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Comprehensive Analysis of Agronomic Characters of Summer Sowing Soybean
Varieties ( Lines ) in Huang-Huai-Hai Region ( South ) and Constructing A
Comprehensive Evaluation Model

ZAN Kai, CHEN Ya-guang, SHEN Wei-min, XU Shu-xia, ZHOU Qing, WANG Feng-ju, GUO Hai-fang,
LI Ming-jun
(Anyang Academy of Agricultural Sciences/High Quality Soybean Improvement Engineering Technology Research Center of Henan Province, Anyang

455000, China)

Abstract: In order to comprehensively and accurately evaluate the agronomic traits of summer soybean varieties (lines) in the
Huang-Huai-Hai region ( south ), and to construct a comprehensive evaluation system for soybean varieties ( lines),
multivariate analysis methods such as factor analysis, DTOPSIS method, cluster analysis and regression analysis were used to
analyze 15 characters of 37 varieties (lines) which accomplished the two-year regional trials in the Huang-Huai-Hai (south)
summer soybean regional test from 2019 to 2021. The results showed that the variations of 15 agronomic characters of
37 soybean varieties (lines) was 2.4% -53.0% , the variation of mosaic virus disease was the largest, followed by numbers of
effective branches, and the variation of growth period was the smallest. Ccorrelation analysis revealed complex correlations
among the tested 15 agronomic traits, factor analysis transformed 15 traits into 5 main factors, with a cumulative contribution
rate of 77. 973% . The DTOPSIS method was used to calculate the comprehensive evaluation value ( Ci value) of the
37 varieties (lines), and the cluster analysis suggested 3 groups in 37 soybean varieties (lines) , each group had different
dominant characters. Based on the Ci value, a comprehensive evaluation model of soybean varieties (lines) was established
by stepwise regression analysis: Ci = 0. 484 + 0. 033X, + 0. 027X, + 0. 067X, + 0. 011X,, +0. 034X,,, (R* =0. 955 0,
F=132.027,P <0.000 1). This model can be used for the comprehensive evaluation of soybean varieties (lines) in the
Huang-Huai-Hai region, thus to provide a reference for breeders to select high-yield and high-quality soybean varieties.

Keywords: soybean; Huang-Huai-Hai region; factor analysis; DTOPSIS analysis; stepwise regression analysis;

comprehensive evaluation
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Table 1 List of tested soybean varieties ( lines)

s Al (&) Hi A (&) G Al (&) i i (&)
Code Variety ( line) Code Variety ( line) Code Variety ( line) Code Variety ( line )
1 1311 11 s 11 21 A 47 31 XH6%

2 £ 820 12 X545 22 o155 32 #:9416-8

3 W E 1201 13 I¥ 5 26 23 MEE 5110 33 B 13

4 T 73 14 7011224 24 M2 5 34 T 37

5 1306 15 17 23 25 % 1305 35 FAR 60

6 T 30 16 £ 22 26 76 5 36 HE 13 (A 41)
7 Mg 6 17 R 115 27 HEH 754 37 % 13(B 4)
8 Ji 33 18 =15 28 WE 10 5
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Table 2 Variable coefficient of agronomic traits

LN FHEME £ bR EREE ERRE
Trait Mean + SD Range CV/%

X, (Y)/(kg-hm=2) 2934.2 £120.0 2647.5 ~3228.0 4.1

X,(D)/d 99.5+2.4 93.0 ~104.0 2.4
X, (H)/cm 68.9 +10.7 49.4~107.2  15.6
X, (PH)/cm 16.8 £2.9 11.7~23.6 17.2
X5 (N) 15.2+1.2 13.1~19.3 8.0
X (B) 1.8+0.6 0.7 ~3.2 32.6
X, (PN) 40.3 £5.8 30.1~53.0 14.5
Xg (SN) 83.8+11.5 64.9~111.7  13.7
X, (SW)/g 17.2+1.0 15.5~19.3 5.7
X, (HSW) /g 21.4 2.5 16.4 ~26.0 11.8
X, (P)/% 42.1£1.8 38.8 ~45.5 4.2
X, (F)/% 20.2+0.9 17.8 ~22.0 4.7
X,5(SC3) /% 26.6+12.9 0-~44.5 48.5
X,, (SC7)/% 28.2+15.0 0~53.5 53.0
X,5 (SCN2)/% 122.4 £38.1 69.2 ~214.5  31.1

Y. R D AEE H MR PH. RIS N, BTGB A
ROMH PN, BABR 3K SN. Lol 0, SW. B BORE H; HSW. T KL
;P A i BRI A 5 SC3.SCT  SCN2 43 4l 2y SC3,SC7 I
SCN2 [R5, T,

Note:Y. Yield; D. Growth period; H. Plant height; PH. The lowest
pod height; N. Number of main stem nodes; B. Number of effective
branches ; PN. Pods number per plant; SN. Seeds number per plant; SW.
Seeds weight per plant; HSW. 100-seed weight; P. Protein content; F. Fat
content; SC3, SC7 and SCN2 represents SC3, SC7 and SCN2 disease

index, respectively. The same below.
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Table 3 Correlation coefficients of 15 agronomic traits

SN X, X, X, X, X, Xg X, Xg X, Xy X, Xp, X3 Xy X5
Trait (Y) (D) (H) (PH) (N) (B) (PN)  (SN)  (SW) (HSW) (P) (F)  (SG3)  (SC7) (SCN2)

X;(Y) 1

X,(D) 0.106 1

X;(H) 0.0  0.587** 1

X, (PH) 0.0  0.520* * 0.641* * 1

X5(N) -0.032  0.5247 % 0.82* 0.467" " 1

X¢(B) -0.011 -0.134 0.5 0.018 027 1

X;(PN) 0.2 0.361** 0.558** 0.349* 0.515** 0.505** 1

X5(SN) 0.235  0.275%* 0.505** 0.233  0.488"* 0.429** 0.912** 1

Xo(SW) 0.665** 0.342%  0.469** 0.373* 0.389" 0.197  0.546** 0.48** 1

Xjp(HSW)  0.043 -0.180 -0.383"*-0.129 -0.413" -0.395" -0.782**-0.908* *-0.107 1

Xy (P) -0.156 -0.169  0.006  0.233 -0.02  0.046 -0.197 -0.223 -0.048 0240 1

Xpp(F) -0.018 -0.101 -0.067 -0.310  0.052  0.041 -0.125 -0.001 -0.164 -0.131 -0.537%* 1

X;3(SC3)  -0.076 -0.202 -0.38* -0.083 -0.457**-0.076 -0.327* -0.379* -0.212  0.351** 0.071  0.12 1

X (SCT)  -0.008 -0.091 -0.164  0.135 -0.301  0.080 -0.191 -0.214 -0.121  0.213  0.207 -0.033 0.73** 1

X;s(SCN2)  -0.02  0.149  0.284 0271 0.207  0.051  0.25  0.161 -0.12 -0.208  0.059 -0.193 -0.108 -0.025 1

W TR A RORTE 0..05 F0. 01 AKEARDE
Note:“ *” and “*
2.3 EFHH
XF37 AR (R) 115 SR SR T
KT M7, 4 KMO £ Bartlett BRIEAG 56, KMO {H K
0.641 >0. 60, Bartlett BRIZ K5 P <0. 01, Ut B £ 4
WA AT T, F BERRAEME > 1 A JR 0] 12 B
5 Wy, FEAEAE 43 0 Ok 4. 987,2. 123,1.638,

” indicate correlation is significant at the 0.05 and 0.01 level, respectively.

1.610,1.339, BRTTHR AL 77. 973% , AAER KBS
FRWRRBALZ G R, Il 15 AR B R L
J5SAERF, 5 AFERFLIT 2R ATERE,
FRAEME 43 5 K 3. 125,3.063,1. 963, 1. 803, 1. 742,
TRk 2> 91 20. 835% . 20. 418% . 13.085% .
12.019% F111.616% (£ 4) .

F4 FRFHEERTHE

Table 4 Eigenvalue and contribution rate of the primary factors

PEHCEJ5 fZE A Sum of square load

TESE )5 FZE A Sum of rotation square load

FHT D Sk PR B i PR
. AFAEA . , FEAEff e _
Primary factor Contribution Accumulative Contribution Accumulative
Eigenvalue Eigenvalue
rate/ % contribution rate/% rate/ % contribution rate/%
F1 4.987 33.244 33.244 3.125 20.835 20.835
F2 2.123 14.150 47.395 3.063 20.418 41.253
F3 1.638 10.921 58.316 1.963 13.085 54.338
¥4 1.610 10.732 69.048 1.803 12.019 66.357
F5 1.339 8.925 77.973 1.742 11.616 77.973

P R 5 Win, 56 1 £ 7 E2H
AEE W MR R JE | 3R 2R RO RRAEAE 43 5
40.823,0.840,0.793 F1 0. 751, S 5k e A K, ik
B ERFRRoAREE T, 2 ERFFEZERR
PRIEH | BBk BORD kL H g E R AEH 2 ) N
0. 825,0.852 il — 0. 845, 4 5 = 5 A4 i A7 ¢, 7T FR
MR RN T, 53 EWH TR EH SC3 M ScT

S TR T B B, FRAEAEL 43 591 0. 881 F10.933, %
SR BERPUIE A 5C, nTRR N AL B P
T B4 FER T FEEH T RO TR FRAE
553524 0. 892 F1 0. 835, {1 T/ 4 5 B Mfokr T %
WEEIEARS R TR SRR 7, 55 5
FREMEASTEMIGN & B UE , ReEE s 58
0.853 F1 —0. 858,24 5§ A ¢, BOAR Ay it o R+,
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Table 5 Rotation of the sub-load matrix

PEAR Trait Fl 2 F3 F4 F5
X (Y) -0.002  0.039 -0.003 0.892 -0.037
X, (D) 0.823 -0.057 -0.074  0.155 -0.136
X5 (H) 0.840  0.320 -0.166  0.059 0.048
X, (PH) 0.793  0.066 0.163  0.105 0.328
X5 (N) 0.751  0.310 -0.311 -0.028 —0.070
X6 (B) -0.092  0.768 0.133  -0.006 0.105
X; (PN) 0.370  0.825 -0.151  0.254 -0.006
Xg (SN) 0.278  0.852 -0.212  0.228 -0.109
X, (SW) 0.346  0.247 -0.088  0.835 0.097
Xjp(HSW)  -0.192 -0.845 0.214  0.127 0.205
X (P) -0.026 -0.094 0.122 -0.133 0.853
X (F) -0.097  0.025 0.077 -0.111 -0.858
X3 (SC3) -0.191 -0.188 0.881 -0.046 -0.072
X, (SCT) -0.014 -0.021 0.933 -0.019 0.105
X5 (SCN2) 0.351 0.196 -0.028 -0.326 0.233
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13 (0.2889),

X Ci fH 5 m T (R ) B AR IEAT A G
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Table 6 Decision matrix and comprehensive evaluation value( Ci) of tested varieties ( lines)

5 W (R) Gl |45 Wfh(R) Cifd
F2 F3 F4 F5 F1 F2 F3 F4 F5

Code Variety (line) Ci value || Code  Variety(line) Ci value
1 1311 0.3101  0.3610  0.0531  0.252  0.1018  0.7466 || 20 T 1897 0.0364  0.1025  -0.0057 -0.1979 -0.2130 0.4647
2 #5820 0.4241 -0.0583 -0.0633  0.1160 0.2295 0.6230 || 21 M4c47  -0.0093  0.3801 0.1226  0.2722 -0.0965 0.6201
3 T 1201 0.3037  0.4658  0.3044 -0.1722 -0.0332 0.6855 || 22 BE15  -0.198 -0.009  0.2004 0.2955 -0.0238 0.4671
4 FEET73 -0.0737  0.0136 -0.2854 -0.1244 -0.1177  0.3888 || 23 TS50 0.3050  0.0628  -0.0373  0.0109 -0.0442 0.5807
5 1306 0.0109 0.2334 -0.1164 -0.1144  0.319 0.5651 || 24 Mge2s5 -0.3646  -0.1415 0.0147 -0.0592  0.0479 0.3270
6 HH 30 0.5446  0.1848 -0.2594 -0.2176 -0.2244  0.5649 || 25 #1305 0.08%4  0.0663 -0.2763 -0.0474 -0.0428 0.4751
7 ME6%5  0.3319 -0.1778 -0.0908 -0.2088 -0.1539  0.4755 || 26 HE 65 -0.30901 0.5878 -0.2250 0.0829 -0.0704 0.5140
8 i3 33 0.2177 -0.1339 -0.0316  0.3120 -0.2181 0.5145 || 27 BT 754 0.3719 -0.0885 0.2061  0.0249  0.0819 0.6087
9 W 36 0.1501 -0.1603 -0.1947  0.2131  0.0571  0.4939 || 28 WH 0S5 0.0282 -0.4905 0.0880 -0.0182 -0.0587 0.3795
10 HFE45  -0.2528  0.1463 -0.2368  0.0801  0.2470  0.4629 || 29 M 108 -0.0702  0.0960  0.1034  0.1231 -0.1730 0.4947
11 IwZ 11 -0.2885  0.0793  0.2128 -0.0811 -0.0512 0.4332 || 30 17 0.1291  0.0144 -0.0868 -0.0889  0.1419 0.5244
12 X4 0.0212  0.1187  0.2080  0.1398  0.0433  0.5850 || 31 XH65  0.0418 -0.468 -0.2160  0.0057 0.1240 0.3766
13 IE5 26 0.0627 0.4582  0.1237 -0.1353  0.1218 0.6397 || 32 %x%16-8 -0.1385 -0.0158 0.0898 -0.0272  0.0487 0.4514
14 fx0o112-24  0.1836 -0.2612 0.0905 -0.1722 0.3613 0.5112 || 33 WZ 13 -0.3111 -0.08%4 -0.2846  0.0235 -0.2406 0.2889
15 723 -0.4412 -0.0309  0.1445 -0.1944 -0.0006 0.3458 || 34 WE37 0.1072 -0.3612  0.1053  0.0390 0.0735 0.4542
16 1522 -0.0136 -0.3445 -0.1159 0.1661  0.0581  0.4046 || 35 MO0 -0.2683 -0.4644  0.125 0.0915 -0.1302 0.3077
17 L 115 0.1974  0.0341  0.0310 0.0123 -0.1054 0.5436 || 36 H#13(A4]) -0.2916 -0.1354  0.0684 -0.1864  0.0204 0.3415
18 E 15 -0.6403  0.3156 -0.0942 0.0725 0.1126  0.4166 || 37 H#£13(B4l) -0.2691 -0.1488 0.0682 -0.2062 -0.0183 0.3361
19 212 0.0665 -0.0504 0.2629 -0.0853 -0.1747  0.4920

TR TR T A RIIFRRAE 0..05 0. 01 ZKFAHE,

Rl

Note: “

and “**”

X

indicate correlation is significant at the 0.05 and 0.01 level , respectively.



134 NI 2 34

®7 CGESSHAAM(R) RZEROBEXRY

Table 7 Correlation coefficients between agronomic traits and comprehensive scores

LEEIN
T X, (Y) Xy(D)  X5(H) X, (PH) X5(N) Xs(B) X;(PN) Xg(SN) Xo(SW) X,o(HSW) X ;(P) X,(F) X;5(SC3) X,4(SC7) X;5(SCN2)
Tait

G 0.213 0.525"* 0.751"* 0.720" * 0.613"* 0.453"* 0.785" " 0.695° " 0.575" " -0.531"" 0.106 -0.246 -0.072  0.1% 0.34*

2,42 RESH ET GAHE,RHPIEIRERE  SFIEEHEA 15 &R (R), G HEEFN0.433 2 ~
Ward AT RI AT RWNE 1 R E O RREREEES 0524 4, 5B TM2EHEA 11 A A (R), G ETEE R
5 BF,37 SR (R) ATk 3 AR, BBk 0.288 9 ~0.416 6,

FEA 11PN (R, GBS 0.543 6 ~0.746 65

0 5 10 15 20 25
1 1 n 1 0

1306 5
HE30 6 [
ZE115 17 [
X545 12
#E5110 23

#EE 820 2
MAR47 21
HEE 754 27
1526 13 |—
131 1 J
B 1201 3

FE36 9
Wi 108 29
HE12 19
JH 533 8
HE 6% 26
#0112-24 14
HET 17 30

NG 65 7 H
#1305 25
45 10
#E1897 20 [—
G115 22
#:9416-8 32 |
537 34 |
11 11
HH22 16 |
15 18

MEI0S 28 |
XH65 31
3573 4
7#23 15 f—
i 13(A4) 36 |
R 13(B4) 37 H
Nok2T 24

=13 33
MAR60 35 |~

B1 Zikmh(R)EEE

Fig.1 Cluster analysis of tested soybean varieties(lines) based on comprehensive scores
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Table 8 Agronomic traits of different clusters

PR 25 Cluster

Trait I Il I
X;(H) " /em 79.28 +£10.07 69.38 +4.69 57.72 +4.90
X, (PH) * " /em 19.20 +2.49 16.85 +2.04 14.32 +2.03
X;(PN) " " 45.13 £4.49 40.81 £4.58 34.92 +3.70
X (P)/% 42.42 £1.67 41.89 £2.05 41.96 +1.31
X4 (SC7)/% 32.91 £13.46 27.73 £15.71 24.21 £13.99

T FORAE 0. 01 KV 2R

Note:“ ™ *” indicate correlation is significant at the 0.01 level.
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