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Comprehensive quality assessment of 112 domestic and overseas soybean germplasm resources
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(1. Institute of Agronomy, Inner Mongolia Agricultural University, Hohhot 010018, China; 2. Inner Mongolia Acade-
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Abstract: Improving seed quality remains a major objective in soybean breeding, yet the effective use of di-
verse germplasm resources is constrained by insufficient phenotypic characterization. In this article, 112 soybean
germplasm accessions were evaluated for 26 quality—related traits across 3 environments to define their variation
patterns, trait associations, and elite quality donors. Across environments, the 26 traits showed substantial phenotyp-
ic variation, with coefficients of variation ranging from 3.21% to 18.25%. Seed oil content ranged from 17.00% to
26.33%, whereas seed protein content varied from 28.10% to 46.67%. Oil content was significantly negatively corre-
lated with all protein—related traits, highlighting the persistent trade—off between these major seed quality attributes.
Integrative evaluation based on multivariate analysis identified Suinong 76 as the top—performing accession for over-
all quality. Cluster analysis resolved the 112 accessions into 5 groups, including a high—protein group containing Su-
inong 76, Nongqgingdou 13, and Dongnong 56, and a high—oil group containing Changmidou 30 and 19-201. Togeth-
er, these results establish a phenotypic framework for soybean quality germplasm evaluation, identify Suinong 76 as
an elite donor with superior overall performance, and define high—protein and high—oil germplasm groups for soy-
bean quality improvement.
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Table 1 Descriptive statistics of oil and fatty acid content of 112 soybean germplasm in 3 environments 1%
LN E7857 e/ ME ENIEN AR ByfH brife 22 55 AL
Trait Environment Min Max Range Mean SD (%
CF 17.42 23.50 6.08 20.88 1.10 5.29
ik
HS 17.00 22.82 5.82 19.68 1.16 591
Oil content
TZ 19.65 26.33 6.68 23.29 1.08 4.63
- CF 23.86 37.32 13.46 30.95 2.73 8.82
e
HS 21.43 38.97 17.54 31.24 3.41 10.92
Oleic acid
TZ 27.66 42.65 14.99 34.45 3.23 9.39
. CF 38.92 51.91 12.99 44.83 2.67 5.95
AR
HS 36.70 57.11 20.41 47.59 3.79 7.97
Linoleic acid
TZ 31.24 50.63 19.39 43.13 3.35 7.78
N CF 442 9.22 4.80 7.13 0.89 12.43
M RIR
HS 443 16.60 12.17 8.51 1.55 18.25
Linolenic acid
TZ 5.48 15.50 10.02 8.36 1.36 16.27
N CF 2.98 4.78 1.80 3.69 0.25 6.88
i i
HS 2.63 4.27 1.64 3.32 0.30 8.99
Stearic acid
TZ 2.87 4.44 1.57 3.52 0.27 7.77
. CF 8.59 10.88 2.29 9.79 0.43 4.39
TR
HS 8.02 11.27 3.25 9.64 0.71 7.41
Palmitic acid
TZ 7.80 11.85 4.05 9.65 0.63 6.48

V£ CF: Al s HS s RE RN 512 77 3 F Il

Note: CF: Chifeng; HS: Hohhot; TZ: Tuzuo; Same as below
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Table 2 Descriptive statistics of protein of 112 soybean germplasm resources in 3 environments 1%
LESN 7857 e/ IME ONI:] 75 e ¥i{E brifii 2 5 RAEL
Trait Environment Min Max Range Mean SD CV
CF 34.54 46.54 12.00 39.81 2.14 5.38
R
HS 36.83 46.67 9.84 42.20 2.05 4.85
Crude protein
TZ 28.10 39.04 10.94 33.93 2.01 5.91
. CF 24.81 36.31 11.50 29.80 2.26 7.58
K
HS 25.38 38.27 12.89 32.60 2.12 6.51
Water soluble protein
TZ 19.30 30.50 11.20 24.49 2.09 8.55
R3 IMTRETIRHREMRAFRLESLERS SRR ESIT
Table 3 Descriptive statistics of essential amino acid of 112 soybean germplasm resources in 3 environments 1%
2N E7 813 B/ MEL PR AEL AE e brifE2: BT EY
Trait Environment Min Max Range Mean SD (%
J— CF 2.30 2.87 0.57 2.56 0.11 4.39
R .
HS 2.39 2.87 0.48 2.62 0.10 3.65
Lysine
TZ 2.01 2.51 0.50 2.24 0.10 4.28
. CF 0.34 0.44 0.10 039 0.02 524
BER
HS 0.35 0.45 0.10 0.40 0.02 4.57
Tryptophan
TZ 0.31 0.44 0.13 0.38 0.02 5.38
e CF 1.79 2.31 0.52 2.04 0.10 4.82
HNER
HS 1.84 2.28 0.44 2.06 0.09 4.21
Phenylalanine
TZ 1.47 1.94 0.47 1.70 0.08 4.85
o CF 0.50 0.62 0.12 0.55 0.03 4.78
AR
HS 0.49 0.63 0.14 0.58 0.02 3.77
Methionine
TZ 0.45 0.58 0.13 0.52 0.03 5.10
e CF 1.36 1.67 0.31 1.50 0.06 4.21
TR
HS 1.40 1.67 0.27 1.54 0.05 3.36
Threonine
TZ 1.19 1.46 0.27 1.33 0.05 3.95
CF 1.73 2.15 0.42 1.92 0.08 4.31
#JL%E&
HS 1.75 2.07 0.32 1.91 0.07 3.85
Isoleucine
TZ 1.49 1.85 0.36 1.63 0.07 4.23
CF 2.66 3.40 0.74 3.00 0.14 4.75
B A=A
SRR
HS 2.76 3.39 0.63 3.08 0.12 4.04
Leucine
TZ 2.25 2.93 0.68 2.56 0.12 4.80
CF 1.82 2.28 0.46 2.02 0.09 4.25
AN
HS 1.87 2.28 0.41 2.05 0.08 3.82
Valine
TZ 1.56 1.95 0.39 1.73 0.08 4.59
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Table 4 Descriptive statistics of non—essential amino acids of 112 soybean germplasm in 3 environments 1%
AR 751 e/ IMAE lIEN:] il ¥iE brifii 2 5 5 AL
Trait Environment Min Max Range Mean SD CV
. CF 1.51 1.91 0.40 1.67 0.08 4.78
HER
HS 1.59 1.88 0.29 1.72 0.06 3.61
Glycine
TZ 1.31 1.65 0.34 1.48 0.06 4.31
J. CF 1.52 1.88 0.36 1.69 0.07 4.09
NAR
HS 1.57 1.86 0.29 1.72 0.06 3.21
Alanine
TZ 1.35 1.65 0.30 1.50 0.06 3.83
. CF 1.65 2.17 0.52 1.86 0.10 5.25
IiE=N
HS 1.69 2.05 0.36 1.87 0.08 4.07
Proline
TZ 1.42 1.78 0.36 1.59 0.08 4.73
. CF 1.26 1.55 0.29 1.39 0.06 4.24
HS 1.29 1.55 0.26 1.43 0.05 3.37
Tyrosine
TZ 1.13 1.37 0.24 1.23 0.04 3.49
CF 1.47 1.95 0.48 1.69 0.10 5.69
HS 1.53 1.92 0.39 1.76 0.08 4.33
Serine
TZ 1.29 1.67 0.38 1.48 0.08 5.11
S CF 0.52 0.70 0.18 0.59 0.03 5.82
e
HS 0.52 0.70 0.18 0.60 0.03 5.16
Cysteine
T7Z 0.47 0.63 0.16 0.56 0.03 6.14
R J— CF 3.93 5.14 1.21 4.47 0.25 5.54
PNORDES 1.7
HS 4.07 5.07 1.00 4.60 0.20 4.35
Aspartic acid
TZ 3.32 4.32 1.00 3.82 0.20 5.17
P, CF 6.09 8.11 2.02 6.97 0.40 5.78
BHAMR
HS 6.16 8.05 1.89 7.18 0.36 5.04
Glutamate
TZ 4.83 6.74 1.91 5.73 0.36 6.21
J— CF 2.46 3.45 0.99 2.89 0.19 6.64
HiAm
HS 2.48 3.36 0.88 2.94 0.18 5.98
Arginine
TZ 1.84 2.73 0.89 2.27 0.16 7.07
AN CF 0.94 1.21 0.27 1.07 0.05 4.93
HATR
HS 0.94 1.16 0.22 1.06 0.04 3.84
Histidine
TZ 0.81 1.01 0.20 0.90 0.04 4.52
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Table 5 Correlation analysis of quality—related traits for 112 soybean germplasm resources

. RRlHE bl Wahie  WRRR fRRR BRSO OMER KREN OFEER AELFEER
i 0il con- Oleic Linoleic  Linolenic  Stearic ~ Palmitic ~ Crude ~ Water solu- Essential ami- Nonessential
tent acid acid acid acid protein  ble protein no acid amino acid
CRLES 1
R 0.132 1
IR -0.084  -0.830" 1
M IRRER -0.149 -0.040  -0.253" 1
TR -0.234"  -0.059 -0.147 -0.179
RGN -0.133  -0.379"  0.168 0.042 0.340™ 1
A -0.693"  -0.293" 0383  -0.213 0.114 1
KR -0.378"  -0.369"  0.453"  -0.283" 0.081 0.892" 1
Wit SR -0.611"  -0.312" 0386~  -0.220° 0.107 0.969" 0.904™ 1
JEHEIMR  -0.6507  -0292" 0360”7  -0.209" 0.129 0972 0.884™ 0.993” 1

2 HTE 0.05 7K B AHOG  ++4E 0.01 K7 L B 54 ¢

Note: * significantly correlated at the 0.05 level; ** significantly correlated at the 0.01 level
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A

F, = -0.714X,-0. 19X, + 0.252X,-0. 118X, + 0.095X, + 0.036X, + 0.97X, + 0. 848X, + 0.974X, +
0.318X,, + 0.968X,, + 0.821X,, + 0.951X,, + 0.937X,, + 0.978X,; + 0.976X,, + 0.966X,, + 0. 969X, +
0.925X,, + 0. 942X, + 0. 897X,, + 0. 742X,, + 0. 974X,, + 0. 977X,, + 0. 980X, + 0. 972X, (1)

F,; = 0.099X,-0. 922X, + 0.870X, + 0. 045X,~0.201X, + 0.396X, + 0. 122X, + 0.238X, + 0. 171X, +
0.190X,, + 0. 119X, + 0.046X,, + 0. 114X,, + 0. 139X, + 0. 143X,; + 0. 112X,, + 0. 129X, + 0. 154X, +
0. 169X, + 0. 219X, + 0. 245X,, + 0. 17X,, + 0. 109X,, + 0. 069X, + 0. 04X,; + 0. 03X, (2)

Fy=0.456X, + 0. 048X, + 0. 22X,-0. 8X, + 0. 16X,-0. 129X, + 0. 069X, + 0. 299X, + 0. 044X, + 0. 732X,
+0.127X,, + 0.311X,, + 0. 168X, + 0.164X,, + 0. 119X, + 0.073X,, + 0. 121X, + 0. 108X,,—0. 002X, +
0. 047X,, + 0. 22X,, + 0. 102X,, + 0. 146X,, + 0. 136X,, + 0. 048X,, + 0. 125X, (3)

Fy = —0.249X,-0. 146X,-0. 093X,-0. 082X, + 0.821X; + 0.755X, + 0.061X,-0. 015X, + 0.041X,~
0.005X,, + 0.026X,, + 0.214X,, + 0.096X,,-0. 044X, + 0.037X,; + 0.004X,, + 0.085X,, + 0.093X,, +
0. 166X,,-0. 032X,, + 0. 146X, + 0. 394X, + 0. 077X,, + 0. 022X,, + 0. 098X, + 0. 033X, (4)

PR A B SR I TR AR A B AR EREACALL B
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Table 6 Principal component eigenvalues and variance contributions

5 FREE J5 ZE TR 1% 30 2 5T 1%

PC Eigenvalue Variance contribution rate (VCR) Cumulative variance contribution rate (CVR)

1 18.388 70.721 70.721

2 1.856 7.137 77.858

3 1.601 6.156 84.014

4 1.390 5.346 89.360

RT ERSEETHERE
Table 7 Principal component loading matrix
i PR
Number Trait PC 1 pPC2 PC3 PC 4

1 T 0il content -0.714 0.099 0.456 -0.249
2 AR Oleic acid -0.190 -0.922 0.048 -0.146
3 EIMAR Linoleic acid 0.252 0.870 0.220 -0.093
4 A JBRRR Linolenic acid -0.118 0.045 -0.800 -0.082
5 MR Stearic acid 0.095 -0.201 0.160 0.821
6 FEAETR Palmitic acid 0.036 0.396 -0.129 0.755
7 M Crude protein 0.970 0.122 0.069 0.061
8 7K ¥ 11 Water soluble protein 0.848 0.238 0.299 -0.015
9 H R Lysine 0.974 0.171 0.044 0.041
10 {45 JR Tryptophan 0.318 0.190 0.732 -0.005
11 HNER Phenylalanine 0.968 0.119 0.127 -0.026
12 TE R R Methionine 0.821 0.046 0.311 0.214
13 FRZ R Threonine 0.951 0.114 0.168 0.096
14 SEEEER Isoleucine 0.937 0.139 0.164 -0.044
15 PR Leucine 0.978 0.143 0.119 0.037
16 %R Valine 0.976 0.112 0.073 0.004
17 H %’ Glycine 0.966 0.129 0.121 0.085
18 4R Alanine 0.969 0.154 0.108 0.093
19 JH% A2 Proline 0.925 0.169 -0.002 0.166
20 1 % B2 Tyrosine 0.942 0.219 0.047 -0.032
21 2251 Serine 0.897 0.245 0.220 0.146
22 L2 Cysteine 0.742 0.170 0.102 0.394
23 KODAER Aspartic acid 0.974 0.109 0.146 0.077
24 BAM Glutamate 0.977 0.069 0.136 0.022
25 K52 Arginine 0.980 0.040 0.048 0.098
26 ZH4 MR Histidine 0.972 0.030 0.125 0.033

0. 060F  , REIHAE Ay 112 43 Ao [ % YL 5 it ot )
LA VRN AR UE  THES HEAT B s BV L HE 44 i
MR NER 8 . HEA S B BTIR D HF 154/
24 76, VLHTZ M BHE 34 X I 2565 RIS, e
2 HF26/18-5-16(B86) \HF48/(PI603900/AD14)
HF175/4:4% 56 \HF141/4: 5270,
2.5 KREMBRFFEMEIRESH

W 112 453 R A B B IR AE 3 44 DX (Y S (B A T
BRI, AERRICHE B 7. S B, IR 43 542878

(1), 5288 26 PERIFAE WL 9.,

85— KB IS HF207/4% IR 5 13  HF 175/ 4%
56, HF141/%5 & 70, HF154/2 4& 76, HF48/
(PI603900/AD14) \HF26/18-5-16(B86) 1 6 iy K &
PTG IE AR, 5 G HE R RO, TR /S . 5 HALZETE
LG SRR 1 KIS 8 U T AL R
10 AE TG IR & &, 258 T A0, SR
148 BT S BRI A T8 b B i R 8
T AR, FE AL 7 M X 15 B i 2 K R S R s
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Table 8 Comprehensive scores and rankings of 112 soybean germplasm resources

% LRty LA i e Zia s
Serial number Aggregate score Overall ranking Serial number Aggregate score Overall ranking
HF154 14.501 1 HF64 10.559 11
HF26 14.000 2 HF80 10.480 12
HF48 13.985 3 HF46 10.420 13
HF175 12.896 4 HF27 10.204 14
HF141 12.492 5 HF86 10.122 15
HF207 12.146 6 HF130 10.084 16
HF52 10.881 7 HF112 9.761 17
HF201 10.854 8 HF53 9.760 18
HF148 10.756 9 HF168 9.699 19
HF127 10.601 10 HF68 8.973 20
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Fig.1 Cluster analysis of 112 soybean germplasm resources
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HF69/75 17204 \HF59/87 K 7. 22 45454 60 15 K 2 F
F BT R AAOR IR BCA W0 B DLk A £E S kR
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KEREIREEEWRIED Z — TR PO S
Tk A= )12 . REM MRS T REW
M E R &, B, 48 K i — B K
WM RN EBENEZ —, KRR E AR
IR o i SR A o KN TR RS AR N[
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Table 9 Characteristics of different clusters in 112 soybean germplasm resources 1%
E2IN T Cluster
Trait I | 1] v AY
Fr =R Oil content 19.99 23.03 19.36 21.08 21.67
R Oleic acid 31.35 31.13 27.33 31.58 33.70
MR Linoleic acid 47.22 46.26 48.28 45.69 43.79
W FEAR Linolenic acid 7.15 7.94 9.86 7.88 8.24
TR Stearic acid 3.54 3.43 3.50 3.53 3.48
EEREFR Palmitic acid 9.75 9.67 10.12 9.72 9.63
M H Crude protein 42.59 34.94 39.24 39.35 37.41
JKIFE H Water soluble protein 32.39 26.13 28.09 29.71 27.69
%R Lysine 2.66 2.30 2.51 2.51 2.41
&2 Tryptophan 0.41 0.39 0.35 0.40 0.38
ZRNE R Phenylalanine 2.09 1.78 1.92 1.96 1.87
AR Methionine 0.60 0.52 0.53 0.56 0.54
IR Threonine 1.56 1.36 1.44 1.48 1.43
SESLER 1soleucine 1.95 1.71 1.81 1.85 1.78
AR Leucine 3.13 2.66 2.88 2.93 2.79
H98IR Valine 2.09 1.80 1.94 1.96 1.89
HZM Glycine 1.76 1.51 1.62 1.65 1.58
P42 Alanine 1.75 1.53 1.64 1.66 1.59
JiiZ A2 Proline 1.92 1.64 1.81 1.80 1.73
[ Z A Tyrosine 1.44 1.27 1.37 1.37 1.32
2253 R Serine 1.80 1.51 1.67 1.68 1.59
B BEABR Cysteine 0.64 0.54 0.59 0.59 0.57
KADAEEM Aspartic acid 472 3.92 4.29 437 4.16
B Glutamate 7.35 5.99 6.59 6.76 6.40
K4 iR Arginine 3.02 2.39 274 2.76 2.60
21 %482 Histidine 1.09 0.93 1.00 1.02 0.98
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