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Principal Component Analysis of Agronomic and Yield-related Traits in Soybean
HAN Bing-jin,PAN Xiang- wen, JIN Jian, WANG Guang- hua,LIU Chang- jiang,and LIU Xiao- bing

(Key Laboratory of Black Soil Ecology, Northeast Institute of Geography and Agro- ecology, Chinese Academy of Sciences, Harbin 150081, Heilongjiang,
China)

Abstract ; This paper aimed at determining relations of morphological traits and yield ,finding out the critical traits in answer
to yield under the background of high-yield experiment and demonstration and accessional technologies in soybean,and sup-
plied with the theoretic basis for high- yield breeding and cultivation. Three broadly used soybean varieties,4 fertilization
modes and dosages were involved in this study. Principal component analysis of morphological traits along with correlation a-
nalysis of these traits and yield were carried out to determine the leading factors influencing yield according to the variations
of morphological traits and yield grown in routine planting density. The results showed that there existed the largest variations
for number of four-seed pod and branch number among all traits measured , whose variation coefficient ( CV) was 70. 15%
and 68.71% respectively,implying that they were affected considerablely by such measures as variety replacing and fertili-
zation reforming etc. and exhibited good betterment potential , and also acted as an important trait to select in breeding. As
compared , the CV of 100- seed weight, node number of main stem, grain number per pod and economical coefficient were
very low(3.82% to 7.36% ) ,and provided with less betterment potential. For the other traits, plant height, height of lowest
pod ,numbers of effective pod and so on, possessed moderate betterment potential with the variation coefficients fluctuating
from 11.54% to 24.69% . The results of correlation analysis also indicated that yield correlated significantly positively with
grain number per plant,shoot dry weight, effective pod number, three-seed pod number ,four-seed pod number,seed number
per pod,100-seed weight and economical coefficient. The results of principal component analysis of 18 traits suggested that
these traits might be reduced into 4 comprehensive indexes (yield factor, plant height factor, pod number factor and node
number factor of main stem) ,whose cumulative contribution rate accounted for 86. 85% ,reflecting basically the growth and

yield status of soybean grown in the routine density. It is concluded that selection of traits with high biomass, more three-
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seed pod, four-seed pod and low node site of podding should be emphasized in breeding, and corresponding regulation meas-

ures to enhance biomass and reduce node site of podding should also be adopted in cultivation.

Key words : Soybean ; Morphological traits ; Correlation analysis ; Principal component analysis
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Table 1  Variation of plant traits in soybean

LGN PRI S PNIER Hi/ME B2z T8 brif 22 A R

Traits Code Maximum Minimum Range Average SD CV/ %
k= Plant height/cm x1 91.00 63.00 28.00 74.92 8.65 11.54
ZEJEHL Height of lowest pod/cm x2 31.80 16.20 15.60 22.48 4.07 18.12
2758 Nodes number of main stem x3 19.87 16.20 3.67 17.24 0.89 5.18
2532553 Node site of podding x4 9.20 5.07 4.13 6.76 1.00 14.76
434X Branch number x5 0.47 0.00 0.47 0.20 0.14 68.71
Hi -+ Shoot dry weight/g x6 24.33 15.10 9.23 18.78 2.77 14.75
KT Root dry weight/g \7 2.80 1.21 1.59 1.86 0.46 24.69
25 JEJERL Nil-seed pod number x8 5.93 2.73 3.20 4.03 0.80 19.79
1 F7JE%L One- seed pod number x9 8.53 4.47 4.06 6.02 0.92 15.23
2 Ki3E%L Two-seed pod number x10 16.20 8.67 7.53 11.53 1.99 17.28
3 ki3S Three-seed pod number x11 14.87 6.00 8.87 10.34 2.41 23.33
4 ki JE%L Four-seed pod number x12 5.87 0.33 5.54 1.93 1.35 70.15
A RIEEL Effective pod number x13 38.47 24.67 13.80 29.82 3.85 12.91
HFIEREL Seed number per plant x14 2.60 1.94 0.66 2.27 0.15 6.51
ERLE 100-seed weight/g x15 15.50 13.30 2.20 14.57 0.56 3.82
25%% 2% Economical coefficient x16 0.52 0.39 0.13 0.47 0.03 7.36
BARRKIZL Grain number per plant x17 92.87 53.73 39.14 67.98 11.68 17.18
PARRRI T Grain weight per plant/g x18 12.07 6.53 5.54 8.92 1.65 18.47
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3 MK B RHE(E #F 4 EEFRS N &
Table 3  Eigenvalues of the Correlation matrix Table 4 Eigenvectors of leading principal components
£ HEAE IR R PEIRICE RS RWA2 BRAS B
Principal . Proportion Cumulative
Eigenvalue _— _— Symbol of traits Prinl Prin2 Prin3 Prin4
component contribution rate  contribution rate
1 7.6025 0.4224 0.4224 x1 0.0440 0.4374 0.2369 —0.0041
2 3.9971 0.2221 0.6444 x2 -0.0735 0.4266 0.1887 -0.0632
3 2 4854 0. 1381 0.7825 X3 -0.1289 0.2052 0.3602  0.3210
4 | 5478 0.0860 0. 8685 x4 -0.2421 0.1157 0.2930  0.3003
x5 0.2059 -0.0996 0.1435 -0.3498
55 = R W RRAE ) 2 rp RRAE ) (R R 1 x6 0.3218 0.1273 0.1759  0.1488
PEARA 2 B 258 A 1 R HRIE R 5 Do oo 03198 0606
BB R Rk g, B E2ET 5 x9 -0.0730 -0.2811 0.3168  0.2854
e 62 KR SR G, el 0B o o o0
BRI, 5= R SIS IR R «12 0.2792 0.1927  -0.1610  0.2007
B TTT] e i+ = ny e g x13 0.3138 -0.0852 0.2757  0.0902
565 DU A (O REAE 160 B2, R ] B (R x14 0.3003 0.2003  -0.2160  0.0363
REVERA F2E8 453600, FREm E AR & <15 0.2283  -0.2644  —0.0154  0.0411
N N = = A S 51 » NI x16 0.2221 -0.3284 -0.0859 0.1387
H oA R 22 I8 98 BB AR T . i 25y 0 0 3503 0. 0202 01209 0.0806
e LEIETNINLE, 25 I8 JER I AR BRI AR <18 0.3450  —0.0367 0.1069  0.1714
WRINE D, 550 R 2R R
#5  KAHFRUEILT) F S0 S5 HDT
Table 5 Standardized scores and sorting of principal components for all traits
4b B FH 1 .| F 2 At FHS 3
Treatments Prinl Treatments Prin2 Treatments Prin3
By ikl HIF + L 2.1338 By B3k 11 HIF + L 2.2397 XEZz 4 1 HRF + S 2.0676
K5 Jp 3k 1 HIF + L 1.4406 Yt B e ik 11 HRF + L 1.5963 XfHRZZ 4 11 HRF + S 1.6925
W FR2Z4¢ 11 HRF +S 1.3313 /DA R e LIF + L 1.3929 Rrgee I HIF +S 1.4787
B J784¢ 11 HIF + S 1.2640 BLJ5 gk 1 HIF + L 1.3693 it % 1 HRF + L 1.4500
B 7 )% 11 HIF + L 0.8541 /R XY Bk LRE + L 1.1245 XpHRZZ A T HRF + S 0.8139
B4 LHIF +H 0.8049 B ek 1 HIF + L 0.9115 X B ik 11 HRF + L 0.7037
By 4 I HIF + H 0.6208 %t A Jp 3% T HRF + L 0.9009 B 7424 11 HIF + S 0.5534
Bl HIF +S 0.5330 B g I HRF + L 0.7838 B4k LHIF +S 0.4991
B4 HIF + H 0.5099 SRE S B4 A LRF +S -0.0624 K7 JpE T HIF + L 0.4887
By 1 HIF + S 0.4554 BT G4 3 LRF + H -0.3287 [ 7 % 11 HIF + L 0.1020
X} R4 F 1 HRF + H 0.2335 DB R & 4e LIF +S -0.3371 X} B84 3 11 HRF + H -0.1336
XTHEEE T HRF + L 0.0250 By 447 11 HIF + S -0.4081 HEXTIRZEAR LRF + S -0.1659
X R T HRF + L —0.0575 XTHEGE T HRF + H -0.4720 ISR JT ek LIF + L -0.2654
X M4 11 HRF + H -0.3919 X2z T HRF + S -0.5253 AR IR % LRF + L -0.2777
/SRR 7B LIF + L -0.6523 B 4ETHIF + H -0.6204 AR R AR LIF + S -0.3683
BT RZEAR LRF + S -0.7076 XPHA4 2 1T HRF + H -0.6298 Y& e T HRF + L -0.4192
R4 E T HRF + H —0.7254 Xf B4 4 I HRF + H -0.6892 Ryl HIF + L -0.5369
B R ITERAR LIF + S ~0.7947 PR A F LIF+H -0.7204 DR A LIF + H -0.8215
St iE gz I HRF + S -0.9191 B4 THIF + H -0.7259 B4 HIF +H -0.8968
AHRE T4 LIF + H ~0.9824 RLfrggqe 1HIF +8 -0.7302 X4 311 HRF + H -0.9927
SRR A LRF + H —1.0400 B4 FEI HIF + H -0.7414 X4 F T HRF + H ~1.0402
RN IRk LR + L —1.0469 X HBZZ4¢ 1 HRF + S -0.8541 K743 I HIF+H —1.1422
XfRRZZ 4 1 HRF + S -1.3186 K54 HIF +S -1.1079 IEXT G LRF + H -1.2005
%o W8 Jp % 11 HRF + L. -1.5701 Yf M2z 4 11 HRF + S -1.3661 By 4FETHIF+H -1.5888

HIF + LAARR M 15 HRF + LRI e ik 1 5 LIF + LAGRDIERIF ek 1 5 LRF + LAARAIEX ek 155

HIF +S AR RIr @A 14; HRF + S ORI MR 14; LIF + S ARRAME R 5 224K 145 LRF + S AARDILRT Gk 145

HIF + H AR R J7 & F 25 HRF + H AR M5 42 25 LIF + HAURAAE R J7 5 F 255 LRF + HAUGRAAEX G F 25,

HIF + L stands for High improved fertilization + Longxuan 1;HRF + L stands for High routine fertilization + Longxuan 1 ; LIF + L stands for Low im-
proved fertilization + Longxuan 1 ;LRF + L stands for Low routine fertilization + Longxuan 1

HIF + S stands for High improved fertilization + Suinong 14 ; HRF + S stands for High routine fertilization + Suinong 14 ;LIF + S stands for Low im-
proved fertilization + Suinong 14 ; LRF + S stands for Low routine fertilization + Suinong 14 ;

HIF + H stands for High improved fertilization + Hefeng 25 ; HRF + H stands for High routine fertilization + Hefeng 25 ;LIF + H stands for Low im-
proved fertilization + Hefeng 25 ; LRF + H stands for Low routine fertilization + Hefeng 25.
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