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Phenotyping Identification and Comprehensive Evaluation of Fresh Spring
Soybean Germplasms in Jiangsu Province

LI Song-song'*, LAI Jian-jun’, ZHANG Hong-mei’, CUI Xiao-yan’, LIU Xiao-ging’, CHEN Xin®, ZHU Yue-lin',
CHEN Hua-tao’

(1. College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2. Institute of Industrial Crops, Jiangsu Academy of Agricultural
Sciences, Nanjing 210014, China; 3. College of Life Sciences and Food Engineering, Huaiyin Institute of Technology, Huai'an 223003, China)

Abstract: To make better use of vegetable soybean germplasms, discover potential excellent natural variation, and enrich
fresh spring soybean germplasms, this study analyzed ten descriptive traits and eleven characteristics of 45 fresh spring
soybean germplasms. The variation analysis, correlation analysis, principal component analysis, cluster analysis and
comprehensive evaluation were carried out, and the disease resistance and taste quality were identified. The results of
variability analysis showed that there were abundant variations among the eleven numerical traits, with the number of variations
ranging from 2. 77% to 31.57% . Among them, the coefficient of variation of bottom pod height was the largest, and the
coefficient of variation of kernel rate was the smallest. Correlation analysis showed that plant height was significantly positively
correlated with effective branches number, the number of main stem nodes, and the growth period. The number of effective
branches was significantly positively correlated with the number of main stem nodes. The growth period and base pod height
were significantly positively correlated. The number of main stem nodes, and the 100-seed fresh weight showed a very
significant negative correlation. The 45 accessions were grouped into four major groups by the method of the sum of squared
deviations, among which group II had the best comprehensive traits. The disease resistance analysis showed that 37
germplasms showed resistance to SMV SC3 strains, 33 germplasms showed high resistance to SC7 strains, and 20 germplasm
showed resistance to both SC3 and SC7. The principal component analysis showed that the cumulative contribution rate of
principal components such as plant type factor, growth period factor, yield factor, and kernel rate factor reached 66.65% .
According to the contribution rate of the principal component value and its corresponding characteristic root value, the
principal component comprehensive score of each variety was calculated, and the germplasms with the highest comprehensive
score, yield traits, and disease resistance were comprehensively analyzed, JS-19, JS-28, JS-32 and JS-33 were screened out,
which can be used as backbone parents for the selection of new fresh spring soybean varieties for innovatively breeding.
Keywords : fresh spring soybean; phenotyping; cluster analysis; principal component analysis; comprehensive evaluation
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F1 XKEmMNAZEMHESHENIENIRE
Table 1 Standard of soybean varieties’ resistantance to

soybean mosaic virus

BN S 45 %L DI
Resistance evaluation Disease index
4 Highly resistant( HR) DI =0
T Resistant (R) 0 < DI<20
HF4T Moderately resistant ( MR) 0 <DI<35
1B Moderately susceptible (MS) 0 <DI<50
J&% Susceptible (S) 0 < DI<70
= /8% High susceptible (HS) DI >70

1.3 #HESH

K H Excel 2019 T3 8088 08 A v 22 AR
SR, SPSS 26. 0 43 5l XF H(E 7 3% A PR R
FTAHOCHE RN AT 20 BT, IF 1545 L5154 Fl 25

AR F AR, R ER B 5 22 J7 A ik
Xt 11 ANEE B EMIR B AT R I

2 HZREHH

2.1 HREEXEMRZEEKRESERENR

MRIEGETEER 45 Oy B K 0 R BT IR AE AL
o RGN R4 S o) P R T A Mk
LRI F A e WER K BRI AR 4
M RBIE it = B0 R A FNR AR (65 AT
B €05 Ry E e (o A 1 JS42 ~ JS45 3t 4 ) B
RIS B A LA RIS ; A 1S40
T g 0, R I R RSk (0, JLAy 44 {3 o R €6 3R 30 K
s, ARG BT, 12 By B 4, Ho A gt
RS AR ISR A 9, Ui 70% DL - B F KT
FhTUGE R TR BN R TG (£ 2) .
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Table 2 Plant morphological characters of 45 fresh spring soybean germplasms

MEgS el R HEM Mg Jhe (@ bR} BRAL E¥EIME RO etk -
Material ~ Flower  Leaf  Pubescence Seed coat  Hilum Seed Plant Podding  Ripen pod Pod Tas:

No. colour  shape colour colour colour shape type habit colour splitting

Js-1 SR, il KE 53] Hi {6 i s AR B R A
Js2 S, il KE 23] Hi {6 i s AR B R A
JS3 [EF/ KT 23] HE ] s AR e R B
JS4 HAE W KT g #fa A st AR B R A
S5 SV, KT g Mot o, i st R B R A
156 SV, KE g et o i st g1 B R A
87 SV ] RE g ) i 185 AR B R B
S8 SN KE £ ) Hi {6, i st A B AR R B
159 HAE W KE i) H D, i st =1 B REde A
J$-10 HAE Ml KE i) B 6, i & =1 B R A
Js-11 HAE W KE 53] B {f, i st AR W REE A
Js-12 HAE W KE £ L) gyl i st AR HHE REE B
J8-13 [P ] KE i) H At i 185 AR Py R A
Js-14 SR ] RE e qic) B 6, i sk AR W REE A
Js-15 SR ] RE Esqic) to i) i s AR W REE A
Js-16 SN ] RE gl Hif, i s EEi Hih, REde B
Js-17 FAE M KT o) Eg) 5] sk EE i ) R A
Js-18 FAE M KE o) H {6 i 5 sk e AR R A
JS-19 SV, ] KE o) H G i sk e B R A
520 FAE M KE 23] H G i sk kR R Rz A
Js21 SR/ {7 KE £ gy 11 sk AR A N B
1822 [EP/ A {7 KE £ gy 115 sk AR H ANHHE A
Js23 SR/ KT E g #fa, ] s AR we R A
524 HAE M KT g #fa A s AR R R A
825 SV, KT g #fa, i s R #fa, R B
JS-26 SV, KT g #fo, i s R B R A
Js27 HAE W KE g #fn i 185 R B R B
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MRS Een R HEREO KA 30 iy BREL 43I RESER G RN .,
Material ~ Flower  Leaf  Pubescence  Shell Hilum Seed Plant Podding  Ripen pod Pod o

No. colour shape colour colour colour shape type habit colour splitting

Js-28 HAE M KE ) i) i 15 sk AR e R A
1529 HAE M KB 2300 G0 i Lheiy AR W A A
1530 SR KE 2300 A 115 sk AR W N =3 B
1831 HAE M K 23 A il sk AR L U= A
1532 HE R K 2300 Eig i) i sk AR W e A
1533 HAE M KE 2300 Eig i) i Lheiy AR W N =3 B
1534 FAE M K 2300 W@ 115 sl AR W R A
835 [SPZAN. ] KT 230 Eg ) il Wk AR W RHE A
1536 [SPIAN. 5] JKE 2300 Eig i) i sk AR W e A
1537 SV ]l KE 2300 G0 il Lhesiy AR W A B
JS-38 [SPIA. 15 KE Lr(n ) T 153 Wk AR e R A
539 [SPIAN. ] KT 230 W@ il Wk AR W AHE A
1S40 [SPIAN. ] K W@ Wt @ il sk AR W e B
1S41 [SPIA. 5] KE Lr(n A i sk AR we N A
1S42 HAE M KE Lr(n ) T 153 Bk AR e - A
JS43 SV 13 KE 230 W il B AR Ha @ AEEFE A
Is44 HE KE Lr(a g i B AR W e A
1s45 [SPIA. 1] KE Zr(n 3] il ik AR W AR A

2.2 HAEKEMRARAETERZHRTROMH 2.77% o HARS RENKEIMEB N K= JE >

W33 Prn, 11 AEERZHERBFEEFEEN R > A8 > BREE > fémﬁz > B AL
e HPE S A B R R OR, N 31.57% ; H BEER > HRLTER > 9 > f;‘%t% >HEFEH > %,
W MR R AR R BOR PR R SE TR, 4y BN DEE 45 O TR R 9 R SR B R R B AR 2R G 22
26.11% 24.05% H123. 41% ,fof T4 — . = DUfi; S FEOE IR IR B bR A R0 BRSO LR e
A B AR A 5 RBUR /DN, 50 3 4.86% F1 EEAFGIHRH,

R3 S HELGEXEHRFREIERZUERERFR

Table 3 Variation of main agronomic characters of 45 fresh spring soybean germplasms

LEN ) ¥iE b2 5 5 R AL

Trait Range Mean SD CV/%
FE 5 Plant height/cm 18.40 ~ 67.10 43.35 11.32 26.11
A5 3053 B8 Number of effective branches 1.60 ~4.20 2.66 0. 64 24.05
F=2£95% Main-stem node number 6.60 ~ 14.20 9.96 1.61 16.21
"4 E W Growth period/d 75.0 ~ 87.00 80. 47 3.91 4.86
JEEJE T BE Bottom pod height/cm 4.80 ~21.20 11.89 3.75 31.57
3K Pod length/cm 5.10 ~ 6.82 6.04 0.36 6.02
YETE Pod width/cm 1.20 ~ 1.60 1.36 0.09 6.83
HARRIETE Seed weight per plant/g 60.96 ~ 186.38 114.86 26.88 23.41
T Riff F 100-seed fresh weight/g 63.80 ~ 109.20 81.40 11.85 14.56
TR T 100-seed dry weight/g 25.10 ~ 39.94 33.78 3.03 8.96

1473 Shelling percentage/ % 50.17 ~ 56.03 52.73 1.46 2.77
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2.3 HREXEWMRZETERZHEREXSH
Mg 4 PR, 11 AR SR 2 81716 — 5 H A
Kk, Hrbbkm 56 800 B8 EX T BAAEF N
SR IEARDC SR B 3 0. 410,0. 566 Fl
0.553; SR IEm B MpARIE R 2 B E EM, 5H
i 2 I 2 A OC A RO B S E R R AR
BEIEASE MR KON 0. 390 4 F W1 5 K 8w i

AR EARDG MO RECR 0.625; IRFEHE S H
o fif 75 G OROR OG5 R 2R RS ok e A
A M RN —0.476, X FH B PR (1
I, AR AR R WS R e A k(R
Tei) s Xof PR T A G TR R, A, SR 5 3T R
RO s JE 58 5 R i T At IR A G, A G
FH0N 0. 469 3 [k EE 5 T S A,

x4 HAFREMREZE I DREEREPEXRY

Table 4 Correlation coefficient among eleven agronomic traits in vegetable spring soybean germplasms

IR B
Trait No. X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
X1 1.000
X2 0.410** 1.000
X3 0.566 " * 0.390 " * 1.000
X4 0.553** 0.252 0.199 1.000
X5 0.372* 0.220 0.148 0.625** 1.000
X6 0.069 -0.083 -0.225 0.145 0.236 1.000
X7 -0.117 -0.008 0.018 -0.165 -0.074 0.349* 1.000
X8 0.317* 0.153 0.229 0.164 0.019 0.287 0.054 1.000
X9 -0.352" -0.216 -0.476 " -0.184 -0.294 " 0. 141 0.469 " * -0.024 1.000
X10 0.064 0.029 -0.109 -0.079 0.050 0.260 0.167 0.127 0.331°" 1.000
X11 -0.245 0.000 -0.071 -0.082 -0.198 -0.285 -0.010 -0.082 0.180 0.049 1.000
T " R SRIFRAE 0..05 F10. 01 AT AR,
Note: ™ and ™ * indicate significant difference at 0.05 and 0.01 level, respectively.
24 HEEXEMRABREERZERERS  EHMMEE,X 4 DFRS AT 45 HEEEHERD
ST o ot B 5 E AR 2R G A st A AR B, o &
2.4.1  EmEH4A X1 AR ERS S B 1 BRREHE R TTEREE R R, 5 2. 931% Fil

BT, 45 21 PR 28007 R 5 A0 R AIE AR 5 5% 7 A9 R o) 2
MIZERUNZR 5 FTon ., 76 B A 19 32 08 4 #) i v 45 31
4 AMFFEER T 1 BT, H R BTTERCR N
66.651% ,FHIFIRT) 11 MR EMARIER LN 4 4

27.103% ; HR K55 2.3 .4 F W57, FeEAE 53 91 ok
1.939,1.318 Fl 1.093, 51 #k & 43 5 24 17.628% |
11.986% F19.934% , K& F 5 1 ~4 fE RN fEE
BRKELGEETER

®5 BREXEMRZREZRZUHERNENS REFHIEAE

Table 5 Principal components and eigenvectors of major agronomic traits in vegetable spring soybean germplasms

PEAR TS 1

Trait Main factor |
FR7E Plant height/cm 0.093
R FE Number of effective branches 0.062
FZEF7% Node number of main stem 0.075
HF W Growth period/d 0.078
JKIERE Bottom pod height/cm 0.070
3K Pod length/cm 0.004
€9 Pod width/cm -0.030
PARRIETE Seeds weight per plant/g 0.037
BhifEEE 100-seed fresh weight/g -0.072
BRI E 100-seed dry weight/g -0.014
H{73R Shelling percentage/% -0.033
BAF{H Characteristic value 2.981
TiHkZ Contribution rate/% 27.103
ZFBTHL Cumulative contribution rate/% 27.103

T2 FH5r3 F s 4
Main factor II Main factor Il Main factor IV
0.041 0.099 -0.006
-0.001 0.252 0.181
-0.052 0.289 -0.170
0.052 -0.169 0.341
0.069 -0.260 0.286
0.214 -0.155 -0.167
0. 156 0.195 -0.089
0.109 0.210 -0.238
0.126 0.097 0.227
0.151 0.139 0.258
-0.070 0.220 0.544
1.939 1.318 1.093
17.628 11.986 9.934
44.731 56.718 66.651
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Table 6 Factor loadings matrix after rotation

LEZON Fas 1 FHisr 2 FHG3 FEHSr 4

Trait Main factor [ Main factor Il Main factor Ill Main factor IV
Pk Plant height/cm 0.704 0.457 -0.072 0.166
AR Number of effective branches 0.655 0.240 0.038 -0.233
F 25958 Node number of main stem 0.844 -0.010 -0.243 -0.005
HEF W Growth period/d 0.220 0.847 -0.053 0.021
JE3E B Bottom pod height/cm 0.074 0.863 -0.052 0.150
YK Pod length/cm -0.116 0.259 0.515 0.644
JE5E Pod width/cm 0.072 -0.236 0.672 0.178
FRRIETE Seeds weight per plant/g 0.534 -0.032 0.299 0.333
ERLE L 100-seed fresh weight/g -0.367 -0.192 0.729 -0.167
TR T 100-seed dry weight/g 0.039 0.128 0.681 -0.085
H1{7=# Shelling percentage/% -0.054 -0.076 0.179 -0.826

2.4.2 ERAHEE K 1 AAREIEIREFE IS
PEATFRUEAL AL 38, 345 11 20 38 br AL B ZXT ~
ZX11 383 4 A F R STRR AR ) 2, ST 4 A
TR SR TR, R 1503 36k,
MFI =0. 093ZX1 +0. 062ZX2 + 0. 075ZX3 +
0.078ZX4 + 0. 070ZX5 + 0. 004ZX6 - 0. 030ZX7 +
0.037ZX8 —0.072ZX9 —0. 014ZX10 —0. 033ZX11
@F2 =0. 041ZX1 - 0. 001ZX2 - 0. 052ZX3 +
.052ZX4 + 0. 069ZX5 + 0. 214ZX6 + 0. 156ZX7 +
.109ZX8 +0. 126 ZX9 +0. 151ZX10 -0. 070ZX11
@F3 =0. 099ZX] +0. 252ZX2 + 0. 2897X3 -
.1692X4 - 0. 260ZX5 - 0. 155ZX6 + 0. 195ZX7 +
.210ZX8 +0.097ZX9 +0. 139ZX10 +0. 220ZX11
@F4 = —0.006ZX1 +0. 181ZX2 - 0. 170ZX3 +
.341ZX4 +0. 286ZX5 — 0. 167ZX6 — 0. 089ZX7 —
.2387ZX8 +0.2277ZX9 +0. 258 ZX10 +0. 544ZX11
2.4.3 AN 4 A FRUTTERER S BIBR LA
FRTTER AR 4 A F R AL, 43 3k 0. 407,
0.264,0.180 #10. 149, XFAE S TIH—FLALFE , #2
P4 T AR E A 45 ) £ 75 R b S R
LR ERUMA (F) 258 F 0 F AR RN R Befh
TR G HERAIL R, F A BOR U8 B SR A 25 5 MR

o O

o O

o O

U, VAZES R E (F) X £ KGR o 9 YR ik
LAV, FUH B SR G A L4515
4%, ®F =0.407F1 +0.264F2 +0. 180F3 +0. 149F4
SRIGIRIELR AR RN R HE 7, HAR S b 46
RIENFR 7, LA 15 - HELETT 10 A/ R BT 55 5 A
JS-19 JS-33 . JS-41 . JS-17 .JS-21 . JS-23 . JS-32 ,]S-10,
JS-5 F1 JS-28.,

MR 7 FroR 78 45 Dyt A KGR oo i~ &
PRIRFRIE L 6 47 & 7~ mHAERT 7 A2 /90 1S-33
JS-4 . JS-32, JS-25 ., JS-14 ., JS-28 K JS-19, 4 5l Ky
96.9,95.6,85.2,82.0,74.7,74.1,71.6 kg-hm 2,
0F 43 S BE B 77 130. 50% (127. 33% .102. 60% .
95.10% 77.76% 76.21% 1 70. 32% ; kLR A4 7
HHETERT 7 (2 AYA JS-33 JS-4 . JS-32.JS-25 JS-19 JS-
23 H1JS-28, 73051 °H 52.5,49.3,43.5,43.2,38.8,38.5
F138.4 kg-hm ™ SEFFARLHEG FE 23 138 7 128. 43% |
114. 45% 89.30% 87.97% .68.51% .67.51% 1 67.15% .
VLR BAF I HEAE AT 10 47 B9 Fh B9 IR 5 7= otk
AR S FP T S IR AT A R B LR A A9 A ST B
BAF R R B9 IR 1S-19 JS-28 JS-32 Al JS-
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Table 7 Main factor scores, comprehensive scores and yield performance of vegetable spring soybean germplasms

fif 3 Fresh pod

e ¥ K7 Fresh seed

B Ga i arit BERPRAT &7 it
Material  Fl F2 %) F4  Comprehensive m% z;;i Ll ﬁiiiifm 14 1t
No. . Ranking Jield/ Increase ield/ Increase
rate/ % rate/ %
(kg-hm2) (kg-hm )
IS -0.492 -0.184 0.126  0.220  -0.193 35 52.4 24.56 27.7 20.46
JS2 -0.239  0.354  1.203 —0.200 0.183 13 61.2 45.63 32.9 43.24
JS3 -0.048 -0.182  0.555 -0.401  -0.028 26 54.5 29.56 28.8 25.29
Js4 0.034 0.229 0.363 -1.732  -0.118 31 95.6 127.33 49.3 114.45
IS5 0.235  0.868 -0.058 —0.671 0.215 9 60.6 44.18 30.8 33.90
JS6 0.083 —0.051 0.385  0.506 0.165 14 59.2 40.81 31.4 36.69
JST —0.442 —0.760 0.413  0.340  -0.256 40 52.1 23.99 28.6 24.22
JS8  —0.150 1.092 0.180 —0.806 0. 140 15 69.6 65.55 34.9 51.93
JS9  -0.073  0.007 0.266 -0.287  -0.023 25 63.3 50.58 3.1 4411
S0 -0.099  0.143  0.350  1.484 0.281 8 67.2 59.81 36.4 58.11
JS1 0.094 0.313 -0.752 -0.953  -0.156 32 54.4 29.48 27.5 19.56
JS-12 0.601 —0.910 0.440  0.266 0.123 16 56.3 33.96 29.8 29.53
JS13 -0.298 -0.347  0.260  1.005  -0.017 2 61.4 46.08 34.4 49.63
JS-14  —0.012 -0.151 —-0.690 ~—1.857  —0.446 41 74.7 77.76 37.5 63.04
S5 —0.291  0.055 —1.119 —1.224  —0.487 44 48.9 16.30 24.6 6.86
JS-16 0.400 -0.510 -0.562  0.838 0.052 20 31.7 ~24.61 16.8 ~26.80
JS17 -0.082  0.180 -0.223  2.535 0.352 4 49.3 17.34 27.2 18.43
JS18  —0.068  1.027 —1.048  0.020 0.059 19 61.8 46.92 31.6 37.36
JS19  -0.080 1.179  0.367  1.691 0.597 1 71.6 70.32 38.8 68.51
JS20  -0.373 -0.345 -0.457  0.879  —0.194 36 47.4 12.65 26.1 13.58
Js21 0.684 —-0.128 0.572 —0.056 0.339 5 59.0 40.37 30.3 31.82
1522 0.462 -0.421 -0.562  0.826 0.098 17 49.9 18.72 25.7 11.63
JS23 -0.157  0.270  0.974  0.964 0.326 6 71.1 69.06 38.5 67.51
JS24 0.244 -0.685 -0.661 -0.340  —0.252 39 59.3 40.93 31.5 37.07
JS25 0.203  0.372 —0.827 —0.184 0.005 2 82.0 95.10 43.2 87.97
1S26 0.418  0.054 -1.314  0.788 0.065 18 41.2 ~2.10 21.0 -8.51
JS27  -0.200  0.099 -0.019  0.178  -0.032 27 62.8 49.39 33.0 43.41
JS28 0.183  0.852 -0.484 —0.012 0.211 10 74.1 76.21 38.4 67.15
1529 0.182 -0.354 -0.020  0.240 0.011 21 70.5 67.75 38.1 65.69
J$30 0.054  0.125 0.506  0.419 0.209 1 65.5 55.85 35.5 54.34
JS31 0.071 —0.117 -1.504  0.683  —0.171 34 51.6 22.68 27.0 17.21
R 0.636  0.172  1.027 —-1.091 0.326 6 85.2 102. 60 4.5 89.30
1S33 0.570 -0.226 1.459  0.203 0.465 2 96.9 130. 50 52.5 128.43
JS-34 0.019 -0.252 0.726 -1.567  —0.162 3 70.9 68.51 37.0 61.00
1835 0.203 -0.113  0.996 -0.221 0.199 12 59.4 41.21 31.9 38.65
JS36  -0.170 -0.120 -0.579  0.646  —0.108 30 50.8 20.88 26.5 15.37
1537 0.155 —0.037 -0.043 —-0.314  —0.001 23 54.0 28. 44 27.9 21.40
JS38  —0.108  0.406 0.349 —1.168  —0.048 28 66.9 59.14 35.5 54.54
JS-39 0.039 -0.397 0.226 -1.011  -0.199 37 51.0 21.40 26.1 13.52
JS40  —0.068 -0.571 -2.172 -0.710  —-0.675 45 48.7 15.83 25.4 10.32
JS41 0.260  0.546  0.060  0.894 0.394 3 53.8 28.05 29.0 25.94
JS42 -0.676  0.292  0.447 -0.852  —0.244 38 52.7 25.30 27.5 19.58
JS43 —0.702 -0.182 —0.472 -0.203  —0.462 43 40.5 23.64 21.6 ~6.01
JS44  —0.655 -0.193 0.856  0.494  —0.090 29 4.0 - 23.0 -
JS45  -0.348 -1.402  0.469 -0.165  —0.453 0 34.3 ~18.38 18.3 -20.32
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Cluster analysis plot of agronomic traits in 45 vegetable spring soybean germplasms
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Table 8 Differences in important agronomic traits among 4 major groups of vegetable spring soybean germplasms

KR
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

Group
I 43.89 2.65 20.85 80.30 11.58 6.04 1.36 119.04 81.34 34.39 53.07
Il 48.67 2.54 9.16 83.00 13.66 6.57 1.42 130.27 88.63 35.83 51.62
I 58.76 3.47 11.81 84.29 15.39 5.79 1.31 115.45 69.41 32.64 52.18
v 29.19 2.23 8.63 76.73 9.09 5.87 1.37 97.07 84.53 32.10 53.19
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