
ICJEm B HBP 0.05 -0.32 0.74 0.09 -0.41 0.80
FZETH NNMS 0.40 -0.12 0.10 0.70 -0.16 0.11
AR ENB 0.12 0.68 -0.01 0.22 0.89 -0.01
R E BP 0.17 0.53 0.34 0.30 0.69 0.37
SRR BL 0.41 0.05 -0.26 0.72 0.07 -0.28
HRR T SWPP 0.35 0.08 -0.26 0.62 0.10 -0.28
INK P AY 0.15 -0.30 -0.39 0.26 -0.39 -0.42
F#iF{H Eigenvectors 3.10 1.69 1.17
FHRF (% ) Contribution ratio 34.47 18.78 12.97
ZFTTHAE (% ) Cumulative contribution ratio 34.47 53.26 66.23

24 RKEMBESEITMRERNEL
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IO 1 25 JRE PR 2% A A R A, ML (LR 3 B EL T 2% B
J g, R 2 25, gk 6 s, MN1900 19 M {H
h0.26, Tif % GE 7155, L2 158 M EH 0.72, it
SERE i . NP K T e, BT
MBI R FG IR 28 20 (] PS4 A 0 AN (] O 2 it
AT T IR0, S5 0 R, SRR R B ok 2.0 B mf
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Vol

T F—

PRI WA
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Table 6 Comprehensive evaluation of density tolerance of soybean varieties ( lines ) in this study

WS A 20194 2004 DU s | s amos 200k PPy
Filter number Name In 2019 In 2020 Two years Grade || Filter number Name In2019 1In 2020 Two years Grade

Mean Mean
MZ001 TR 1S 0.78 0.66 0.72 vV || MZ040 MERARE 035 0.46 0.41
MZ002 Motte* 0.42 0.88 0.65 MZ041 A BRREt 0.33 0.48 0.41
MZ003 e 1S 0.6l 0.6 0.61 MZ042 PN 0.26 0.55 0.41
MZ004 713-642-4 054 057 0.55 IV || MZ043 e 33 0.24 0.57 0.4
MZ005 K 05-10 06 0.47 0.54 MZ044 e # 506 0.42 0.38 0.4
MZ006 R 034 0.74 0.54 MZ045 E 11 0.36 0.44 0.4
MZ007 R 301 0.48 0.57 0.53 MZ046 M ELLEM 0.27 0.52 0.39
MZ008 F5H 39 0.46 0.55 0.5 MZ047 MG 0.43 0.35 0.39
MZ009 wTE 0.29 0.72 0.5 MZ048 i 71 0.27 0.52 0.39
MZ010 WDD02303 052 0.49 0.5 MZ049 Tk 56 0.37 0.42 0.39
MZ011 il 661 047  0.53 0.5 MZ050 713-633-1 0.42 0.35 0.39
MZ012 HED 0.4 0.6 0.5 MZ051 Z13-631-7 0.26 0.47 0.37 il
MZ013 ik 23 0.42 0.57 0.49 MZ052 TN4-94 0.31 0.42 0.37
MZ014 713-653-6 0.48 0.5 0.49 MZ053 RN 0.11 0.62 0.36
MZ015 Musen 0.23 0.75 0.49 MZ054 Z11-256 0.33 0.39 0.36
MZ016 Jan-37 026 0.7 0.48 MZ055 92116 0.3 0.41 0.35
MZ017 Surge 0.51 0.44 0.48 MZ056 e 78 0.27 0.43 0.35
MZ018 Probst 0.43 0.51 0.47 || Mz057 8588 0.15 0.54 0.35
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MZ021 Flyer 0.48 0.45 0.46 MZ060 e 492 0.14 0.55 0.35
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MZ023 5% 8206 0.48 0.43 0.45 MZ062 Amcor89 0.33 0.35 0.34
MZ024 713-631-2 0.3 0.61 0.45 MZ063 FFH 36 0.24 0.44 0.34
MZ025 WP 032 0.58 0.45 MZ064 VAVEE I 0.2 0.47 0.34
MZ026 ZDD24629 037 052 0.44 MZ065 KbE—5 0.3 0.36 0.33
MZ027 NS93-4118 0.3 0.59 0.44 MZ066 B 11 0.29 0.37 0.33
MZ028 Nathan 0.2 0.68 0.44 MZ067 /KL B 0.22 0.43 0.33
MZ029 713-653-1 032  0.55 0.44 MZ068 Frik 41 0.27 0.36 0.32
MZ030 TS 033 0.54 0.43 MZ069 g 27 0.23 0.4 0.31
MZ031 Saline 0.41 0.44 0.43 MZ070 H 4 0.23 0.39 0.31
MZ032 w23 037 049 0.43 MZ071 Z11-78-1 0.24 0.33 0.28
MZ033 ZDD05182 0.3 0.55 0.43 MZ072 Williams82 0.32 0.24 0.28
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MZ035 DU 5 0.4 0.44 0.42 MZ074 Frik 42 0.16 0.4 0.28
MZ036 # 98005 026  0.58 0.42 MZ075 P ffy 5 A S 0.15 0.42 0.28
MZ037 TG 023 0.6 0.42 MZ076 OAC Talbot 0.24 0.3 0.27 I
MZ038 SFIFEET 0.2 0.63 0.42 MZ077 MN1900 0.14 0.37 0.26
MZ039 R 0.31 0.52 0.41
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