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130 3 E A REAY 10 A BR AR Fin 5 4=
MR R BRIEE S IS5 R W3 1,130 A1k
FEMHERLT R FE. M E PH FHE N
156. 43 cm, 28 & 4 111, 30~192. 40 em.71.5%
Btk PH # 1 7E 145~170 cm; VBH SE¥{E K
59.09 cm, 28 IF 4 12. 30~104. 50 cm, 85. 4% HY
B VBH 4 P 7R 40 ~ 80 em; MIL ~F ¥ {H N
50. 83 em, A8 A 17. 30~87. 50 em,79. 2% K4
B MIL S H 78 40~60 cm; BN SE#{4 K 8. 38
AR E N 4~15 4,80, 8 %5 My A1 KL BN £ v 43 #i
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TBA.MBA. BBA ) F ¥ 1 43 %y 39. 01°,
42.40°, 34.13°%, 28 W& 43 5] 24 12. 00° ~ 75. 00°,
16.00°~72.50°, 10.00°~60. 50°, TBA £ #4515
16 32.5°~47. 5°, MBA £ 1 4> #i 7E 37. 5° ~
50.0°,BBA &£ 434 #E 25. 0°~40. 0°; SL f1 SW
SEHE 4> 5 A 5. 93 em. 0. 55 cm, 48 & 43 51 4
3.61~9.29 cm.,0.41~0. 80 cm,SL 57
5.00~6. 75 cm, SW £ H1 4315 7E 0. 49 ~ 0. 63
cm; NSTR.NSP F¥{E 53510 64. 21 4~.230. 30
AN AR 43 9 R 210 00 ~ 130, 00 4>, 230. 30 ~
762.93 4~ NS, TSW ~F- B {i 43 5l Ry 20. 50 KL,
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83. 1Y By M Kl SYP #E 17 10. 00~27.50 g, 15
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Table 1 Phenotypic statistics of main traits of Brassica napus L.

JETN T e 72 T e 22 R 5 R 7 S i T £ W JiE

Trait Mean R SD CV Variation range Skewness Kurtosis
PH/cm 156. 43 81.10 13.98 0.09 111.30~192. 40 —0.26 0.14
VBH/cm 59.09 92.20 17.82 0. 30 12.30~104. 50 —0.09 —0.46
MIL/cm 50. 83 70. 20 10. 25 0. 20 17.30~87.50 0. 26 0. 45
BN 8.38 11. 00 1.77 0. 21 4.00~15. 00 0.42 0.16
SBN 5.44 20.00 4.17 0.77 0.00~20.00 0.84 0.41
TBA/(*) 39.01 63.00 9.97 0. 26 12.00~75. 00 0. 34 0. 47
MBA/ (%) 42. 40 56. 50 8. 48 0. 20 16.00~72. 50 0.22 0.61
BBA/(®) 34.13 50. 50 7.65 0.22 10. 00~60. 50 0.13 0.41
NSTR 64.21 109. 00 15.06 0.23 21.00~130. 00 0.23 0.68
NSP 230. 30 693. 61 96. 56 0.42 69.32~762.93 1. 04 2.19
SL/cm 5.93 5.68 0.79 0.13 3.61~9.29 0.65 1. 46
SW/cm 0.55 0.41 0. 06 0.11 0.40~0. 80 0.59 1.00
NS 20. 50 26. 60 4.47 0.22 5.40~32.00 —0.35 0. 25
TSW/g 4.08 5.54 0.79 0.19 1.76~7.30 0. 64 0.93
SYP/g 19. 07 65.91 9. 40 0.49 2.79~68.70 1.05 1.57

2.2 HEZHFHREXSHT

Xt S B A5 R AR R AT A DG AR BT (3R 2)
GESL R 25 A MR Z TR AE AR A )RR 1 R O 1
PH Bk SBN Il TSW A& g & 4, 5 H Ath Pk
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Table 2 Correlation analysis of main traits of Brassica napus L.

PH VBH MIL BN SBN TBA MBA BBA SL SwW NSTR NSP NS TSW
VBH 0.509 **
MIL 0.246**  —0,379**
BN 0.112 % 0.249 ** 0.200 **
SBN —0.020 —0.423** 0.167 ** 0.382**
TBA 0. 175 ** 0.265**  —0.188** 0.060 —0.139 **
MBA 0.152 ** 0.305**  —0.262** 0.123** —0.078* 0.486**
BBA 0. 161 ** 0.415**  —0,231** —0.040 —0.146** 0.409** 0.595**
SL 0.091 * —0.020 0.080 —0.020 —0.010 0.060 0.060 0.030
SwW 0. 136 ** 0.089 * —0.020 0.030 —0.010 0.020 0.050 0. 020 —0.080*
NSTR  0.345 ** —0.010 0.384 ** 0.010 0.030 0.099 * —0.030 0.060 0.010 0.000
NSP 0. 246 *x 0.127**  0.166 ** 0.350 ** 0. 434 ** 0.050 0.040 0.010 —0.083* 0.020 0.367 *x
NS 0.319 ** 0.163 ** 0.010 0.070 0.050 0.079 * 0.136** 0,117 ** 0,451 %% 0,129 ** 0.083 * 0.000
TSW 0.070 0.070 0.020 0.020 0.030 0.116** 0.105** 0.010 0.040  0.375** 0.000 0.010 0.257 **
SYP 0. 326 ** 0.070 0.152 ** 0.333** 0.382** 0.132** 0.138** 0.070 0.121** 0.208** 0.343** 0.834** 0.368** 0.236**

Hoew o 760,01 KP EARRIFFI, x££ 0.05 /KPR FEMK,

Note: * * represents significant correlation at 0. 01 level ,
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RAFMAR RE, bR 55 A& MoK R Y 3 AR 5 A
(K 3) R W] BRI MIR X B ™ 2 (SYP) 1Y 5 4% 5T
kI /MY PHC0. 021 0)=TBA(0. 021 0)>>MBA
(0.012 0)>>SW (0. 007 0) >>SBN (0. 000 0) >
BN (— 0. 008 0) > SL (— 0. 007 0) > BBA
(—0.016 0) > MIL ( — 0. 018 0) > VBH
(—0.036 0), AT UL, £ ¥R AR XT SYP A9 B 425K
BN, R PH Ml TBA X7 SYP A9 B 4% 1E 54
O H X B K, VBH X SYP By B 32 1 %% W B K,
7 R B P R (SYP) Y B4 B Bk R /MR IR
4 NSP (0. 786 0) > NS (0. 502 0) > TSW
(0.391 0)>NSTR (0. 000 0), A] W, 3 /4> /= &)
MR NSPUNS, TSW Xf SYP () B 42 1E % i BH
0 T A PR PR AR 9 00 FE v NSP ) B 4%
IE 19 2% e K. NSP 3@ b PH (0. 005 2), VBH
(0.001 3).TBA (0. 002 8),MBA (0. 001 1).SL
(0.006 0)XF SYP 4 [A] #22 1E R /0N, i 8 MIL
(—0.002 1) .BN(—0.002 9)F1 BBA(—0. 002 2)

* represents significant correlation at 0. 05 level.

4 T 422 17 RN #5/h, NS Fil TSW R B 4238 448
Z% (0.502 0 1 0.391 0) & K H M iF . NS &
i PH (0.009 1), TBA (0. 003 3)., MBA
(0.002 2)ZERRBIPEAR XF SYP 7 A [6) 422 1F [ 850 07
B/N;NS g VBH X SYP 7= Az A 688 K 17
R (—0. 010 9), TSW i@t VBH(0. 004 4)
TBA(0. 003 3) \MBA(0. 001 4) ,SW(0. 002 9)%§
PRALHAR X SYP 7™ Az [a] 2 1F 1) 2% 0 38 /) 5 3 i
PH (— 0. 002 9), BBA (— 0. 000 4) il SL
(—0.000 1) [ a]4E 1 RN B/

SR A A R B MR & L, PH G iF NSP
(0.193 4)F1 NS(0. 218 4) X} SYP f [ 322 15 JH %%
K. BN.SBN.,TBA #I BBA i#fijF NSP %f SYP =
Az ) 2 TF 1] 240 (B 388K L 8] 422 58 42 5 B0 B A
0.288 5.0.337 2,0.104 5 1 0.107 7, A W, ¥
1o ST ASCEORN A3 RS B A bk AR R EOR L P [ 2
SR B R . 28 B AT L, NSPLUNS fil TSW
Xof JHT S BB 7 A Y OE 1) B RON e R, R 2
PH.TBA #1 MBA, VBH #4 1 [f] 1 42 2 0 &% K,
PH.BN.SBN,TBA #1 BBA it NSP %} SYP fi4
(SR 22 G N
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Table 3 Path analysis between per-plant yield and relative characters in Brassica napus L.
s EHE I 93 £ 7 B Indirect path coefficient A
Variable Direct path Total
coefficient PH VBH MIL BN SBN NSTR TBA MBA BBA NSP SL SW NS TSW

PH 0.021 0 0.021 9 —0.0037—0.0007 0.0000 0.0000 0.0049 0.0020 0.0037 0.193 4 0.0009 0.0011 0.2184 0.054 0 0.3348
VBH —0.0360 0.0127 0.007 6 0.0008 0.0000 0.0000 0.0074 0.0043 —0.0074-0.0283 —0.0001 0.0010 0.1516 —0.047 7 0.1019
MIL —0.018 0 0.004 3 0.015 1 0.0029 0.0000 0.0000—0.0061—0.0043 0.0045 0.0927 —0.0009 0.0070 0.0296 —0.0023 0.1426
BN —0.008 0 0.001 9 0.003 7 0.006 6 0.0000 0.0000 0.0032 0.0023 —0.0012 0.2885 0.0005 0.0002 0.0115 —0.0094 0.3077
SBN 0.0000 —0.002 1 0.014 3 —0.002 3 —0.002 7 0.000 0 —0.003 3 —0.0013 0.001 3 0.337 2 0.000 5-0.000 6 —0.024 6 —0.006 3 0.310 1
NSTR  0.000 0 0.007 4 —0.0023—0.0069 0.0008 0.0000 0.001 8 —0.000 6 —0.0011 0.3458 0.000 0—0.0001 0.0622 —0.0133 0.3938
TBA 0.0210 0.0049 —0.0127 0.0052—0.0012 0.0000 0.0000 0.008 4 —0.0093 0.1045 —0.0010 0.0006 0.078 3 0.0610 0.2388
MBA 0.012 0 0.003 4 0.0130 0.0064—0.0015 0.0000 0.0000 0.0146 0.012 8 0.069 2 0.000 6 0.0005 0.0929 0.046 9 0.206 0
BBA 0.016 0 0.004 9 0.016 6 0.0050—0.0006 0.0000 0.0000 0.0122 0.0096 0.107 7 0.0007 0.0004 0.1275 0.008 6 0.2581
NSP 0.786 0 0.005 2 0.001 3—0.0021—0.0029 0.0000 0.0000 0.0028 0.0011 —0.0022 0.0006 0.0000 0.0447 —0.0219 0.026 4
SL —0.007 0 0.002 6 —0.0006—0.0023 0.0005 0.0000 0.0000 0.0029 0.0011 —0.001 5-0.0700 —0.0009 0.2033 0.006 6 0.1419
SW 0.007 0 0.0033 —0.0049 0.0008 —0.0003 0.0000 0.0000 0.0019 0.0008 —0.0010-0.0039 0.000 9 0.056 7 0.163 4 0.2179
NS 0.502 0 0.0091 —0.0109—0.0011-—0.0002 0.0000 0.0000 0.0033 0.0022 —0.0041 0.0700 —0.0028 0.0008 —0.117 7—0.051 3
TSW 0.3910 —0.0029 0.004 4 0.0001 0.0002 0.0000 0.0000 0.0033 0.0014 —0.0004-0.0440 —0.0001 0.0029 —0.1511 —0.186 2
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XF 130 6 A SR BEA Y 15 AR AT 440
(RO HTAWAEBERT 1 FERSTA 6
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FRA LS 15 MERE T RZHEE.

B — A B4 BTk R 23. 59 %0, o 5
MBA (0. 91) Y 1F A 5 P & 5, Lk & BBA Fi
TBAC(0. 85 F10.83),iX 3 MR 5ok A ER
KL AR HAr 44 R o B B T 2R 4 B B,
B A 5 — T2 A ) 14 0, 3 S 45 4 B A AR
BER B — RO RO A 2 — @ FREE R N, MIL 2%
—ERREE I UL TE ISR R AL A X — A
Sy BIFE BUR e BAR T . 5 i ML 5t
MR 16, 81% . Hid 5 NSP(0. 80) [ IE M 6 e K,
HkJ2 SBNL.BN,SYP(0. 73,0. 72,0. 71) , iX 26
RZ 5 bk A RO OG5 B4 AT RR O A bR
FRE R - URIAE SR AT 7 R R DG v
55 R U L 1% A v G 2 B K 2
VBH(—0. 24) , % B H #5890 3% — R 800 B
JEE (10 186 o — 5 R R 2 DR/ 0 A B L A R AR SR B0
HEAAR 7= o, 5 7 R A A Y RIS A B
W= B AL TTER R 13, 17%, Hoh 5 PH
(0. 79) (Y IEAH 5 M 5o, HR & VBH (0. 78), 1]
W55 = E A FR R bk s TR, EAT AR = R
IF s SRR 5C 1021 32 A3 5 1% 32 UG Hh 67 (1 46 X

KA TSW(—0. 36) . 2 B H 5 %1 32 0k 25 1 —
YRG0 B AN 1) ) 1 0 — 5 e B 2 e AU T I o
S0 F OB A3 AL AR BT Bk % 100 0900, o
NSTR(0. 83) IEAH K F ik , H 2 MIL(0. 74) ,
XA PEAR 5 G T A0 O, v oA 24 o AR )T
HF, £ 4@E0TAHONSTR A MIL A3 in 2>
— SEFEEE BN NSP F1 SYP, 15 B 7E 3 32 & 72 5 fib
10 0 I o A B Sl 1 P e - O N =7 A
BORAE TR 8. 25% . 5 SW (0. 85) AY 1EAH & f
K, H K E TSW (0. 82) , Ut BH 3 T £ 5 56 5 mT 34
TR o e, — 8 AR B AR B R L i AT
PR SR 96 7. 28OS 3o Bt L T R R
7.54 %, Hrp 5 SL(0. 88) i IE M 26 f K, Hik S
NSC0. 67) , Ut B AT 34 i £ A< B2 S 46 v A R 4
— T TR RN LR P R T RR O A R K
AT

TR EA EM L F 5, % H W AL S A
WL G THEA ATy 4 9 1T %, 1
G Mg NV, 130 Hhr#kHor 12 G MR R
(T>1).56 MR 4F (0<<T<<1) .54 Ak —
B (—1<T<<O .8 PPEREZE (T, XE
R G VRN 0 e A 12 0 28 B MR AL B ARG H
WERMEE(117,102,30,15,122,48.,26.,19,116.,1,
35.129) 5 H 8] Z4F R I b3 A . RIA 1 1y
MOEHDO BT T4 25 R MR R R 47, B
L2 S RIOR /iU i N BT ST o B o W 2= R
HA—2 R EE,



6 1 5 WP H A TR S S B AR TR R MR 2R G A BT + 903 -
4 HEMBRZIEERERSSH
Table 4 Principal component analysis of main characters in Brassica napus L.
Ptk W43 Principal component
Trait 1 2 3 4 5 6
PH 0.11 0.11 0.79 0.29 0. 04 0.13
VBH 0. 40 —0.24 0.78 —0.12 —0.01 —0.10
MIL —0.39 —0.05 —0.14 0. 74 0.02 0.26
BN 0.11 0.72 0.05 —0.40 —0.01 —0.09
SBN —0.17 0.73 —0.30 —0.03 —0.08 0.05
NSTR 0.08 0.12 0.23 0. 83 —0.04 —0.11
TBA 0. 83 04 0.10 0.02 0.11 0.07
MBA 0.91 0.06 0.07 —0.12 0. 04 0.07
BBA 0. 85 0. 04 0.19 —0.01 —0.03 0.07
NSP 0.14 0. 80 0.13 0.43 —0.03 —0.13
SL 0.12 —0.08 —0.05 0.04 —0.04 0. 88
SW —0.05 0.03 0.30 —0.09 0.85 —0.05
NS 0. 07 0.16 0.57 0.01 —0.06 0. 67
TSW 0.18 —0.04 —0.36 0.08 0.82 —0.04
SYP 0.22 0.71 0.24 0.38 0.29 0.23
HEMEH Characteristic value 3.54 2.52 1.98 1.51 1.24 1.13
Bk /% Contribution rate 23.59 16. 81 13.17 10.09 8.25 7.54
?&fﬁfﬁéﬁtribmm ate 23.59 40. 40 53.57 63. 66 71.91 79. 45
x5 HERKRXEIRIEEITEN
Table S5 Comprehensive evaluation of main components of Brassica napus L.
éifgc Vli‘i*cqlty T LEA 8B T Principal component index T
T PERDER 117(2.04)  102(1.75)  30(1.66) 15(1.51)  122(1.39)  48(1.16) 26(1.15) 19(1.12)
Excellent 11601 11y 1(1.08) 35(1.07)  129(1.07)
il PEAREEF 109€0.95)  124€0.90)  123(0.90)  130(0.88)  46(0. 84) 33(0. 83) 32€0.79) 2500.73)
Better 126€0.73)  11€0.65) 98(0. 65) 51(0. 60) 9€0.57) 53(0.57) 31€0.55)  108(0.55)
77(0.54) 50(0.53) 89(0.52) 93(0.50) 22(0.49) 28(0. 48) 27(0. 45) 49(0. 44)
2(0.41) 119€0.37)  16€0.37) 34(0. 35) 91(0. 34) 95(0. 34) 81(0.33) 13(0.32)
29(0.29) 42€0.29)  112€0.27)  14(0.27) 21€0.25)  101(0.23) 4(0.22) 4500, 21)
120€0.19)  39(0.18) 87(0.17) 44€0.16)  118(0.14)  125(0.13)  76(0.10) 20(0.09)
106€0.08)  97(0.05)  127€0.03)  52(0.03) 80(0. 02) 71(0.02) 64(0.01) 96(0.01)
I} Mok —B 40(—0.01) 84(—0.01) 86(—0.05) 43(—0.07) 58(—0.09) 41(—0.15) 99(—0.16) 60(—0.18)
General 191(_0.18) 56(—0.18) 18(—0.19) 105(—0.19) 37(—0.21) 5(—0.23) 83(—0.24) 128(—0.26)
17(—0.26) 111(—0.26) 104(—0.26) 3(—0.30) 57(—0.32) 82(—0.34) 72(—0.34) 90(—0.37
94(—0.37) 110(—0.37) 38(—0.38) 66(—0.46) 69(—0.50) 59(—0.50) 70(—0.53) 12(—0.56)
54(—0.56) 23(—0.56) 67(—0.57) 47(—0.60) 74(—0.61) 79(—0.62) 62(—0.63) 85(—0.69)
7(—0.71)  10(—0.73) 88(—0.74) 114(—0.75) 24(—0.76) 65(—0.77) 92(—0.84) 107(—0.87)
6(—0.87) 115(—0.88) 68(—0.91) 36(—0.91) 55(—0.93) 78(—0.97)
I\ '&Vﬂ]}f:? 75(—1.00) 103(—1.18) 73(—1.25) 8(—1.33) 100(—1.40) 63(—1.72) 61(—1.86) 113(—2.10)

TE AR S AN T RIS A 4 5 45 5 W TR IR R A IR AL T.

Note: Numbers outside the brackets represent rape varieties; numbers inside the brackets represent main component composite index T.
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Comprehensive Analysis of Major Plant-type and
Yield Traits in Brassica napus L.

GUO Na,ZUO Kaifeng,ZHANG Miao,ZHANG Bingbing, QIN Mengfan,
MA Ning,LIU Xiang,LI Qingqing, HUANG Zhen and XU Aixia

(College of Agronomy,Northwest A&.F University, Yangling Shaanxi 712100, China)

Abstract The key bottleneck in rapeseed industryis to urgently optimize plant type and increase
yield. In this study,a total of 130 elite B. napus accessions were studied, ten plant-type traits and five
yield traits were investigated in the field. The phenotypic correlation analysis, path analysis,and princi-
pal component analysis were used to reveal the relationship between the plant type,yield and yield re-
lated traits for identifing the main determinant of yield per plant in B. napus. The results showed that
abundant variations of plant type and yield traits were in 130 tested accessions,the order of the varia-
tion coefficient of the fifteen traits was: number of secondary branches™yield per plant=silique num-
ber per plant>first valid branch height=>top branch angle=>effective number of main inflorescences >
number of seeds per silique = basal branch angle > the numbers of valid branch > middle branch
angle=main inflorescence length™thousand-seed mass>silique length>>silique width™plant height.
Correlation analysis showed that significant correlations among the most of the 15 traits,silique num-
ber per plant and the yield per plant of yield traits were the highest (0. 834). Among plant type traits,
plant height (0. 326),the numbers of valid branch (0. 333) ,number of secondary branches (0. 382),
and silique width(0. 208) were closely related to the yield per plant. Path analysis showed that silique
number per plant (0. 786) of yield traits, plant height (0. 021) and the top branch angle (0. 021) of
plant type traits had the most direct positive effect on the yield per plant in rapeseed. Plant height,
number of primary branches,number of secondary branches,top branch angle and basal branch angle
had significantly indirect effect on yield per plant through the number of pods per plant. A total of six
principal components were obtained by principal component analysis, including branch angle, silique
number per plant,plant height, main inflorescence, silique width,and silique length factor. The tested
accessions were divided into four groups according to the comprehensive evaluation of principal com-
ponents,of which twelve accessions had good comprehensive properties, this had a certain reference for
breeders to improve plant type in B. napus.

Key words Brassica napus L. ;Plant type trait; Yield trait; Correlation analysis;Path analysis; Princi-

pal component analysis
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