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Factor Analysis and Comprehensive Evaluation of Soybean Strain in Cold Area
of North of Northeast China

ZHAO Hai-dong' , FENG Nai-jie' , ZHENG Dian-feng'>, ZHANG Li-na' , WANG Chang', QI De-qiang', LIANG
Xiao-yan' , XIANG Hong-tao’

(1. Agronomy of College, Heilongjiang Bayi Agricultural University, Daqing 163319, China;2. National Coarse Cereals Engineering Research Cente,
Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: In order to make reasonable use of soybean germplasm resources, and select suitable soybean strains, the variabili-
ty, correlation, factor analysis and clustering analysis of 10 agronomic traits and yield traits of 30 soybean strains were re-
searched. Experiment was conducted from May to October in 2017 at the experimental farm of Heshan, Daqing, Heilongjiang
province of China(N48.43°, E124.56°). The results showed that the variation coefficient of 10 agronomic traits of soybean
germplasm resources were 4. 66% —87.53% , among which the coefficient of the number of flat pods was the largest. Howev-
er, the number of units per area was the lowest, 10 agronomic traits were combined to 4 major factors by factor analysis, pods
number factors, height factors, seeds weight factors and plants number factors, respectively, which accounting for 84. 74% of
the cumulative contribution rate. Clustering analysis showed that 30 soybean strains could be clustered into three categories.
The first categories included 15 strains, the second categories included 11 soybean strains, other strains were defined the third
categories and suitable planted in thd cold region.
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BRI A T R Ip VLA P AR, Ab 5 U AR
A B R T S X, S BEK By 500 mm
Db, JoFE e 118 d, A & BURAE2 200°C 245, +
SRR FR IR (0 ~ 20 em) : AT HLJGE 2. 65% ,
R 28.0 mg - kg*l , R 149 mg - kgfl , Bk i A
237 mg-kg ™', pH6. 37,
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Table 1 The code of soybean categories

i R G EI ] i R e AW L]

Strain encrypt Strain code Strain encrypt Strain code
DDO1 CS1766 DD16 CS1762
DDO02 CS1716 DD17 CS1758
DDO03 CS1751 DD18 CS1761
DD04 CS1706 DD19 CS1774
DDO5 CS1753 DD20 CS1704
DDO06 CS1701 DD21 CS1712
DDO7 CS1732 DD22 CS1739
DDO8 CS1703 DD23 CS1764
DD09 CS1733 DD24 CS1763
DD10 CS1707 DD25 CS1768
DD11 CS1717 DD26 CS1721
DD12 CS1737 DD27 CS1759
DD13 CS1705 DD28 CS1722
DD14 CS1748 DD29 CS1773
DD15 CS1731 DD30 CS1769
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2.1 FEREUERHTRUERT

R H R 10 A~ T B 25 Mk = B Motk 4y
Mrab L2 2, 48 5 RPN 3o JEIEBUE S R0
K,k F] 87.50% ; 48 5 Z 00 W A48 bR R Ak i L 22
IR N G T N YA T SN I Y N [
25.90% . 33.32% . 21.50% . 26.40% . 22.90% .
21.24% F 24. 66% , 7% 5 R B A BB AT i
) 9.86% , A8 5 Z e /N (4 A BT T AR RR AL, A
4.66% . FRZERFEHRERAZ M2ERHE,
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Table 2 The performance of main agronomic traits

o= PR REE E3-:4 JET SR JE IR HIEL pAC R /S
:] /'\ Plant height ~ Section Stem Pod Deflated Seed Seed 100-seed Plant
train
/cm number weight/g weight/g number pods number weight/g weight/g number
01 82.81 14. 67 5.67 5.05 26.70 1.62 71. 10 10. 70 16. 13 28. 67
02 87.12 14. 83 4.74 4.51 23.90 2.40 68. 60 8.30 14.78 28.00
03 99. 45 14.38 8.78 6.04 28. 60 1.75 78. 80 9.40 14.22 28. 67
04 80. 15 12.50 4.40 4.64 25.80 1.00 59.10 10. 00 16.91 28. 67
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Strain Plant height ~ Section Stem Pod Pod Deflated Seed Seed 100-seed Plant

/em number  weight/g  weight/g  number pods number  weight/g  weight/g number
05 61.77 14. 56 3.43 4.43 24. 60 1. 00 62. 30 8.70 18. 20 28.67
06 35.79 11. 00 2.28 4.45 14.50 1.57 24.10 7.77 36.97 28.67
07 85.75 15.40 3.36 4.55 23.40 1. 64 58.00 7.93 14. 86 28.67
08 81.85 13. 56 4.60 4. 46 24.70 0. 00 62. 30 11.70 18. 60 29.00
09 46. 95 13.63 5.16 8.07 51. 80 3.91 76.70 12.70 18.58 28.67
10 52.79 12.79 2.67 4.47 25.90 1.33 67.70 9.55 16. 21 29.33
11 55.13 14. 85 4.38 5.36 26.00 1. 44 66. 80 10. 00 16. 47 28.67
12 41.29 14. 00 4.71 8.13 38. 40 9.75 78. 80 13.10 17.30 28. 89
13 53.15 13.38 3. 64 5.40 27.50 1. 50 72. 80 12.90 13.93 28.33
14 89. 14 13.36 6. 40 3.46 20. 20 1.36 46. 80 7.53 18. 41 29.33
15 60. 38 13. 67 4.47 4.41 33.50 1. 80 77.50 12.30 14.51 28. 67
16 52.94 12. 89 3.54 4.70 33.00 1. 50 76. 10 9.14 14.20 25.33
17 54. 44 13. 67 4.59 6.37 33.60 2.78 81. 60 14.10 14.37 28.33
18 77.69 17. 00 9.56 7.61 49.40 8.00 108. 00 15. 00 17.83 26.33
19 84.75 15.50 6. 10 4.40 24.50 0. 00 62.70 9.77 17.27 24.30
20 45.60 13.50 4.01 5.10 34.20 1.54 98. 60 13.40 16. 25 27.67
21 76.30 11. 64 7.03 5.28 29.70 2.50 51.90 9.28 18. 68 29.33
22 76.32 12.53 4. 88 4.52 28.70 1.42 69. 00 9.40 15. 86 28.33
23 69. 68 14.53 3.46 4.22 26. 50 3.50 64. 00 7.94 14. 74 27.67
24 54.16 13.00 3.90 4.20 32.60 1. 44 68. 00 10. 10 15.22 27.67
25 95.93 13. 67 6.43 4. 65 19.40 1. 56 51.10 6.91 19.11 28.33
26 59.36 13.42 4.86 5.59 29.30 2.71 69. 20 8. 11 13.94 29.00
27 73.91 16. 67 4.85 5. 67 33.20 2.45 81.20 10. 90 13.53 27.33
28 44. 89 12. 80 3.44 5.95 28.10 2.70 54.50 7.60 17.12 29.33
29 83.50 14. 00 5.28 5.53 38.30 3.43 83. 80 9.10 14.73 28.55
30 60. 58 16. 40 4.29 5.91 27.40 1.33 58.00 10.20 19.23 24.67

®3 XEIOANMEEHSERNERGEST
Table 3 Difference analysis of the 10 major quantitative traits of soybean

3= REE ENY JEH B S b IR R HRLE P&

Plant height ~ Section Stem Pod Pod Deflated Seed Seed 100-seed Plant

/cm number weight/g  weight/g number pods number  weight/g  weight/g number

fix KAE Maximum 99. 45 17. 00 9.56 8.13 51.80 9.75 108. 00 15. 00 36.90 29.30
f¢/ME Minimum 35.79 11. 00 2.28 3.46 14. 50 0. 00 24.10 6.90 13.50 24.30
-2 {H Mean 67. 45 13.90 4.83 5.23 29. 40 2.29 68. 30 10. 00 16. 90 28.10

b2z

Standard deviation 17.50 1.37 1. 60 1.12 7.79 2.01 15. 60 2.10 4.17 1.31
AR ZELCV/ % 25.90 9. 86 33.32 21.50 26.40 87.53 22.90 21.24 24. 66 4. 66
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Table 4 Analysis on the correlation between the output of different soybean strains and the number of characters

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Y1
X1 1
X2 0.34 1
X3 0.62"" 0.35 1
X4 -0.30 0.28 0.34 1
X5 -0.23 0.27 0.34 0.77"" 1
X6 -0.22 0.23 0.31 0.77"* 0.64"" 1
X7 -0.02 0.47* 0.36 0.51"" 0.78" " 0.45" 1
X8 0.78" " 0.25 0.21 0.60" " 0.69" " 0.43" 0.72** 1
X9 -0.31 -0.37" -0.17 -0.07 -0.34 -0.05 -0.62"* -0.20 1
X10 -0.04 -0.52*" -0.12 -0.03 -0.14 0. 05 -0.22 -0.15 0. 06 1
Y1 -0.17 0.26 0.39" 0.65"" 0.77"* 0.59"* 0.78** 0.76"* -0.1 -0.01 1

T FIR % KPR EREE(P<0.01) ;" FIR 5% KFFERRE(P<0.05),
* * Significant different at 0. 01 level (P <0.01) ;  significant different at 0. 05 level (P <0.05).

2.3 REWKRHEFIH

Xt 30 13 Kb A ZHAR AT 52304, I AR
EDSE R TYEE LN Y SIS LT S Wl U NS B
80% I, 73 Hr 45 R T3 5. RS nIAT4 4
EWT Rt TrEk A ik 84. 739% , i Lk 4 A4~
P08 B4 B A AT LS e 10 A Ji 4 200 R i
ISR AR IHE B M PPAN R A B B PR AR 2
PEIRMZR G HabR . 1 T 3380 X TS AN 1 b, 7
BRI T AT RS , T I M T A
ARBGAIE I 5 B 254, 7 2280 R IE S Tiefe , 4+ %)
TR I 1 3 R B o B — N B e 3K
ROIEISHR RIEL 4 A e, A R 523
0.928,0. 844 ,0. 861 A1 0. 718 , &5 F Hi B 1) K /INTE

—E R L S e SRR 22 /0, BRO 25 SR F
52 N Rl ke ZEHE 2 AT HUE A
5351 4 0. 886,0. 858 5 25 H 1 K/NFE — %E F2 [
S BRAR AR A B AR BE IR 2 3 BN
HURCEL  FORLE 2 A P ks, L 120 1 R
0. 693 Fl —0. 930 ; R KLY 2 /DS 3 1R E, FR N
RN 1320 4 D3 R el B AL T B AR 2
AT HRE  H A K 235 0 0. 710 Fil - 0. 948,
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Table 5 The eigenvalue contribution rate and accumulative contribution rate of the main factors

PEPCE 5 3407 A HT Sum of square load

e 5 AR SR Sum of rotation square load

EWT

Primary factor

FHIEE

Eigenvalue

Contribution rate/%

it

Accumulative

BTHKR FHIEE

o Eigenvalue
contribution rate/%

Contribution rate/%

ES W]
Accumulative

contribution rate/%

F1

F3

F4

4.129
2.071
1.223

1.051

41. 289 41.289 3.498 34.980 34. 980
20. 707 61.997 1. 740 17. 401 52.381
12.231 74.228 1.707 17. 067 69. 448
10. 512 84.739 1.529 15.291 84.739
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Table 6 The rotation of the sub-load matrix

G TEMBUCERE AL F o= ( 34.98 x F1 +
17.401 x F2 +17. 067 x F3 +15.291 x F4),/84.739!"* |
FII AR ECA B 35K S R A R 1 25 B 15 47
FEXT 30y KA B s IR A TI0 R HEY , 45589 F 3%
7,30 {73 R SR 5T B R 255 A5 43 HETE T ALY
FJ& CS1761 (CS1737, Lk 2 4~ 5 R FRBR A 3L TEEL
BIrE 38 BRLA b HRRRIE IR E] 13 g LA b PR R
IKEN T8 KDL b R T R . HETE 3 ~
10 {7 [ F 5 %5 U543 381k €S1733 . CS1751 . CS1759 .
CS1773 ,CS1758 ,CS1704 ,CS1769 , CS1766, I A Fif
PR ss & R R I R AT, 3 A 12 b X R AT HETE
a5 A7 B8RP BT % UE 43 0 i CS1753 CS1722
CS1748 (CS1707 ,CS1701 ,3X 5 43 b i % 5 BBk A5 2%
JERAR R UL, P RN BRAR, ANE B 1 b

HHRAE S

Relative index H 2 3 K
¥k Plant height -0.359 0.886 0.173  0.075
74 Node number 0.199 0.364 0.278 0.710
ZEH Stem weight 0.362  0.858 0.049  0.100
¢ H Pod weight 0.928 0.044 -0.016 0.053
347 Pod number 0.844 -0.013 0.362 0.106
JEJEH Deflated pod number  0.861  0.128 -0.075 -0.053
Fi%L Seed number 0.606  0.065 0.693  0.237
Bi T Seed weight 0.718 -0.188  0.338 0.190
BRI 100-seed weight -0.020 -0.169 -0.930 -0.049
FE%L Plant number 0.002 0.036 0.007 -0.948

FL 253880 R 7 F2 . i R 75 F3

XA
BT 5 P4 BROBR T

F1:Pod number factor; F2:Height factor; F3.Seeds weight factor;

F4 . Plant number factor.
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Table 7 The main factors of soybean germplasm resources are scored, comprehensive scores, and excellent sorting

it 2R ZA1 R HERF
Line number H 2 3 H Overall ratings Excellent sorting
DDO1 -0.22608 0. 74990 0. 33581 -0.10463 0. 10942 10
DD02 -0.72431 0.73692 0.33893 0.20510 -0.04240 13
DDO3 0. 13200 2. 34608 0. 34656 -0.47143 0. 52098 4
DDO04 -0.60304 0. 10915 0.11182 -0.71064 -0.33223 25
DDO05 -0.71251 -0.47484 -0. 04299 0. 04602 -0.39198 26
DDO06 -0.35017 —-1.4878 —4.25995 -0. 39099 -1.37860 30
DDO7 —-1.00185 0. 38093 0. 33359 0.08414 -0.25297 22
DDO8 -0.62984 0. 16083 0. 16203 -0.40272 -0.26701 24
DDO09 2.17178 -0.56384 -0. 24450 -0. 46206 0. 64810 3
DD10 -0. 54275 -1.16026 0.55676 -0. 89880 -0.51236 29
DDI11 -0. 15937 -0.39229 0. 12963 0. 06276 -0.10891 16
DD12 2.72037 -0.43470 -0.70123 -0.69787 0. 76653 2
DD13 0.01674 - 1. 11637 0. 88673 -0.19942 -0.07973 15
DD14 —-1. 11088 1.42102 -0.59136 -0.89159 -0. 44675 28
DD15 -0.01883 -0. 60279 1. 07569 -0.35613 0. 02083 12
DD16 —-0.43795 -1.27901 0.52921 1. 20587 -0.11924 17
DD17 0. 87554 -0.76838 0. 80628 -0.19186 0.33140 7
DD18 2.91448 1. 79947 -0.23431 1. 58017 1. 81055 1
DD19 -0. 98684 0.58722 -0.43382 2. 67064 0. 10776 11
DD20 0. 42330 - 1. 44035 1. 16305 0.30486 0. 16822 8
DD21 0. 17405 1. 06246 -0.79917 -1.49735 -0.14113 18
DD22 -0.48715 0. 14068 0.39141 -0.59581 -0.20089 20
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gx7
mh R G5 L5197 i R HEFP
Line number " 2 " F4 Overall ratings Excellent sorting
DD23 -0. 60705 ~0. 16979 0.21003 0.30492 -0.18813 19
DD24 -0.39298 ~0.94748 0. 56842 ~0.00227 ~0.24271 21
DD25 ~0.87013 1. 66776 ~0.97049 0. 27654 ~0.26208 23
DD26 0. 00808 ~0.01122 0.36076 0. 82267 ~0.07476 14
DD27 0. 13809 0.23399 0. 81397 1.17310 0. 48068 5
D28 0. 08601 ~0.78616 -0.48347 ~ 1. 04062 ~0.41108 27
DD29 0. 36590 0.70719 0. 67585 0. 46797 0.34793 6
DD30 -0. 16461 —0. 46830 ~1.03525 2.84379 0. 14054 9
2.5 KEMERZERZEHRPBEST ( CS1707, CS1731, CS1753, CS1751, CS1766,

SR FH IR FC IR 2 8 22 -5 FIA XS 30 3 KA €S1758 ,CS1703 (CS1773) 5 5% M 26 REALHE 4 7 R
JREEIR 10 DA LMK K= MR AT RS b, B FJBBE IR (CS1733 (CS1737 ,CS1704 . CS1761) , A A
PRHTE R UL 1o 30 (Y REARE IR AL R bRk bk S 255 SRR MR | bk o
AR 2 AR T 18 B B 5 ~ 25, DAt Ae E/ARYIIR R SRR E R 2 S A

PRES 7. 55 Mo Fek, nlkE 30 ) K G R 9 IR EPHRE IR LA

3OREM. JLP S T KRR (CS1774, CS1764, . 2 vl L 2 2
€S1732 ,CS1748 . CS1701 , CS1705 . CS1763 , CS1716 . 23

CS1712.CS1706 . CS1722 . CS1769 . CS1762 . CS1768 . }é >

CS1721) BAT MRS I8 of B i 2T T AR W) <l 1

BRI LT DS540 40 BT A 2 4 3e)

WERHE, o s 11 B S 5 M K Fh T 5% IR 23

(CS1774 .CS1764 .CS1732 .CS1748 .CS1701) ;45 1 -2 14

KBEGHE 10 8 K T A R % UE (CS1705,CS1763, 2

CS1716 ,CS1712 [ CS1706 |, CS1722 , CS1769 | CS1762 | 10
CS1768 \CS1721) o 5 I 2EHEELER 11 13 K EFh ¥t
P ( CS1717, CS1739, CS1759, CS1707, CS1731,
CS1753, CS1751, CS1766, CS1758, (CS1703
CS1773) , BA MRt YRR 2 28T T AR W)
eSS UNUIRY S LR 7S TR QN VA E T N
SRR A T T A 2 N A Bl REEREFEEROXEFHERFEREE
-1 K 4 3 {ﬁﬁﬁﬂ}ﬁ%?ﬁ(CSUﬂ CS1739 . Fig. 1 Clustering chart of agronomic and
CS1759), 5% -2 K45 8 fiy K 5 Ah it 5% I
RS 3EREMRHFRERMESN

Table 8 Difference analysis of the three types of soybean germplasm resources

N = —
COON\O\OOI—LWhn
=

]

o N

yield traits of soybean

Plant height Stem weight Pod weight Deflated pod Seed wight  100-seed
Class group Node number Pod number Seed number Plant number

/cm /g /g number /g weight/g

I 68.6 13.6 4.5 4.8 25.7 1.8 58.9 8.9 17.7 27.8

11 73.0 13.9 4.3 4.2 21.8 1.6 511 8.2 20.5 27.17

12 66. 5 13.5 4.6 5.1 27.7 1.9 62.9 9.3 16.3 27.9

I 71.1 14.1 4.9 5.1 29.4 1.7 72.9 10.5 15.7 28.6

-1 68. 4 14.7 4.7 5.2 29.3 1.8 72.3 10. 1 15.3 28.1

nm-2 72. 1 13.9 4.9 5.1 29.5 1.7 73.1 10.7 15.9 28.7

Iir 52.9 14.5 5.9 7.2 43.5 5.8 90.5 13.6 17. 4 27.9




33 LT 7R 5 < ARG AT o T8 DR 38 70 2 B P 335

3 W #

3.1 XEMREFERERRZERIFE

PR R B A 25 MR R B 45 2 | ) & Fp T
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K7k e —F 2 oWk, e el L
Fa A B TR B A 20 MR DA R 7= s PR I 45 8K
EE/D I TR FHEAREE, TR0 AT AR 45 HEACHE R
FEDBUA FE W F AT RE B A R, DL S 2 AL
SRS MR PE T ASBIESEE i T4 B 30
R E AR 10 AF MR 40 i 4 A~ =
T, IRt MOk 84. 739% 1S B 25 & T 10
ARG G b v R R ZE TR R R
B SRR Rk S A E . BT S 4R G HE
FEA B SR B, CS1761 1 CS1737 1 {4 il Ji W JR
FI AT CS1707 Fil CS1701 7 443 Fo Jo % Y 7 1% 9€
XTI 2E, AN EFHE, 1 CS1733,CS1751 ,CS1759 .
CS1773 .CS1758 . CS1704 . CS1769 . CS1766 F 5 % i
ZEATRIR R R T PR R 40 em oAy, W] Lk S
BURIL G 0 & A ERLE DL K B 22, iR ) %
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