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Identification and Analysis of Phenotypic Traits in Soybean
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Abstract: We have studied the agronomic, yield and quality traits of 151 soybean accessions for 2 years and analyzed with the
method of ANOVA, correlation and cluster analysis. The results showed that the coefficient of variation ( CV) of germplasm of
soybean based on phenotypic traits were 6. 50% -52. 03% and 6. 71% -50. 90% , respectively. Agronomic traits and production
were significantly different between cultivars except for number of seeds per pod. The results of correlation analysis indicated
that yield correlated significantly positively with all phenotypic traits except effective branch number and protein content. The
results of principal component analysis of 14 traits suggested that these traits might be reduced into 4 comprehensive indexes

(yield traits factors, growth factors, grain weight and adipokines factors, plant type and protein factors) , whose cumulative
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contribution rate accounted for 78. 088% , reflecting basically the growth, yield and quality status of soybean.

Keywords: Soybean; Phenotypic traits; ANOVA analysis; Correlation analysis; Principal component analysis
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Table 1 The tested soybean cultivars

i g Fh P24 R i FE A YR Y uiE e A4 AR MR P
Sample No. Variety Geographical origin Sample No. Variety Geographical origin

7001 N09 & [ 72077 VU LS

7002 195 N 7078 BRIEDURL B K

7003 Wilkin FH 7079 W 13 bk

7004 BT fiey 7080 INEEE i)

7005 Proto XH 7081 N S
7006 KA 434 Ly AU 7082 NG bk

7007 RS = 7083 JER IR
7008 Fil6 5 2T 7084 REWHY s

7009 &35 LEy/ RN 7085 iR B
7010 LIWATIPN bk 7086 BRI S SES
7011 A 35 IR 7087 2 38 FBIEIT.
7012 HE 67 K 7088 BAs 5 BT
7013 Ji i 03311 HIEIT 7089 11 HEIT
7014 B 11 HIpIT 7090 3¢5 14 i
7015 IR 15 LEy/ AN 7091 5530 SEnn
7016 k6 2T 7092 2ok 44 2T
7017 INRIFR B L IR 7093 e 48 FBIEIT.
7018 JLFE A ORI 7094 A 53 BRI
7019 Magnolid ( 3%) *H 7095 A 56 B
7020 Bell ESE| 7096 ok 58 BB
7021 Boige du lot el geronne i [ 7097 e 53 EY/AIN
7022 CN 210 EgE| 7098 R4 9602 B
7023 Hack B 7099 &3 25 BRI
7024 Harosoy %H 7100 450 Sy RN
7025 Hodgson e 7101 &F 47 BIEIT
7026 Hodgson 78 £ 7102 &3 52 BRI
7027 164-1067 ESS| 7103 AFESS BT
7028 L66-707 ESE| 7104 4358 IR
7029 167225 %H 7105 BF16 Ly AU
7030 169-6095 e 7106 BF20 IR
7031 172-1138 ESE| 7107 RE26 IR
7032 172D-4045 %H 7108 410 EY/AIN
7033 1814075 e 7109 e 14 B
7034 1.83-4387 ESE| 7110 4 26 ORI
7035 1904711 %H 7111 ;e 25 EY/AIN
7036 15201 e 7112 FH2 5 HSE
7037 MTJ9911-1 NE 7113 FE15 e
7038 Nova BE=ARA) 7114 W55 SE
7039 $8201 ESE| 7115 Achir ESE|

7040 T295H ¥ 7116 Decabig EH

7041 Weber Eg 7117 KA 13 BTN
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Sample No. Variety Geographical origin Sample No. Variety Geographical origin
7042 MR E Tk 7118 E 12 EoN
7043 B[A/NS EEN 7119 HR9 5 ER
7044 T Ly 7120 Kk 14 H
7045 HRE T G 7121 KA 15 K
7046 P3SN SN 7122 e 14 AR
7047 BT E 7123 e 11 0N
7048 PEF KL SEn 7124 bk 44 Hbk
7049 KRR T SES 7125 b 49 Hk
7050 nHngs bk 7126 HES3 HHK
7051 ER i e LIPS 7127 HE 72 EYN
7052 FIERET BT 7128 E=HE 79 bk
7053 Fo 4t L 7129 #A 8l L
7054 N 03-5570 B 7130 HE 82 A
7055 NI 03-7239 bk 7131 89 kK
7056 AT 04-L15 R 7132 Judk 26 &
7057 BH 25 FIEIT. 7133 Juge 27 bk
7058 MoRIN 2 5 PSS 7134 Jufe 28 K
7059 BT 41 "2 W 7135 TH 26 fit
7060 B2 5 LSRN 7136 529 files
7061 ISR VN A R 7137 BHE 19 Ly
7062 FE R bk 7138 Wi 22 17
7063 LN bk 7139 i 34 T
7064 HHR20 Fk 7140 Bk 46 T
7065 bk 30 RN 7141 % 02064-17 a7
7066 EHH 57 PN 7142 i 30 b
7067 461 fie 7143 i 35 Jes
7068 B 4-1 T 7144 RE6 5 .
7069 ENIEES RIpIT. 7145 TH4E FE
7070 Juk 21 G0N 7146 i 13 dt5e
7071 ANTREE N 7147 BRE1S s
2072 AR L7 7148 FRE 15 SES
7073 HELS I 7149 FRE2 5 e
7074 HO ey AR 7150 7% i S
7075 R BT 7151 HE 86 B
7076 ARG 15 Pe[E ]

1.2 R@igit

R E T 2011 4E 4 H 30 HA2013 4F 5
A1 H BT RERTE R T N 5 R BO B B il g
K. MUK AR, 3 IREE, /X 3 17,
7K 3 m, f7HE 0. 45 m, RARIEEAT, 5 10 em AT
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Table 2 Description statistic of agronomic traits, yield and quality traits of 151 soybean germplasm

FEAR Yl YN S Bz bR Mz i LS
Trait Year Mean Min. Max. Range Std. Skewness Kurtosis CV/ %
FFAE 2011 40. 11 27.0 61.0 34.0 6.29 0.42 0. 64 15. 68
FT/d 2013 42.99 30.0 63.0 33.0 6.23 0.50 0.97 14.49
EEM 2011 119.77 96.7 139.3 42.6 10. 18 -0.30 -0.86 8.50
GP/d 2013 124.26 100. 1 144.1 44.0 10. 52 -0.37 -0.92 8.47
/= 2011 82.96 50. 1 113.8 63.7 14.39 -0.16 -0.72 17.35
PH/cm 2013 85.07 49.5 135.5 86.0 15.99 0.08 -0.45 18. 80
e 2011 11.99 3.0 26.2 23.2 4.72 0.72 0.07 39.39
BPH/cm 2013 12. 89 4.6 28.6 24.0 4.20 0. 89 1.50 32.58
FZENH 2011 12. 88 9.3 18.3 9.0 1. 87 0.42 -0.49 14.51
PNP 2013 13.56 10.0 17.6 7.6 1.76 0.33 -0.74 12.97
BRI 2011 1.74 0 4.4 4.4 0.91 0. 69 0.11 52.03
EBN 2013 1.68 0 5.0 5.0 0.85 1.03 1. 86 50.90
PARRA R 2011 42.29 21.7 85.6 63.9 10. 90 1.27 1. 80 25.78
EPP 2013 47.81 28.4 81.6 53.2 9.55 1. 04 1.30 19.98
PARRARLEL 2011 100. 32 55.8 194.3 138.5 22.80 1.11 1. 82 22.73
GNP 2013 107. 55 62.4 202. 4 140.0 20. 95 1. 12 2.59 19. 48
iRV AR 2011 17.42 10.7 23.4 12.7 3.22 0.24 -0.80 18. 48
GWP/g 2013 18.74 10. 8 26.6 15.8 3.10 -0.24 -0.09 16.57
BRI 2011 2.39 1.9 2.9 1.0 0.16 -0.06 0.78 6.50
NSP 2013 2.26 1.8 2.6 0.8 0.15 -0.14 -0.16 6.71
HHRLE 2011 17. 84 6.7 26.8 20. 1 2.94 -0.64 2.08 16. 50
HSW/g 2013 17.87 6.2 27.2 21.0 2.98 -0.62 2.47 16. 65
Fei 2011 2620. 27 1646. 92 3535. 82 1888. 90 487.45 0.34 -0.90 18. 60
YLD/kg-hm -2 2013 2878. 68 1656. 80 4012. 37 2355.57 437. 64 -0.22 0. 00 15.20
e W5 & & 2011 20.72 15.6 24.6 9.0 1. 84 -0.69 0.14 8.90
0C/% 2013 20. 58 15.6 23.8 8.2 1. 89 -0.77 0.07 9.19
HHER 2011 39.72 33.8 47.1 13.3 2.83 0. 40 -0.39 7.13
Pro/% 2013 39.78 35.1 46.5 11.4 2.83 0.55 -0.39 7.12

FT.GP .PH .BPH ,PNP EBN EPP GNP GWP NSP HSW YLD ,OC . Pro 233l &M A B Ak JEIEmE  FZETER AR 0
BRA R BRI BRMORIEE R SORIE . TR E | B TR IR R S BRSO S , TIE

FT: Flowering time; GP: Growth period; PH: Plant height; BPH: Bottom pods height; PNP: Pods number per plant; EBN; Efficient branch num-
ber; EPP. Efficient pods per plant; GNP: Grain number of single plant; GWP: Grain weight per plant; NSP: Number of seeds per pod; HSW: 100-seed
weight; YLD: Yield per plot; OC: Oil content; Pro: Protein content; The same below.
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Table 3 Analysis of variance for fourteen phenotypic traits in 151 varieties in two years
PEIR 5 S e YR A e il ¥75 F{H P1{A
Trait Variation source df SS MS F value P value
JFAEM FT AE{5y Year 1 629. 457 629. 457 16.064 * * <0.0001
it Varieties 150 11286. 755 75.245 10. 348 * * <0.0001
HEEHW GP A4Sy Year 1 1525.727 1525. 727 14.233" <0.0001
Sl Varieties 150 31994. 270 213.295 19.058 " * <0.0001
i PH 4y Year 1 1238. 611 1238. 611 5.351" 0. 0390
fhFh Varieties 150 66501. 782 443.345 20.401 " " <0.0001
I E BPH A4Sy Year 1 211. 691 211. 691 10.593 " 0.0010
fhFh Varieties 150 5210. 847 34.739 6.204" " <0. 0001
FZEF% PNH EAS) Year 1 10. 070 10. 070 3. 060 0. 0810
S b Varieties 150 826. 634 5.511 4.258 " <0.0001
AR5 EBN AE{5y Year 1 0. 286 0. 286 0.369 0. 5440
fhFh Varieties 150 221.983 1. 480 20.250 " * <0.0001
AR R IE S EPP A4Sy Year 1 2300. 957 2300. 957 21.898 " * <0.0001
il Varieties 150 29650. 199 197. 668 7.153** <0.0001
bR GNP 40} Year 1 3951. 450 3951. 450 8.243** 0. 0040
i b Varieties 150 135669. 810 904. 465 11.295* <0.0001
PRk B GWP AE4)y Year 1 131. 435 131.435 13.142* <0.0001
fhFh Varieties 150 2755. 181 18.368 7.364% <0.0001
BFJERIEL NSP Ay Year 1 1.311 1.311 55.623 " " <0.0001
il Varieties 150 4.439 0.030 1.133 0. 2230
H kL HSW Fy Year 1 0. 086 0. 086 0.010 0.9210
ShFh Varieties 150 2607. 519 17. 383 122.402 " <0.0001
Fe& YLD A4Sy Year 1 5041577. 339 5041577. 339 23.496 " * <0.0001
il Varieties 150 59033138. 25 393554. 255 5.726 <0. 0001
Jie i & OC A0} Year 1 1.516 1.516 0. 434 0. 5100
ShFh Varieties 150 1031. 654 6. 878 60.380 " " <0.0001
FEHE &R Pro AE5y Year 1 0. 286 0. 286 0. 036 0. 8500
it Varieties 150 2369. 495 15.797 67.201* " <0. 0001

0. 00 BRI 7005 REFEKFE T,

** . Represent significance at 1% probability level ;
2.3 151 N REFMET 14 AR E B8 K55 17
J T HE— T 14 DB IR A EOCR
X151 AN RGR 14 ASHARIATAE M (£ 4) .
SERRWT, AR 5 4 5 0 A 3 R AR O, PR
i =0 AN N T O S S S N R R T
AR RARRLEE i S TR A B I R
FIEMIC BRI & & ISR S e EF 2

" Were signiﬁcance at 5% probability level. The same below.
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Table 4 Correlation analysis of fourteen phenotypic traits in 151 varieties

Trait Fp GP PH BPH PNH EBN

GNP GWP NSp HSW YLD 0ocC Pro

FP 1
GP  0.851"" 1
PH  0.586"* 0.692"* 1
BPH 0.665"* 0.655"" 0.584"" 1
PNH 0.508" " 0.576™ " 0.661** 0.497"* 1
EBN 0.150"* 0.176" " 0.383** 0.095 0.224** 1

EPP  0.201"* 0.204*" 0.318*" 0.088 0.328"* 0.572"*

0.497*  0.095 0.088
0.224** 0.328"* 0.330"* 0.340"* -0.095 -0.084 0.344** -0.032

0.572** 0.572**  0.075

0.851"* 0.586*" 0.665"* 0.508"* 0.150"* 0.201** 0.173** 0.214** -0.120" -0.016 0.220"* -0.222" " 0.157"*
0.692** 0.655"* 0.576"* 0.176"* 0.204** 0.173* " 0.286" " -0.150"* 0.044 0.287" " -0.224** 0.089

0.584"* 0.661"* 0.383"" 0.318"* 0.303*" 0.249"* -0.120" -0.133" 0.242"* -0.176* * 0.076

0.0 0.213"* -0.012 0.04 0.206"" -0.166"* 0.087
-0.037
-0.146" -0.501** 0.072 -0.224** 0.038

0.953"" 0.460" " -0.427* *-0.572**0.476* * -0.057 -0.041

GNP 0.173** 0.173** 0.303** 0.090 0.330"* 0.572" " 0.953" " 1 0.462" " -0.148" *-0.620" *0.470* * -0.067 -0.002
GWP  0.214"* 0.286"* 0.249"* 0.213"" 0.340** 0.075 0.460" * 0.462" * 1 -0.148770.356" " 0.994"* 0.202** -0.112
NSP  -0.120" -0.150* * -0.120* -0.012 -0.095 -0.146" —0.427* *-0.148 " *-0. 148 * * 1 0.008 -0.180"* -0.027 0.129*

HSW  -0.016 0.044 -0.133" 0.04 -0.084 -0.501" *-0.572" *-0.620" *0.356* *  0.008 1 0.3499"* 0.182** -0.036
YLD 0.220"" 0.287"" 0.242"" 0.206" " 0.344"* 0.072 0.476" " 0.470" " 0.994"* -0.180" *0.349 " * 1 0.194** -0.110
0C  -0.222""-0.224""-0.176* "-0. 166" * -0.032 -0.224** -0.057 -0.067 0.202** -0.027 0.182"* 0.194" " 1 -0.784" "

Pro  0.157** 0.089 0.076 0.087 -0.037 0.038

-0.041

-0.002 -0.112 0.1299* -0.036 -0.110 -0.784" " 1
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FORR I & e, SRR,
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Table 5 Eigenvalues (E), contribution rate (CR), and cumulative contribution rate ( CCR) of first four principal

components based on 14 phenotypic traits in 151 varieties

FEsr FHIEE
Principal components ( PC) Eigenvalues (E)
1 4.623
2 2.504
3 2.415

4 1.390

DTHREE LA es
Contribution rate (CR) /%  Cumulative contribution rate (CCR) /%
33.023 33.023
17. 884 50. 907
17.249 68. 157
9.931 78. 088
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Table 6 Power vector (PV) of first four principal components based on 14 phenotypic traits in 151 varieties

Pk HF1 M2 HF 3 T4

Trait Factor 1 Factor 2 Factor 3 Factor 4
FFAEI FT 0. 700 0. 496 -0.126 -0.123
HEHH GP 0. 585 0. 505 -0.059 -0.135
& PH 0. 686 0.274 -0.148 0. 394
JiE Y47 B BPH 0.202 0.534 -0. 060 -0. 166
F22£95 %5 PNH 0. 683 0. 207 0. 048 0. 296
AR 8 EBN 0. 506 -0. 445 -0.384 0.275
YUBRAT RS EPP 0.748 -0. 664 -0.047 0.079
Bk $ GNP 0. 767 -0.658 -0.086 -0.223
Hbfoki B GWP 0.712 -0.098 0. 686 -0.213
IR KL NSP -0.283 0.220 -0.132 0. 062
HRLTE HSW -0.227 0. 581 0. 648 0.112
Jig 1 2 1 OC -0.174 -0.222 0.715 -0. 546
H A Pro 0. 063 0.265 -0.571 0.711
FE YLD 0. 590 -0.109 0. 683 0. 398
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