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Comprehensive Evaluation and Screening of High Density Resistant Soybean
Germplasm Based on Tightness Tolerance Index and Principal Component
Analysis

HAN De-zhi', WANG Shu', JIA Hong-chang', ZHANG Lei', LU Wen-cheng', LI Ying-hui*, QIU Li-juan’
(1. Heihe Branch, Heilongjiang Academy of Agricultural Sciences, Heihe 164300, Chinaj; 2. Institute of Crop Sciences, Chinese Academy of Agricultural
Sciences/National Key Facility for Gene Resources and Genetic Improvement/Key Laboratory of Crop Germplasm Utilization, Ministry of Agriculture,

Beijing 100081, China)

Abstract: To screen and select soybean germplasms resistant to high densities, this study used 90 soybean germplasm
resources obtained from early screening as the experimental materials, and used the ratio of each density tolerance trait at the
condition of high density and conventional density as the basic data, evaluated the density tolerance of soybean
comprehensively through two kinds of methods of resistance index together with the principal component analysis. The results
showed that under high density stress, seed weight per plant was the greatest affected, followed by branch-related traits, and
cotyledon scar diameter. The coincidence degree of the two evaluation methods was 42. 8% . The two methods comprehensively
identified 8 species that were resistant to high density planting, which were Seed nursery, Heihe 49, Hejiao N13-333,
Sakamoto precocity soybean, Heihe 44, Zhongke Madou 2, NO7 and Heihe 43. The results provided the material basis for the
theoretical research of soybean tightness tolerance and the breeding of new cultivars with tightness tolerance.

Keywords: Soybean; Density tolerance traits; Density resistance index; Principal component analysis; Comprehensive

evaluation; Screening

KGR, R BRI A R, SRR ARk R T ST, 20

Pyt B R A R U R 1] 2 5| b R 4%
H AR S A P R R R B T E RS R
o BRI 1954 432[ 1974 A PR 07 5Bk fE 4
BREE . BTAR AE AL J 56 =, T ™ [ | o R e
HIREERE I, EEIL T KRG MM EA T ER
Man-darin 254056 26 A 50% L) F 0938489 o, i 98
[l Fg 5 AP & A E R 7 Y CNS i 2k, R
X HAS B b st AL ol R AR R 38 T EAE

I Fs B H3:2021-02-04

20 80 4E AT , S [ N HERY i 986f . FI AR
ST R TR U8 0 26 £ S M R £ 9 B0 B
PR REAR , JETR A BT HE i £ 900G FO 1 5 Fl o
PRI BRI, ko R U BT X 2 1
FIELAT TBEAEIE . T AR M T BT B, K
FELSZ -+ TR A, 4586 o 7 2 A R £
S, ARSI T R TR
Rk 0 P LA TN, Ak, T SRR
TR A AR BRI B P ]

HETH B K E S & 72 (2019YFE0105900 ) 5 & 5 K & 7= b # AR & & (CARS-04-05B) ; BT “ /T 77 TR & RLm
(2019ZX16B01) ; B b vT48 4% b Fh 2 % B L RHIFI0 B (2020F)ZX024,2019KYJLO15 ) 5 By T 48 F R B2 5 4045 9 Wi H

(LH2021€090) ,

F—1EH AR (1984—) B AL, IR L, EENFHRAKR G H R AP TAHTFSE . E-mail : handezhi2008@ 163. com,
WIAES I IE (1963—) , % A58 51, 1, BN F R G R R G IRIZ I8 5 R HAFSE . E-mail : qiulijuan@ caas. cn;
RESCHE(1970—) , B W98 61, s, BN F R AK G H R LR =4 . E-mail : 13845674288 @ 163. com,,

=



446 N

B 4

ORI 2018 A iR 4% AR R T2 S R
O1 575 i 858 M I 78 47 %5 4 il 5 £ R SC B 423. 77
kg+667 m 14 [ 5 e 0 s L K R A AR A
A EAARORIN o 7= 98 0, 435 7 Tk 8 K Ao
FRA TR X

TR e VEAR Jb 8 G A 7 b A 2 B 5y, %
FRLLE A T 25 R 3 — i X B R R AR R
KRESCRI IR T BOE & 7= WA S Fr a5 M
BELAR T A3 0 ) 2R 9, 52 0 7 e pOIR SR B, Bofl
KR i R RAR T o T A 1 R L8R
JI5i, FERHRT B B AR AT AT T 3R AS A s A
At 1T 2 A B 0 o o R 5 5 e A B 2
] Ay 22 25 % 7 T AR T 3 R T 5, A WK 48 7 7 0
LN R INIE A A SO NG IS T N
% R VATTR AV N R 7S @ I RN S )
TR 2RIV NCIF: %3 Ul NN NI e da s L
BRAFAEZE S, T 6 ot b IR 48 O o, €5 {1 o
35 S AP O A /N R R
TR, 2 R GRS A 7 R
AT BT L R R A AR A B £
T T A DR T2 A% IR A DDA G, R R A
FPREEARA G I A R 7, 7 AR A At L
b o R e i A L% B A e IR 2 R A
Yy 3z i Bt R T2 () 2k DR R L A A 2
FE R BR P R e T P KOF Y R, i
Je R EL R B P i R M i 2 — , A i i —
. iR A R LA B

ASBIFSE A iy 30 X6 R R K LR R AT )
(O RER L, B X I 28 b Jo 1 AN [ 45 52, X 1 % A
FARRBEATRIME I 2L o 5 26 TR A PR J7 1%,
(7] b AR ) 2 8 73 23 B 7 96 0 S 58 IR A7 25 5 O
A, Ui 126 R AAE PR H VA 7 3 DXk 391 R A T i
PR DI S5 T 22 RO R B 9 8L, LA SO Ay 8% P A O i
il P 578 B g L A 00 i ol 1 7 B A A

1 #RE5FE

L1 ##

AR 2017 4FEXT 000 4% 4 B UL A v 2%
I 6 5 i A5 B 119 90 3 K TP B 9 R o
1.2 |{Eigit

FE R 360 >R BB AL DX 2 3 3, 38 0 %%
25 Jitk-hm * BREEZ 6 ~7 om; @R 45 Tk -hm
PREEZS 3.5 emo /NMXATHR 2 m, 3 471X, #% iU
B RERHE, 4 MRk o Dy U SR RS, 4500 B R
2WEE, WK T 2018 4E 5 A 13 HEEF, HLAIT
{8, N TR HEUORE A 48, VI B v o HAth 1 ) 47 2

[Rl—f A== H
1.3 A&
1.3.1 REMKAEZ SR G R TTIE L

PR AR AR ) 7 A A T AR A 2R, AR
o= I ERIN =1 7 =1 eE =115 M S S G
VAN % 4 O N AN A R VAN 8 7/ VAR R R R
B,

FLO B R BT DL A AR 5 R B L
TETF46 LR FFd B Ry S0 &, U R 3 &
LIRS

IR B AT

IR AR T 2 A A A K

TR AR A Tl hs R RO a7 iR Ak
1.3.2  #ZAaE3es MiitE YRR D
i1, 0 = SRR i 4 AR e
F 1 EIE RN 1, Aadk KT 1 BIEN 1,

HHAPEIRT BB M, M = 11 - D1, LIk .
FOEE R IR EZEN R K R B
TR 25 AR A ) 22 5 ) 7 o AR SR M (E
(Mg ) ARFEA R R} 25 s B F20 4R 10 25 B 41K
MHRE ST, IRARRIE A M H (M. ) AR FA RS
B TR R A TR T, R, MR 2R A
i 25 Fa 45 Mi = Moy + My , Mi AR A7 T AR
oo 288 PR A G AN A5 R 28 1 38 7= 4 B ), Bkt
0 TR 2 HE 0
1.3.3 DAEHHEA TR HREEE = &
AL PR AR HRUAL BEPEARAE . AR PEARAE(E KT
1N R 8 o AR 8 RO 25 A5 Ak
ARTE BT 42 B 32 B8 4 L 0 15 40 8 28 47 b oE 1k
F(Xi) =(Xi - Xmin)/(Xmax — Xmin) ;i =1, 2, 3,

-, ny EH A Xmin fl Xmax 23 3 Fen B4 F 4
AR T8 AR AR 0 1 e/ IME R KB wp = Ap/
b ApsAp FREEBUNES p A E R AL ;wp
TR PRI 2 A3 BT Ry AR, D = 20, (wp x
Fx;) 3D R A AL B 5 R F A 25 A (8. DL D {E
PTG, R s e >
1.4 RS

S WPS Excel 2010 F1 SPSS 23. 0 #{435:4755

T o

2 ER5HH

2.1 AEZELXEWRASETEREMHRIIIE

e A ) Ak PR i 2 1 3 B IR AT ¢ )
AL RN 1 TR, AN [R) 2% B A B A= &
SRR TG S 25 5 R R A R AR S
FREAR /N, 2 U M RARL 25 BB AR /)N 5 AN () 285 B Ak 7
T E R R R B (5 1,3,5 40k 2 5%
S R R A R AR S R A AR R, R IR
(B B HRRE R 5 A ) 95 5 Ab 3 7 3 25 E L BBk ORI R
BB B R TR 2R ELAR I R 22 5



4 4 BEPSREAE M HE RS T ST A 23 VU I 07 2 o5 e Atk K B I 447

I S A B PR A R R gy A BRI R R A S AR R /N, 2 IR A A
BoR AR S R B R, R PR B UL R, i E/J\,ﬁ‘ﬁ?ﬂfﬁ/ﬁﬁdﬂﬁhmo
®1 J[LBEFERZHERBRSEITR QN

Table 1 The description statistics and #-test of main agronomic traits in different treatments

e wE _— 705 S5 R 5
# EEUQ Density iej;i Rane of SD cv ‘ P Sjiaﬁme
/(10* plants-hm ~2) variation
HEHM 45 115. 74 85.00 ~131.00 10.98  0.09  0.09  0.93
Maturity/d 25 115. 64 85.00~131.00 10.99  0.10
HOEE 45 28. 51 12.00 ~48. 40 7.50  0.26 2.14  0.03 *
Gravity center height/cm 25 26.95 7.60 ~43. 80 6.69  0.25
Bk 45 50. 62 19.00~91.00  14.30  0.28  0.54  0.03 *
Plant height/cm 25 49. 84 14.80 ~84.80  14.04  0.28
T 45 15. 04 7.00 ~31. 60 500 0.33 411 0 “x
The lowest pod height/cm 25 12.92 4.20 ~32.40 5.03  0.39
F2ETHL 45 14. 02 8.25~19.75 2,29 0.16 13.75 13.25
Nodes number of main stem 25 13.49 4.14 ~28.74 4.52  0.34
AR BEL 45 0.62 0. 00 ~6. 40 0.95 1.53 558 0 *
Effective branching number 25 1.26 0.00 ~5.00 1.24 0.99
1 AR 45 5.82 0. 00 ~42. 60 8.36 1.44 452 0 o
The first branch length/cm 25 12.01 0.00~51.20 11.47  0.96
51 A 45 3.82 1.00 ~16.75 1.89  0.50 2.50 0.0l *
The first branch location/ 7 25 3.30 1.00 ~8.67 1.16  0.35
W52 SA 45 3.37 0. 00 ~38. 60 6.22 1.85 476 0 *r
The second branch length/cm 25 7.39 0. 00 ~44. 40 9.76  1.32
552 SR E 45 4.88 1.00 ~19.75 2.16 0.4 1.16  0.25
The second branch location/ 7 25 4.52 2.00 ~8. 00 1.38  0.30
3 R 45 1.09 0.00 ~19. 80 2.89 265 470 0 *r
The third branch length/cm 25 3.84 0. 00 ~42. 60 7.49  1.95
53 R E 45 5.88 3.00 ~8.50 1.60  0.27  2.37  0.02 *
The third branch location/5 25 5.18 3.00 ~8.00 1.20  0.23
B4R E 45 0.49 0.00 ~10. 20 1.61 330 3.8 0 =
The fourth branch length/cm 25 2.06 0.00 ~35. 40 5.33  2.59
4 SR E 45 6.77 4.00 ~9.00 .57 0.23 2.70 0.0l *
The fourth branch location/ 5 25 5.83 3.00 ~9.00 1.20 0.21
W5 AR 45 0.15 0. 00 ~8. 00 0.79 524 2.8 0.0l =
The fifth branch length/35 25 0. 88 0. 00 ~29. 00 3.41  3.86
55 SR E 45 8.23 6.00 ~10. 00 1.57  0.19 1.83  0.04 *
The fifth branch location/5 25 7.33 5.00 ~10. 00 .17 0.16
PR 45 7.52 2.68 ~19.30 2.83  0.38 1534 0 *r
Seeds weight per plant/g 25 15.25 7.20 ~21.20 2.55  0.17
FIHRZEER 45 5.78 3.74 ~10.76 .07 0.19 1227 0 *
Cotyledon trace stem diameter/mm 25 7.35 3.53 ~13.76 .39 0.19

TR P<0.05 2RRE; TR P<0.01 ZREEE. TR,

*

* indicate significant difference at P <0. 05 level; indicate extremely significant difference at P <0. 01 level. The same below.
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Table 2 The variance analysis table
SS df MS F P
Source of variation
A [H]
0.2431 1 0.2431 3.532 0.0633
Repeats
vt A0 ]
9.8106 93 0.1055 1.533 0.0204
Varieties
w7
6. 4003 93 0. 0688
Error
16.4540 187

Total variation
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Table 3 The extreme soybean resources with different density tolerances screened out by Mi

i 2 PP ifif 5 HE 44 i B PP ifif 5 HE44
b 44 FR i Evaluation Ranking of Kb 44 FR i Evaluation Ranking of
i i
Variety name of density density Variety name of density density
tolerance tolerance tolerance tolerance
SRl 8]
0.05 HR 1 NO7 0.48 R 13
Seed nursery
B R A L M 43 5
0.12 HR 2 0.48 R 14
Mohemoshidou Heihe 43
L1 5 . 09-95
0.26 HR 3 0.49 R 15
Beijiang 1 Ke 09-95
SR 49 JEI 18
0.29 HR 4 0.50 R 16
Heihe 49 Heihe 18
B3 5 4430-20
0.30 HR 5 1.24 HM 1
Heihe 3 Ke 4430-20
478 N13:333 A4 60 - 1
0.38 R 6 1.16 HM 2
Hejiao N13-333 Henong 60 -1
AR
0.39 R 7 TBD 1. 16 HM 4
Sakamoto precocity soybean
JR] 44 UNEE2
0.41 R 8 1.15 HM 5
Heihe 44 Xiaobaidou
FRET2 S FA60 -2
0.42 R 9 1.05 HM 6
Zhongkemaodou 2 Henong 60 -2
W71
HLT1 0.44 R 10 1.05 HM 7
Jinyuan 71
BF13
0. 44 R 11 HLT4 1.05 HM 8
Kenfeng 13
SR 30
0. 46 R 12
Heihe 30

HR = R 5 R — i M - R 5 HM - BT,
HR - Highly density resistant; R — Density resistant; M — Median density resistant; HM — Highly density sensitive.
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Table 4 The eigenvectors and contribution rates of the principal components of each trait
WA HFAEAEL ST 7 I
Initial eigenvalue Extraction sum of load squares
%y
5 -/ jaf "/ 8]
ngrecient | EAAR 2R . rRETAIL 2
Percentage of ~ Accumulative Percentage of Accumulative
Aggregate Aggregate

variance/ % total/ % variance/ % total/ %
1 3.86 24.13 24.13 3.86 24.13 24.13
2 3.02 18. 89 43.01 3.02 18. 89 43.01
3 1. 96 12.23 55.24 1.96 12.23 55.24
4 1.59 9.91 65.15 1.59 9.91 65. 15
5 1.17 7.33 72.47 1.17 7.33 72.47
6 0.99 6.20 78. 68
7 0.82 5.14 83.82
8 0. 67 4.17 87.98
9 0.44 2.75 90. 74
10 0.36 2.24 92.98
11 0.33 2.04 95.02
12 0.28 1.76 96.78
13 0.16 0.99 97.77
14 0.15 0.91 98. 68
15 0.12 0.74 99. 41
16 0.09 0.59 100. 00
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Table 5 The extreme resources with different density tolerances screened out by principal conponent analysis

M HEZ I it % HE 44 i PR
SR D {8 Ranking Evaluation of SR D {H Ranking Evaluation of
Variety D-value of density density Variety D-value of density density
tolerance tolerance tolerance tolerance
TRER2 S
2.65 1 HR HLT8 0.50 13 R
Zhongkemaodou 2
PARE #4738 N13-333
1.35 2 HR 0.49 14 R
Sakamoto precocity soybean Hejiao N13-333
e
NO7 1.12 3 HR 0. 47 15 R
Hefeng 42
SR 44 B 6
0.97 4 HR 0. 46 16 R
Heihe 44 Heihe 6
FRIT 49 UNEIA
0.90 5 HR -1.85 1 HM
Heihe 49 Xiaobaidou
ST ol ] 2 g7
- 0.84 6 HR o -1.67 2 HM
Seed nursery Jiyu 67
478 N13-498 5L 4430-20
0. 81 7 HR -1.65 3 HM
Hejiao N13498 Ke 4430-20
JBELTT
0.76 8 HR TBD -1.19 4 M
Heike 77
B 43 5 TR
0.62 9 R -0.99 5 M
Heihe 43 Hailunduludou
B4 5 B 15
0.59 10 R -0.86 6 M
Heihe 4 Heihe 15
JRIT 48 FH 14
0.59 11 R -0.84 7 M
Heihe 48 Mengdou 14
SR 27
0.54 12 R

Heihe 27
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Table 6 The comparison of densification resistance resources identified by the two methods
i 25 T8 %L Mi 1% TS A D HE
Mi of resistance to dense index Comprehensive D value method for PCA
[y ifif 5 HE44 i AN 1§ 5 4
vt i Evaluation Ranking hvai D {8 Evaluation Ranking
i
Variety of density of density Variety D-value of density of density
tolerance tolerance tolerance tolerance
SRl ] TREE2 S
0.05 HR 1 2.65 HR 1
Seed nursery Zhongkemaodou 2
BT g
SRR 0.12 HR 2 ks 1.35 HR 2
Mohe county fodder soybean Sakamoto precocity soybean
JbsE 1
0.26 HR 3 NO7 1.12 HR 3
Beijiang 1
R 49 R 44
0.29 HR 4 0.97 HR 4
Heihe 49 Heihe 44
PR3 I 49
0.30 HR 5 0.90 HR 5
Heihe 3 Heihe 49
A28 N13-333 Pl
0.38 R 6 0.84 HR 6
Hejiao N13-333 Seed nursery
WA 4372 N13-498
0.39 R 7 3 0.81 HR 7
Sakamoto precocity soybean Hejiao N13498
SR 44 B TT
0.41 R 8 0.76 HR 8
Heihe 44 Heike 77
PRET2 5 AR 43
0.42 R 9 0.62 R 9
Zhongkemaodou 2 Heihe 43
T 4
HLTI 0. 44 R 10 0.59 R 10
Heihe 4
BRF13 JE 48
0.44 R 11 0.59 R 11
Kenfeng 13 Heihe 48
AR 30 27
0. 46 R 12 0.54 R 12
Heihe 30 Heihe 27
NO7 0.48 R 13 HLT8 0.50 R 13
43 A28 N13-333
0.48 R 14 0.49 R 14
Heihe 43 Hejiao N13-333
5z 09-95 [EEXY)
0.49 R 15 0.47 R 15
Ke 09-95 Hefeng 42
18 T 6
0.50 R 16 0. 46 R 16
Heihe 18 Heihe 6




454 K G R 41

KT AHAERLEETTHERRLLE

Table 7 The comparison of the two methods to identify the impermeable density resources

TR 254 4 Mi 7 ik

Mi of resistance to dense index

FWAr LR DTk

Comprehensive D value method for PCA

ifi % PEAY it % HE 44 i VPR i %% 1k 44
SR 44 R ] Evaluation Ranking MR D {8 Evaluation Ranking
i
Variety of density of density Variety D-value of density of density
tolerance tolerance tolerance tolerance
i, 4430-20 NEGE
1.24 HM 1 -1.85 HM 1
Ke 4430-20 Xiaobaidou
£ 4% 60-1 HH 67
1. 16 HM 2 -1.67 HM 2
Henong 60-1 Jiyu 67
i, 4430-20
TBD 1. 16 HM 2 -1.65 HM 3
Ke 4430-20
NS sA
1.15 HM 4 TBD -1.19 M 4
Xiaobaidou
£ 60-2 TEAR ARG 2
1. 05 HM 5 -0.99 M 5
Henong 60-2 Hailunduludou
SPH 71 B 15
1. 05 HM 5 -0.86 M 6
Jinyuan 71 Heihe 15
5 E 14
HLT4 1. 05 HM 5 -0.84 M 7
Mengdou 14
M/, o) N 7] AN N £y 2R =1
3w VPO A5 5 R R TLAS A6 08 i 25 A R S o

KRG B N 5o 8 4, W & ST b
RSt MR 2 I B HAE ., 8 4, 76 5 % B2 W 4k 21
L PR S B bR R G R K, B R
TVREARRCE: , (A A 2, PN I, Tt 25 P F ST
0 S e A R 7 B 5 R B B P O R0
LY, AR EMER XA RO B RO W K, B R I 3a
AR Aol A R e A A A 20 4 A, R R A 3 X
BOCPE . 8% R W 38 A8 K T R D | 4 B R
L3 L5172 1 s ERTINT =12 8 [ S NI o A K g L
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